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Executive Highlights

In this final report, we provide our full coverage of the 73rd Scientific Sessions of the American Diabetes
Association (ADA), held at the McCormick Convention Center in Chicago, IL from June 21-25, 2013. The
conference drew 17,737 attendees, on par with last year's 17,890 attendees and up from 17,300 people in
2010. In our conversation with ADA organizers, they noted that ADA 2013 included over 14,000 medical
professionals, a slight increase of ~3% over last year. A striking 59% of registered attendees were
international, representing a total of 117 countries (up from 111 in 2012) - despite "American" in the name of
the conference, this statistic truly symbolizes the global nature of diabetes. The largest international
contingents hailed from Brazil, followed by Japan, India, China, and Canada (in order of attendance).

With 730 expert speakers this year, the five-day meeting spanned eight tracks and included 92 symposia,
387 oral presentations, 2,511 posters, over 150 exhibits, 60 guided audio poster tours, 16 meet the expert
sessions, 11 corporate symposia, nine interest group discussions, five current issues, and four special
lectures - a phenomenal array of brainpower, depth of discussion, and breadth of topics. We've sorted
through the learnings in this final report and include our detailed commentary on 321 talks (up strikingly
from 290 last year and 280 in 2010) - drawn from symposia, lectures, oral presentations, corporate
symposia, and the meet-the-expert sessions - as well our coverage of 31 posters and 25 exhibits.

Below, we have organized our writing into 12 topic areas for convenient reading: (1) ADA themes - big
picture; (2) Artificial pancreas, CGM, insulin pumps, and SMBG; (3) Incretin-based therapies; (4) SGLT
inhibitors and other oral therapies (excluding incretins); (5) Novel drug development, basic science, and
research funding; (6) Insulin therapies; (7) Cardiovascular disease and other complications; (8) Healthcare
delivery, cost-effectiveness, lifestyle, prevention, and epidemiology (9) Obesity pharmacotherapies,
metabolic surgery, and other obesity topics; (10) Type 1 therapies - cure related; Treatment algorithms; and
(12) our Exhibit hall report, which includes our first ever analysis of Social Media coverage during ADA.
Directly below, we detail some of the major themes from ADA 2013 (organized by topic).

Our full report includes several dozen talks not published in our daily ADA reports, and the titles of these
talks are highlighted in yellow. We've also highlighted in yellow any comments that we found particularly
notable.

DIABETES TECHNOLOGY

▪ ADA 2013 showcased closed-loop progress in a big way, with outpatient trials
becoming the norm rather than the exception. In a series of oral presentations during "The
Journey to a Viable Artificial Pancreas" session, Dr. Revital Nimri (Schneider Children's Medical
Center of Israel, Petach Tikvah, Israel) presented encouraging results from the DREAM 4 closed-
loop trial, which compared overnight glycemic control with the MD-Logic AP system to sensor-
augmented pump control in the patients' homes (13-OR). We also heard Dr. Steven Russell's
(Harvard Medical School, Boston, MA) brief update on the ongoing five-day, outpatientBeacon Hill
study testing his and Dr. Edward Damiano's (Boston University, Boston, MA) bihormonal bionic
pancreas (15-OR) (to read a patient perspective on the trial, visit http://diatribe.org/issues/55/test-
drive). Meanwhile, Dr. Kenneth Ward previewed an upcoming outpatient, hotel-based study
exploring his group's bihormonal closed-loop system (14-OR). Also at ADA 2013, we heard updates
from Dr. Boris Kovatchev (University of Virginia, Charlottesville, VA) on two recent outpatient trials
comparing open- and closed-loop control. Dr. Helen Murphy (University of Cambridge, Cambridge,
UK) and the Cambridge team are even embarking on the very first outpatient feasibility study
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investigating overnight closed-loop control in pregnant women with type 1 diabetes. In contrast to
the previous years, this year's discussion around the closed-loop overwhelmingly had a sense of
"when," not "if." While systems are very much still in the feasibility and research phase (e.g., on
smartphones rather than in pumps), AP trials are now bolder than we've ever seen (e.g., missed meal
boluses, exercise, simulated errors). There's no question that a lot has to go right to bring a device to
market, but the rate of progress in recent years has been very encouraging from a patient
perspective. This is in large part due to the efforts of JDRF and the Helmsley Charitable Trust, as
well as to many committed researchers. Now, we hope companies seize the opportunity and bring
devices to market in the coming years.

▪ ADA 2013 made it abundantly clear that even closed-loop systems with the smallest
amount of automation can make a huge difference in patient outcomes. This was most
clearly demonstrated in new data on Medtronic's MiniMed 530G/Veo pump with low glucose
suspend. Most striking to us was Dr. Trang Ly's (Princess Margaret Hospital, Perth, Australia)
randomized controlled trial (228-OR) comparing low glucose suspend (LGS) with the Paradigm Veo
to pump-only therapy over a six-month period in 95 patients with hypoglycemia unawareness. In
what Dr. Hans DeVries called "the most important study at this whole meeting," LGS eliminated (!)
severe hypoglycemia without any increase in A1c in the 46 patients in the Veo group. Medtronic's
late-breaking poster (48-LB) on the ASPIRE in-home study echoed these strong results: big
improvements in hypoglycemia without any increase in A1c. In our view, both studies provided
strong real-world evidence that even low-glucose-suspend technology - literally a baby step in
closed-loop development - will have a very big clinical impact on patients (and from a payer
perspective, the severe hypoglycemia benefits are nothing to downplay either). For now, our waiting
caps are on as the FDA continues to review the MiniMed 530G (as of Medtronic F4Q13, approval
was expected this calendar year).

▪ The range of artificial pancreas systems described at ADA suggests that a "closed-
loop" device will likely be as diverse and varied as any other diabetes technology. The
oral session on "The Journey to an Viable Artificial Pancreas" displayed devices under development,
ranging from low glucose suspend targeting nocturnal hypoglycemia to bihormonal closed-loop
systems for 24/7 control. We heard multiple perspectives on the optimal design for closed-loop
products: a debate headlined by Dr. Bruce Buckingham (Stanford University, CA) and Dr. Moshe
Phillip (Tel Aviv University, Petah Tikva, Israel) explored whether treat-to-range techniques worked
better than fully closed-loop control. Meanwhile, talks throughout the meeting made it clear that
companies and academic groups are continuing to move products forward in different areas -
everything from low glucose suspend to multi-hormonal, fully closed-loop control is being pursued.

◦ We would not be surprised to eventually see different closed-loop products
for different types of patients - those already in tight control might benefit the most
from a predictive low glucose suspend system, while those who often forget meal boluses
might see the most positive benefits with a fully closed-loop system. Certainly, the wide
breadth of JDRF's recent funding initiatives (supporting multiple closed-loopapproaches)
suggests that there is no one "right" option for patients. This broad swath of initiatives was
most clearly emphasized by JDRF's Dr. Aaron Kowalski in the JDRF/NIH Closed-Loop
Control Meeting. Like in other market spaces, we expect to see variability in what patients
want from their technology (e.g., how much control will they be willing to give over to their
technology? How important is reducing the number of devices [i.e., having an integrated
sensing-infusion device]? Will patients prefer intraperitoneal delivery vs. subcutaneous
delivery?). What will be particularly fascinating to see is how patient selection and
reimbursement will work for these different devices.

◦ Many are still debating whether insulin-only closed-loop systems are enough,
and if not, what hormone should be added next. We note that the day before the
start of ADA 2013, JDRF announced two partnerships (with Xeris and Latitude) to develop
a stable, pumpable glucagon for the artificial pancreas. In our view, glucagon stands to add
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a lot to the artificial pancreas from a safety perspective, though it certainly increases a
system's complexity from an R&D, regulatory, and cost perspective. Stabilizing glucagon is
definitely a challenging scientific hurdle to climb, as many companies have been working
on it for some time. We are optimistic this is coming in the next few years, and we hope to
see players like Novo Nordisk and Lilly jump into the game as well. Speaking of other
hormones, we also have high hopes for amylin, as adding it to insulin in the closed loop
would mimic natural physiology quite well. It will certainly be interesting to see which
group/company with which hormone(s) will be the first to file for regulatory approval, as
well as how one group's experience with the FDA and on the market will impact other
systems under development.

▪ The absence of Abbott and Bayer - both Big Four blood glucose monitoring (BGM)
companies - in this year's exhibit hall speaks to the growing business challenges in the
BGM market. Competitive bidding was a topic of discussion among ADA attendees, as the meeting
took place just days before the July 1 implementation date for the national competitive bidding
program for diabetes supplies. The impact on the BGM industry and on patient care has been
difficult to fully understand, and we were somewhat disappointed not to see formal discussion on
the matter at the 73rd Scientific Sessions. At the 7th Annual Diabetes Forum (presented by TCOYD,
Close Concerns, and diaTribe), Dr. James Gavin (Emory University School of Medicine, Atlanta,
GA) captured the sentiment of many attendees: "I'm not asking ADA to take a position or put it's
neck on the line, but everyone who is interested in and committed to sensible things happening on
behalf of patients in this space, is either at this meeting or could have been at this meeting. To
organize a forum within this meeting that could speak in substantive ways about how we might
develop a focus that could circumvent some of this trend - I'm surprised that this hasn't happened
and quite frankly disappointed." We are already looking to the next major US diabetes conference,
the American Association of Diabetes Educators (AADE) Annual Meeting & Exhibition, and hoping
to see if there is space for such a forum to take place.

▪ In the world of CGM, comparisons between Dexcom and Medtronic were front and
center. One major highlight was Dr. Steven Russell's (Massachusetts General Hospital, Boston,
MA) presentation comparing the Dexcom G4 Platinum, Abbott FreeStyle Navigator, and Medtronic
Enlite (171-OR). Dexcom's accuracy (MARD) came in at an impressive 10.8%, slightly ahead of the
Navigator at 12.3% and far ahead of the Enlite at 17.9%. We were most struck by the lower-than-
expected Enlite accuracy results, which were far lower than the 13.6%-16.3% MARDs presented in
the company's poster at last year's ADA. To us, this underscores the critical importance of
independent, investigator-initiated, head-to-head evaluations of CGM - there are simply too many
differences in study design, data processing, reference methods, patientpopulations, and accuracy
metrics to directly compare accuracy across manufacturer studies. We look forward to seeing future
accuracy data on Medtronic's pipeline of CGM products in development: Enlite 2 (submitted for CE
Mark), its optical sensor, and several redundant sensor products (see here and here of our ATTD
2013 report). As the first ADA with the FDA approved G4 Platinum, Dexcom's exhibit hall booth and
posters focused on data from the device's pivotal study. Particularly notable were the improvements
in hypoglycemia alarm accuracy and detection (391-P), an area enthusiastically highlighted in Dr. Irl
Hirsch's presentation on CGM and hypoglycemia. Last, Dexcom's exhibit hall booth really
underscored the comparisons between its G4 Platinum and Medtronic's Sof-Sensor and Enlite,
headlined by a one-page handout entitled "Accuracy matters." Overall, we're glad to the see healthy
competition between both companies on CGM performance - it stands to bring better products to
patients and improve the overall utility of CGM over the long-term.

▪ A few studies tested CGM in specific populations, though none showed strikingly
positive results; we are optimistic that future trials using newer, next-gen devices will
indeed demonstrate strong benefits. On the type 2 side, Dr. Richard Bergenstal (Park Nicollet
International Diabetes Center, St. Louis Park, MN) presented results from one of the few studies
comparing structured SMBG to CGM data in 104 patients with type 2 diabetes. Both SMBG data
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(Roche Accu-Check 360 View) and CGM data (ambulatory glucose profile) resulted in significant
improvements in A1c and time in range compared to baseline (no between-group difference), but
only CGM reduced the percentage of readings in the hypoglycemic range. Meanwhile, two other
studies disappointingly showed little benefit to wearing CGM in specific populations: the
HypoCOMPaSS trial in patients with impaired hypoglycemia awareness (387- OR) and Dr. Elizabeth
Mathieson's study in pregnant women with type 1 diabetes. Importantly, both used Medtronic's Sof-
Sensor and not the newer (though yet-to-be FDA-approved) Enlite. In the past, Dexcom has
repeatedly mentioned the "lag time" between published clinical trial data and use of next-gen
devices like the Enlite and G4 Platinum - we think this is an especially critical point for a field as new
as CGM, where early perceptions of the technology and data seem to color the field for years to
come. We have no doubt that more trials will emerge in the coming years testing newer-generation
devices - the higher utility of these devices (e.g., better accuracy, reliability, and signal transmission)
stand to show much stronger clinical benefits in our view.

▪ We did not see any landmark new data on investigational CGM systems in
development, though it was encouraging to see movement from several companies.
Roche (172-OR), Senseonics (176-OR), EyeSense (177-OR), and other groups presented data on their
systems in development - in our view, none are ready for prime time quite yet, though it's very
positive to see continued focus on gathering data and presenting it publicly. There's no doubt that
much better products have emerged over time from the early days of CGM, though the perceived
clinical utility of CGM is still too low, and doctors are still not adequately rewarded for helping
patients get on CGM. While the product is well reimbursed, we believe doctor time isn't - that's a
systemic problem that may be challenging for companies to address on a broad scale, though better
next-gen products will certainly go a long way towards empowering parents to better utilize the
technology in the long run. We also think better patient training from companies could go a long
way towards properly setting expectations and optimizing use of CGM. We think an even bigger shift
towards compelling self-training materials (e.g., videos, online assistance, live chat) would be
welcomed by patients new to CGM.

DIABETES DRUGS

▪ While last year's ADA provided the bulk of the glycemic efficacy data for SGLT
inhibitors, ADA 2013 provided a more nuanced view of their action profiles and
benefits for specific patient populations. Notably, we saw the first clinical data on the use of
the SGLT-2 inhibitors dapagliflozin (70-LB) and empagliflozin (1074-P) in type 1 diabetes. While
still in the early stages, these investigations in type 1 appear quite promising and further support the
movement toward using non-insulin agents (such as GLP-1 agonists) in this patient group. On the
SGLT-2 inhibitor front, we also heard new data showing that dapagliflozin improves insulin
sensitivity and secretion (242-OR), that combined A1c and weight reduction is achieved more
frequently with dapagliflozin than with glipizide (236-OR), and that canagliflozin provides greater
reductions in A1c and body weight compared to sitagliptin (238-OR). Lexicon Pharmaceuticals had a
strong showing during the SGLT inhibitor oral sessions, presenting three abstracts. Most notably,
preclinical data for the SGLT-1 inhibitor LX2761 indicated that the drug increases GLP-1 levels (with
or without sitagliptin), decreases postprandial glucose excursions, and improves glycemic control
(240-OR). The two presentations on Lexicon's SGLT-1/SGLT-2 dual inhibitor LX4211 provided
additional details on the phase 2 results that were first released last summer - i.e., that LX4211
reduced systolic blood pressure in a dose-dependent manner (241-OR) and decreased both body
weight and triglyceride levels in patients with elevated weight and triglycerides at baseline
(243-OR).

▪ The discussion of insulin therapy at ADA focused mainly on up-and-coming
compounds, rather than on ways to optimize the use of current products. In a
presentation on new insulin formulations, Dr. Thomas Donner (Johns Hopkins University,
Baltimore, MD) outlined the advantages of both ultra-long-acting insulins (reduced nocturnal
hypoglycemia and less weight gain - or potentially weight loss), as well as ultra-rapid-acting insulins
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(greater reductions in postprandial glucose excursions). His talk covered a range of candidates,
including Novo Nordisk's insulin degludec, Lilly's pegylated insulin lispro, Biodel's BIOD-123
(insulin lispro with citrate and calcium EDTA), and Novo Nordisk's FIAsp. Speaking on alternative
insulin delivery systems -i.e., transdermal, nasal, sublingual, buccal, oral, inhaled, and
intraperitoneal - Dr. William Cefalu (Pennington Biomedical Research Center, Baton Rouge, LA)
placed the greatest focus on oral insulin, noting that several candidates are currently in
development: Biocon's IN-105, Oramed's ORMD-0801 (with new data in poster 1054-P),
Diabetology's Capsulin, Novo Nordisk's oral insulin candidate, and Diasome's hepatic-direct vesicles
(we recently published a review of oral insulins, available at http://www.closeconcerns.com/
knowledgebase/r/5439ad6a). While not presenting new data, Sanofi released a poster and a press
release highlighting the results of EDITION I and EDITION II for it's new U-300 insulin glargine
formulation. Authored by Dr. Matthew Riddle (Oregon Health and Science University, Portland,
OR), the EDITION I poster showed that U-300 was non-inferior to glargine U-100 in lowering A1c,
and that participants on U-300 glargine experienced lower rates of severe or nocturnal confirmed
hypoglycemia (36.1% with U-300 vs. 46.0% with U-100; p=0.0045; 43-LB). As noted in the press
release, topline results from EDITION II were consistent with those from EDITION I with regard to
glycemic efficacy and rates of hypoglycemia. Discussion of Novo Nordisk's insulin degludec
(Tresiba) was noticeably absent during the conference, as the drug received a Complete Response
Letter from the FDA in January (our report on the CRL is available at
http://www.closeconcerns.com/knowledgebase/r/ff79d66b) - we imagine that the next wave of data
on this drug will be presented at EASD 2013 in Barcelona.

▪ There was little groundbreaking data for GLP-1 agonists as monotherapy for type 2
diabetes this year - the most exciting data for this drug class concerned their potential
in type 1 diabetes (liraglutide [1007-P]) and in combination with basal insulin
(IDegLira [65-OR]; see bullet on combination therapy). On the novel GLP-1 front, detailed
results for dulaglutide's AWARD 1, 3, and 5 were presented that expanded on the topline data for
these trials disclosed in October 2012 (66-OR, 69-OR, 71-OR, 1004-P). The top dose of dulaglutide
provided a ~1% additional A1c reduction over placebo, an additional 0.7% reduction over sitagliptin,
and a 0.2% additional reduction (statistically significant) over metformin. Dulaglutide data seemed
strong overall, with adverse event profiles similar to that of other long-acting GLP-1 agonists.
Detailed results of GSK's albiglutide's HARMONY 8 were presented (68-OR) during which
albiglutide provided 0.3% greater A1c reduction than sitagliptin in people with renal impairment.
While Sanofi was supposed to share more information on the functionality of its Lyxumia/Lantus
fixed-ratio combination device (and the problems that it encountered with the fix-flex device), the
company disclosed disappointingly little during the conference call it held during ADA. Also notably,
a phase 1 study of the safety and efficacy of the oral GLP-1 agonist TTP054 (115-OR), found
consistently greater declines in fasting plasma glucose and two-hour postprandial glucose versus
placebo-treated patients, with no hypoglycemic events and with a similar rate of GI adverse events
to the placebo arm. No other oral GLP-1 agonist has reported results yet; we believe that the diabetes
community is in the early stages of seeing GLP-1 use, as considerably more patient- and provider-
friendly means of administering GLP-1 agonists are being developed and commercialized. This
suggests the market will be very interesting to watch from a commercial perspective in the years
ahead, barring any surprises on the pancreatitis/pancreatic cancer front.

▪ DPP-4 inhibitors received the spotlight on Sunday morning in an oral session that
included a range of topics. Pooled data from three phase 3 studies indicated that linagliptin (BI/
Lilly's Tradjenta) has a favorable effect on the composite primary endpoint of cardiovascular (CV)
death, non-fatal stroke, and non-fatal myocardial infarction (HR: 0.78; 95% CI: 0.55-1.12; 376-OR) -
interestingly, Dr. Odd Erik Johansen spent only a fraction of time discussing the CV data, perhaps
because linagliptin's CV outcomes trial CAROLINA (comparing the drug to glimepiride) will provide
more concrete data on the drug's CV effects (though CAROLINA is not expected to finish until
2018). A study of linagliptin in type 2 diabetes patients on hemodialysis included the use of CGM
and found that switching patients from insulin to linagliptin led to marked decreases in mean
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amplitude of glucose excursions (MAGE) while on hemodialysis (374- OR). On the preclinical front,
Dr. Marco Bugliani (University of Pisa, Pisa, Italy) presented in vitro data showing that the DPP-4
enzyme is present in human pancreatic islet cells (primarily alpha cells) and that DPP-4 inhibitors
such as Merck's MK-0626 could have direct protective effects against glucotoxicity and lipotoxicity
(378-OR). Outside of the oral session, a notable poster by Dr. John Buse's (University of North
Carolina, Chapel Hill, NC) group investigated the question of DPP-4 inhibitors and pancreatic
cancer and found no increased risk of pancreatic cancer or any cancer with DPP-4 inhibitors
compared to SFUs or TZDS (111-LB).

◦ Looking forward, we see several major questions for DPP-4 inhibitors: first,
what can we learn from the many CV outcomes trials? The SAVOR-TIMI trial for BMS/
AZ's Onglyza revealed a piece of the puzzle, indicating that Onglyza was non- inferior but
not superior to placebo for reducing CV events. Interestingly, we did not hear as much
discussion on DPP-4 inhibitors and cardiovascular effects as we expected, perhaps since
SAVOR-TIMI did not achieve its ambitious endpoint of superiority or perhaps since most
CVOTs are a few years away from reporting results. Broadly, we arenot surprised
superiority was not reached, given the short time period studied. We wonder if it would be
different had a smaller number of patients been studied over a longer time period (we
recognize this is a fairly theoretical question given the commercial implications of a trial
being longer). Secondly, we're interested in the optimal approach for combining DPP-4
inhibitors with other therapies - we're already seeing movement on this front with the
BMS/AZ Alliance, the Lilly/BI partnership, and the Merck/Pfizer partnership (the latter
which will aim to develop a ertugliflozin/sitagliptin fixed-dose combination), and likely
with yet still others, and we're curious about the possibility of combining a DPP-4 inhibitor
with a GPR40 agonist such as Takeda's TAK-875. (Takeda recently reported topline phase
3 data for the candidate - read our report at http://www.closeconcerns.com/
knowledgebase/r/f66391fa.) Lastly, we'll be keeping a close eye on whether and how the
prescribing patterns for DPP-4 inhibitors change as SGLT-2 inhibitors enter the market -
while SGLT-2 inhibitors come with the added side effect of genitourinary infections, KOLs
have yet to reach a consensus on whether this issue will be a significant barrier for
patients; for now, it certainly seems to be considered a more manageable side effect than
nausea, weight gain, and other side effects associated with other drugs. .

▪ The potential association between pancreatitis and incretins was on the minds of
many. Several talks during corporate symposia on GLP-1 agonists or DPP-4 inhibitors addressed
the topic, reinforcing the opinion that current clinical data are insufficient to suggest taking patients
off of these drugs. Most strikingly, Dr. Vanita Aroda (MedStar Health Research Institute,
Hyattsville, MD) spoke at an independent session where, during Q&A an audience member asked if
she herself would take her patients off of incretin-based therapies at this point. She turned the
question around, and a poll of the very-packed audience found that no one would do this. While this
sentiment likely prevails with endocrinologists, PCPs may find the decision less clear-cut; this
question and other related ones are being explored in a new PCP survey from our sister company
dQ&A (write Richard.wood@d-qa.com for more information). A related question, of course, is
whether a PCP deciding to initiate incretin-based therapies for a patient would instead opt for an
SGLT-2 inhibitor as we await more safety data on DPP-4 inhibitors and GLP-1 agonists. Clearly,
there are competing forces at play since the long-term safety profile of SGLT-2 inhibitors is also
more unknown relative to the incretin profiles.

▪ Combination therapy took center stage for type 2 diabetes drugs for the first time this
year. We noticed more companies venturing beyond metformin combination therapy into the
branded combination therapy realm - while data are still a bit sparse and in their early stages, what
we have seen is impressive. The results for IDegLira (insulin degludec and liraglutide) were some of
the most compelling we saw at the conference: Dr. John Buse presented data from IDegLira's
DUAL-1 (65-OR), during which over 80% of patients taking IDegLira achieved the A1c goal of 7.0%
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or below. IDegLira was better than degludec alone in terms of hypoglycemia (one third less than
with degludec) and weight (slight weight loss, instead of weight gain with Tresiba). Dr. Ralph
DeFronzo's highly-anticipated Triple Therapy results (presented by Dr. Muhammad Abdul-Ghani
[University of Texas Health Science Center, San Antonio, TX]) were another highlight in
combination therapy (72-OR). We thought the results were encouraging (detailed below), though
interpretation is complicated given how unusually well conventional therapy performed.

▪ ADA 2013 provided both high-level and nuanced analysis on navigating the type 2
diabetes treatment paradigm. Taking a targeted approach, Dr. Ralph DeFronzo's study (which
was presented twice during the conference) investigated whether triple therapy (metformin plus
pioglitazone plus exenatide twice daily) provided greater glycemic controlcompared to the
conventional step-wise method previously endorsed by the ADA (metformin followed by subsequent
addition of an SFU and then basal insulin). The study showed compelling results for the triple
therapy approach (an average A1c of 6.0% after 24 months, vs. 6.6% in the conventional therapy
arm, from a baseline A1c of 8.6%) and corroborated the advantages of addressing the
pathophysiological defects underlying diabetes rather than just hyperglycemia. The study also raised
several questions beyond the glycemic efficacy of these two treatment approaches - i.e., how relevant
are the results now that prescriptions for pioglitazone and exenatide twice daily appear to be
decreasing? How can the results of the trial be replicated in a real-world setting? Should specialists
and maybe even PCPs follow the deliberate titration scheme used in the study? We're reminded of
the ADA/EASD position statement - which highlighted the lack of head-to-head data comparing
different therapies or treatment approaches - and hope that future trials will continue to evaluate
treatment methods, as well as the dosing needed to optimize these approaches. On the broader level,
we heard further discussion of the ADA/EASD position statement (by Dr. Anne Peters; our report on
the position statement is available at http://www.closeconcerns.com/knowledgebase/r/4d95e564),
as well as more commentary on the recently- released AACE comprehensive treatment algorithm (by
Dr. Paul Jellinger; our report on the algorithm can be found at http://www.closeconcerns.com/
knowledgebase/r/a331db88). In general, KOLs appear to agree that rather than opposing each
other, the two documents serve different purposes and advantages for different types of HCPs.

▪ Overall progress for diabetes drugs was more incremental this year compared to the
larger leaps seen in diabetes devices - highlights were Elcelyx's NewMet and the use of
type 2 drugs in type 1 diabetes. The late-breaking poster for Elcelyx's NewMet garnered
considerable acclaim (75-LB). This delayed-release version of metformin aims to address two of the
biggest barriers for metformin uptake: renal insufficiency and gastrointestinal side effects. The
company estimates that four million out of the seven million people in the US not on metformin that
could benefit from it are not on treatment because of either of these two factors. Elcelyx's market
research, strikingly, suggests that US payers would support NewMet at price parity with Januvia.
Furthermore, 60% of surveyed physicians blindly rated the product profile of NewMet as
"significantly better" than metformin and indicated that they could see such a product replacing
metformin in more than 40% of patients currently on metformin. We imagine the biggest potential
for NewMet will be in oral combination therapies, in which the current metformin may muddy a
otherwise cleaner side effect profile (e.g., in Janumet or in future combination with SGLT-2
inhibitors). On the topic of repurposing type 2 diabetes drugs for type 1 diabetes, posters on
dapagliflozin (70-LB), liraglutide (1007-P), and Lilly's glucagon receptor antagonist LY2409021
(64-LB) all suggested that these drugs that were initially developed for type 2 diabetes could
considerably reduce insulin requirement for people with type 1 diabetes. We are encouraged to see
this substantial progress here toward gaining an official type 1 diabetes indication for these drugs,
since, as Children with Diabetes' Jeff Hitchcock once said, "Life is lived off label."

▪ Presentations on novel drug development aside from SGLT inhibitors were fairly
sparse this year. No single mechanism in the earlier-stage pipeline stands out yet as the "next big
thing," though there were some promising results presented for Lilly's glucagon receptor antagonist
LY2409021, Takeda's GPR40 agonist TAK-875, and Zealand Pharma's liquid glucagon analog ZP-
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GA-1. Additional phase 2 data for LY2409021 were presented as an oral (112-OR) and poster
(64-LB). In a phase 2 type 2 diabetes trial, the candidate provided a 0.6% or 0.8% placebo- adjusted
A1c reduction at 10 mg and 20 mg doses, respectively, after 24 weeks and mild elevations in liver
transaminases (consistent with previous observations). Meanwhile, an early-stage study in type 1
diabetes suggested it could have the potential to reduce daily insulin requirements. A poster on
TAK-875 (1165-P) suggested that co-administration with glimepiride has the potential to produce
synergistic effects. Zealand Pharma's ZP-GA-1 was a surprise to many - the compound is a new
glucagon analog shown to be stable in a liquid formulation (404- P). It was great to see Zealand now
working on the challenging scientific problem of stabilizing glucagon in solution (joining Xeris,
Biodel, Latitude, and others), an instrumental step in making the product available for the
bihormonal artificial pancreas and more user-friendly rescue products. Also notable was a poster
(1051-P) on Pfizer's hepatoselective glucokinase activator (GKA) that was discontinued in phase 2.
In this study, it demonstrated only modest A1c-lowering efficacy (~0.5% and 0.6% placebo-adjusted
reduction on the top twice-daily and top once-daily doses tested, respectively) with a number of side
effects (16-19% increase in triglycerides [TG] with three patients in the twice-daily group
discontinuing treatment due to TG increases and slight elevations in ALT and AST liver enzymes).

▪ This year's ADA featured a number of substantive debate-style events. The debates
focused on common challenges for health care providers caring for diabetes patients, and were
among the most clinically relevant events on the ADA docket. On Day #2, Drs. Martin Abrahamson
(Joslin Diabetes Center, Boston, MA) and Saul Genuth (Case Western Reserve University,
Cleveland, OH) discussed whether sulfonylureas should remain an acceptable add-on therapy for
type 2 diabetes patients already on metformin. Dr. Abrahamson provided a very thorough
representation of the "pro" argument given that his personal opinion is more qualified than the
presentation topic he was assigned. After their partisan debate statements, the two KOLs came to a
consensus that not all SFUs are created equal, and that most are only appropriate for a select group
of patients early in the disease progression. On Day #4, Drs. Vivian Fonseca (Tulane University
Medical Center, New Orleans, LA) and Parresh Dandona (State University of New York, Buffalo, NY)
squared off regarding the appropriate course of action for type 2 diabetes patients "failing therapy"
with oral agents (in the case of SFUs, we see it as closer to therapy failing patients). Dr. Fonseca
argued that a GLP-1 agonist is the most prudent approach, while Dr. Dandona advocated adding
basal insulin. Here, too, the debaters ended by agreeing on a number of points, namely that a
combination of insulin and GLP-1 agonists could potentially prove most effective. Finally, on
Tuesday, Drs. Cara Ebbeling (Children's Hospital Boston, Boston, MA) and Michael Rosenbaum
(Columbia University, New York, NY) debated whether low carbohydrate diets are helpful for
maintaining weight loss. We look forward to more debates at future conferences, as they seemed to
galvanize audience enthusiasm and bring forward some great questions from the floor. Nonetheless,
we could not help but notice that the perceived strength of the debaters' arguments was a function of
their style as well as their arguments' substance. We would also like to see the ADA encourage
speakers to disclose their true opinions in addition to the side of the argument they are assigned to
present.

OBESITY

▪ ADA 2013 marked the first Scientific Sessions in 13 years with new FDA-approved
anti-obesity medications on the market. Vivus and Eisai are each deep in the throes of
commercializing their drugs (Qsymia and Belviq, respectively) in a market that is still in the early
development stage. These milestone launches were signified by the presence of each company's
booths in the Exhibit Hall, Vivus- and Eisai-sponsored product theaters, and a Vivus-supported
CME. Eisai's presence was particularly noteworthy, as Belviq was only launched on June 7,
2013(nearly a year after being approved by the FDA due to the drug needing to be scheduled by the
Drug Enforcement Agency).

▪ Though commercialization of the new anti-obesity drugs has been challenging, we saw
several encouraging signs for the market. In Eisai's product theater, Dr. Caroline
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Apovian (Boston University Medical Center, Boston, MA) convinced 53% of audience
members to reconsider delaying obesity pharmacotherapy for obese or overweight
patients. Vivus-sponsored and -supported events featured well-respected diabetes KOLs
encouraging endocrinologists to consider prescribing anti-obesity pharmacotherapies. For example,
Dr. James Gavin (Emory University School of Medicine, Atlanta, GA) led Vivus' product theater on
Qsymia, and Dr. Ralph DeFronzo (University of Texas Health Science Center, San Antonio, TX)
joined obesity experts at the podium of Vivus' CME. We believe diabetes KOLs' growing presence at
these events highlights that endocrinologists are likely to become thought leaders in the obesity
field. Additionally, the highly respected family physician Dr. Michelle Look (San Diego Sports
Medicine and Family Health Center, San Diego, CA) voiced strong support for the use of Qsymia and
Belviq; we will be interested to see if more generalist KOLs will also join Dr. Look. PCPs are a vital
group in the fight against obesity, and we were concerned leaving the American College of
Physician's annual meeting (Internal Medicine 2013) that PCPs were being dissuaded from
prescribing Qsymia and Belviq by some presenters.

▪ Presentations on obesity pharmacotherapies tended to be factual recounts of Qsymia
and Belviq's labels, with few opinions conveyed and little focus on drugs in
development. Several presentations repeated slides from one another or rehashed talks we saw at
prior conferences. Indeed, Dr. Robert Eckel (University of Colorado, Aurora, CO) noted in the panel
discussion following his presentation that he was careful to keep his description of each drug factual
since he wanted attendees to decide for themselves which drug to use. Fortunately there were a few
exceptions to this trend. For example, during the same panel discussion Dr. Eckel later remarked
that he did not think 3.0 mg liraglutide's (Novo Nordisk's Victoza for obesity) side effects were worth
its weight loss benefit, or at least were "limiting."

▪ Similar to the past two years, there were no oral sessions on obesity drugs, and there
was little discussion on new clinical developments. We did, however, see several posters on
anti-obesity candidates, mostly post hoc analyses of the phase 3 programs for Vivus' Qsymia
(phentermine/topiramate), Orexigen's Contrave (naltrexone/bupropion), and Arena/Eisai's Belviq
(lorcaserin). A post hoc analysis of the phase 3 CONQUER study for Qsymia found that in patients
with baseline dysglycemia, Qsymia still led to a mean weight loss of 7.6%- 11.6% across all BMI
categories (2103-P). A similar analysis found that Qsymia provided significant improvements in
glycemic parameters, with greater weight loss associated with greater glycemic benefits (2121-P).
Additionally, two post hoc analyses of Contrave's four phase 3 trials found that Contrave was
similarly efficacious across a broad range of baseline BMIs (1130-P) and that Contrave provided
significant improvements in quality of life (1056-P). A post hoc analysis of Belviq's phase 3 program
found that patient responder status at week 12 (i.e., whether or not a patient achieved ≥5% weight
loss) strongly predicted weight loss at week 52, thus providing evidence to support Belviq's 12-week
stopping rule in patients not achieving ≥5% weight loss (2117-P). With regard to novel obesity
therapeutics, one notable poster presentation was on early phase 2 data for Zafgen's MetAP2
inhibitor, ZGN-440 (beloranib). The highest dose of ZGN-440 provided up to 10 kg (22 lb) of weight
loss after 12 weeks - a striking result for sure, though we'd note that the study population was fairly
heavy at baseline and the poster presented results of the per-protocol population.

▪ The Monday of ADA included a symposium dedicated to the Look AHEAD trial, which
compared the effects of intensive lifestyle intervention (ILI) vs. diabetes support and education
(DSE) on cardiovascular (CV) risk in ~5,000 obese or overweight type 2 patients. As a reminder, the
study was terminated prematurely, as it failed to show a difference in the primary endpoint (major
cardiovascular events) between the two trial arms. After an introductory presentation on the study
design, Dr. Rena Wing (Brown University, Providence, RI) presented the CV results, highlighting
that while ILI did not reduce the risk of cardiovascular morbidity or mortality, it did lead to
significant and sustained weight loss, as well as improvements in fitness, A1c, systolic blood
pressure, and HDL. Regarding microvascular complications, ILI reduced the risk of chronic kidney
disease and provided favorable effects on several parameters of kidney function. The Look AHEAD
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symposium also included thought-provoking talks on the effects of ILI on healthcare costs and on
quality of life - two key but often overlooked study endpoints. Regarding quality of life - specifically
depression - ILI reduced the risk of progression to mild or more severe symptoms of depression by
20% versus DSE, as assessed by the Beck Depression Inventory (BDI) score. Dr. Lucy Faulconbridge
(University of Pennsylvania, Philadelphia, PA) remarked that this data represents the strongest
evidence to date that ILI may protect overweight and obese individuals from depression.

ADDITIONAL TOPICS

▪ We were somewhat disappointed at the lack of substantive sessions on diabetes and
obesity prevention. Remarkably little new information on the subject was shared, and the limited
number of relevant presentations generally reiterated old information. There were a few bright
spots: on Days #2 and #3, Outstanding Educator in Diabetes award winner Dr. Ann Albright (CDC,
Atlanta, GA) gave an energizing set of talks on the importance of prevention. She promoted the
National Diabetes Prevention Program, and argued that prevention can happen at the community as
well as the individual level. A comprehensive Day #2 symposium on the cost benefits of diabetes
prevention also provided convincing arguments in favor of prevention. Throughout the conference,
various KOLs also brought up the results of the Diabetes Prevention Program and Look AHEAD
studies. On the whole, however, prevention was far from a major topic at this year's ADA. We feel
that the endocrinology and diabetology community is responsible for leading the field in advocating
prevention, and we hope to see more attention paid to the topic at future events.

▪ In their respective trials, the type 1 diabetes cure immunomodulatory therapies
discussed at ADA all failed to meet their primary outcomes. In a distant corner of the
conference hall (a sign en route encouraged attendees to "keep walking"), presenters in a symposia
on candidates in clinical development dedicated much of their time to highlighting positive safety
data and noteworthy sub-analyses as evidence that their therapies could still be efficacious for some
patients. For example, in the early phase 2 START trial (n=66), anti- thymocyte globulin (ATG)
therapy did not significantly delay two-hour C-peptide AUC decline over the course of 12 months.
However, 22-35 year-olds old faired better on the treatment (compared to their younger
counterparts) - they trended strongly toward C-peptide preservation, suggesting that statistical
significance could potentially be achieved with a longer trial.

◦ We were particularly frustrated to learn that poor trial execution could
potentially explain why alefacept did not have a significant impact on C-
peptide levels in the phase 2 T1DAL Study (n=66) - the trial only enrolled 75% of its
target because the manufacturer (Astellas) decided to discontinue the drug forbusiness
reasons. This led Dr. Mark Rigby (Indiana University School of Medicine, Indianapolis,
IN) to suggest that the drug might be efficacious, as the trial was statistically
underpowered. Unfortunately, there are few second chances for candidate therapies and
we hope researchers will work to prevent tragic trial design and execution flaws, which
preclude serious discussions of therapies' benefit/risk profiles' (i.e., one can not weight the
risks and benefits of alefacept if the trial is not even completed and enrolled as designed!).
At prior conferences, KOLs have commented that teplizumab and oral insulin might also
have been victims to poor trial design. These presentations left us feeling all the more
grateful for the artificial pancreas' (AP) positive data, which stands to notably improve
outcomes in the very near-term while patients wait for a biological cure. We also
remember that this recent boom of progress in the AP followed many years of grueling and
disappointing work, perhaps similar to what researchers in immunomodulation are
experiencing now.

EXHIBIT HALL

▪ The ADA 2013 exhibit hall featured new product launches from a number of
companies. Eisai's Belviq was launched for the first time following nearly a year wait for the Drug
Enforcement Agency (DEA) to schedule the drug. This year's ADA also represented the true launch
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of Invokana, the company's new SGLT-2 inhibitor - the drug was featured strongly in J&J's large
booth and was positioned as the "first and only SGLT-2 inhibitor approved in the USA." On the
device side, Insulet's circular blue-and-green booth was all about the new OmniPod, with ADA 2013
representing the company's first large US meeting following FDA approval last December. Finally,
BD launched its EasyFlow pen needle technology at ADA (one of our favorite demonstrations in the
exhibit hall), while NeuroMetrix showcased its recently approved Sensus device for the management
of diabetic peripheral neuropathy.

▪ This Exhibit Hall lacked some of the spectacle of its predecessors, with the products
and information supplemented with relatively little by way of giveaways or live
entertainment. Although we're now a few years removed from the "golden age" of Exhibit Hall
giveaways - when attendees sometimes filled entire ADA bags to the brim with swag from various
booths! - this year felt more austere by Exhibit Hall standards. There have been tightened
restrictions on corporate giveaways so that main items given away seem to be ones that can be
consumed onsite or those that are educational; in practice, this meant that espresso machines could
seemingly be found every 20 feet. Frozen yogurt and bowls of apples were also spotted in multiple
booths. We noted that there was also significantly less on-site entertainment than in years past - for
instance, the splashy live quizzes that were such a big part of the experience at last year's Exhibit
Hall were now played on rather less obtrusive tablet devices. The focus is squarely on product
awareness - though this is likely in response to tightening budgets, this is where the focus should be,
as long as just as many HCPs are being drawn into booths. There was at least one highly entertaining
exception that we kept hearing about (and then saw) all day, as Insulet enlisted the services of
corporate magician Charles Greene III to perform card tricks - complete with bell sound effects,
because "OmniPod has a ring to it" - in front of their exhibit.

▪ Regarding social media presence, we found that most companies have not yet tapped
into the full potential of various social media platforms (Facebook, Twitter, and
others) as part of their Exhibit Hall efforts. When we asked booth representatives about
social media, they were more often than not unfamiliar with the broader social media presence of
their company, which we speculate is because companies partition their sales team onthe ground
from their marketing and outreach team; even in those booths that had their social media person
present, we generally found that other reps could not speak to the online presence of their company.
That social media related to their products was not part of the prepared talking point repertoire
suggests to us that social media has yet to permeate the consciousness of most companies at ADA.
Someday, we'll be at an ADA where contacts will tell us what they're most excited about from their
online outreach, but we're not quite there yet. There were some exceptions to this - Sanofi and
Medtronic were particularly impressive in their social media efforts - and these are noted in the
company-specific entries, which also include brief analyses of the company's Twitter and Facebook
presences; all statistics are accurate as of June 22.
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Oral Sessions: Gastrointestinal Regulation of Glucose Metabolism

Oxyntomodulin Has Significant Acute Glucoregulatory Effects Comparable to Liraglutide
in Subjects with Type 2 Diabetes (186-OR)

Oral Sessions: Novel Metabolic Mediators of Energy Homeostasis

The Mitochondrial Target of Thiazolidinediones (MTOT): A New Taret for Insulin
Sensitizers (30-oR)

Oral Sessions: Gastrointestinal Regulation of Glucose Metabolism

Eradication of Gut Microbiota-Effect on Postprandial Glucose Metabolism (192-OR)

Posters

Delayed-Release Metformin May be Suitable for Use in Diabetes Patients with Renal
Impairment Who Are Contraindicated for Currently Available Metformin Formulations
(75-LB)
A Novel Glucagon Analogue, ZP-GA-1, Displays Increased Chemical and Physical Stability
in Liquid Formulation (404-P)
A Euglycemic Clamp Pilot Sutdy Assessing the Effects of the Glucagon Receptor
Antagonist LY2409021 on 24-H Insulin Requirement in Patients with T1DM (64-LB)
Pharmacokinetics (PK) & Pharmacodynamics (PD) of Fasiglifam (The GPR40 Agonist
TAK-875) and Glimepiride Following Co-Administration in Subjects with Type II
Diabetes Mellitus (T2DM) (1165-P)
The Hepatoselective Glucokinase Activator (GKA) PF-04991532, Lowers HbA1c After
12-Weeks of Dosing in Patients with Type 2 Diabtes (T2DM) (1051-P)

Symposium: New Therapeutic Targets in Type 2 Diabetes Mellitus (Supported by BI and
Lilly)

Targeting Glucose Absorption and Excretion
Targeting the Pancreas
The Role of Inflammation in Adipose Tissue and Skeletal Muscle of Type 2 Diabetes
Targeting Insulin Resistance

Symposium: The Future of Exercise Mimetics-New Insights Into Mechanisms of Exercise

Resveratrol - Mimetic for Calorie Restriction or Exercise?

Symposium: China Medical Tribune Symposium-Updating Diabetes Research in China-From
Bench to Real World
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Treatment of Diabetes by MicroRNA-145 Targeted Therapy

Corporate Symposium: Targeting Glucagon in Type 1 and Type 2 Diabetes Mellitus
(Sponsored by Eli Lilly and Company)

New Frontiers in Incretin Therapy: The Contribution of Alpha Cell Suppression
"Glucagon" The Forgotten Hormone
Direct Targeting of Glucagon Signaling in Type 2 Diabetes: Defining the Potential
Panel Discussion

Basic Science
Special Lectures and Addresses

Banting Medal for Scientific Achievement Award Lecture: Genetics of Diabetes - A
Personal Journey of Discovery

National Scientific & Health Care Achievement Awards Presentation and Outstanding
Scientific Achievements Award Lecture

Insulin Action - Beyond Its Classic Targes (Sponsored by an Educational Grant from Lilly
USA, LLC)

Oral Sessions: Pathways to Beta Cell Apoptosis

State-of-the-Art Lecture - New Insights Into Islet Apoptosis (IB-OR01)

Oral Sessions: Preclinical Metabolism-Macronutrients, Muscle, and Other Hormones

Functional Assessment of SGLT3A, SGLT3B, SGLT4, and SGLT5 in Glucose and Fructose
Metabolism Using SGLT Knock-Out Mice (40-OR)

Oral Sessions: Applications of Exome and Whole Genome Sequencing

Whole Genome Sequencing to Identiy Variants Influencing Pre-Diabetic Traits (323-OR)

Oral Sessions: The Good, the Bad, and the Brown Fat

Resveratrol Improves Insulin Sensitivity in Concert with Reduced Inflammation and
"Browning" of White Adipose Tissue in Obese, Insulin Resistant Human (99-OR)

Oral Sessions: Fat-The White and the Brown

Pharmacological Induction of PGC-1A by HSP90 Inhibitors (138-OR)

Meet the Expert Sessions

Lipotoxicity and the Beta Cell in Type 2 Diabetes - Bench to Bedside

Symposium: Islet Autotransplantation Following Total Pancreatectomy for Chronic
Pancreatitis-State-of-the-Art

Current Pathophysiology of Chronic Pancreatitis Informed by Human Genetics

Symposium: Lipid Signaling in the Beta Cell

Lipotoxicity and Insulin Secretion vs. Sensitivity in Type 2 Diabetes
Free Fatty Acids and Beta Cell Proliferation

Symposium: Milking the Genome-Wide Association Study (GWAS)-Practical Applications for
Metabolic Disease

Identifying Protective Metabolic Profiles and Pathways
Bioinformatic Insights into Diabetes (EG-SY02)
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Symposium: What's New in In Vivo Metabolism Study Methods? Informatics, Biomarkers,
and Imaging

Novel Indices of Glucose Metabolism: A Historical Perspective of Where We Were and
Where We Are Going

Symposium: What's New in In Vivo Metabolism Study Methods? Informatics, Biomarkers,
and Imaging

Glucose Turnover Methodology 101

Research Funding
Meet the Expert Sessions

National Center for Advancing Translation Sciences (NCATS), the Clinical and
Translational Science Awards (CTSA) Program and You - Evolving Strategies to
Accelerate Translation of Research from Academia to Communities
The NIH in the Era of Budget Cuts - Where Is the Future?

Cardiovascular Disease and Other Complications
Oral Sessions: Epidemiology of Diabetes Complications and Mortality

Validation of UKPDS Risk Engine Predictions Among Patients with Type 2 Diabetes
Routinely Managed in UK Primary Care (276-OR)
Glycemic Burden and Risk of Cardiovascular Disease (277-OR)
The Impact of HbA1c Level on All-Cuase and CVD Mortality in Patients with Diabetes
(278-OR)
Hospitalizations Due to Severe Hypoglycemia in Patients with Type 1 Diabetes: A US
National Perspective 279-OR

Oral Sessions: Macrovascular Disease in Diabetes-Clinical Studies

Does HbA1c Variability Affect Coronary Artery Disease (CAD) Risk and Its First
Manifestation? (345-OR)
A Novel Variant for T2DM at 7Q32 Predicted New Onset Coronary Heart Disease in An
8-Year Prospective Chinese Cohort of Type 2 Diabetes (346-OR)

Oral Session: Advances in the Pathogenesis and Treatment of Diabetic Retinopathy

Earlier Treatment is Important in Diabetic Macular Edema: Outcomes From Phase III
Trials of Intravitreal Ranibizumab (161-OR)

Oral Sessions: Advances in the Pathogenesis and Treatment of Diabetic Retinopathy

Does Diabetic Retinopathy Progress Following Bariatric Surgery in Persons with Type 2
Diabetes? (155-OR)

Oral Sessions: The Broad Spectrum of Diabetic Neuropathies from Cell Culture to Man

Peripheral Sensory Neuropathy is an Important Indicator of Mortality in People with
Diabetes (56-OR)

Meet the Expert Sessions

Diabetic Nephropathy - More Currently Known as "Diabetic Kidney Disease"
Panel Discussion: The Retina, The Kidney, and the Nerve - Clinical and Basic Questions

Symposium: DCCT/EDIC 30th Anniversary Symposium-Contributions and Progress

Introduction and Overview
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Cardiovascular Update
Nephropathy Update
Neuropathy Update
Retinopathy Update
Musculoskeletal Abnormalities - An Under-Recognized Complication
Summary and Future Directions

Symposium: Nonprescription Therapies for Diabetes Mellitus

An Update on the ORIGIN Trial and What We Know About Omega-3 and Diabetes
Mellitus

Symposium: New Insights Into Treatment of Diabetic Retinopathy and Other Complications

The Medalist Study
Novel Pharmacotherapies
The Importance of Glucose and Lipid Control in Retinopathy

Symposium: Joint ADA/AACC Symposium-Newer Biomarkers in Diabetes-Do They Add
Value?

Predicting Cardiovascular Risk in Diabetes - Are Emerging Markers Better Than Lipids?

Symposium: The Kidney's Unholy Triad-Obesity, Hypertension, and Hyperglycemia

Adiposity - What's Fat Got To Do With The Kidney
Hyperglycemia 101 - What's Different with Chronic Kidney Disease?
Hypertension in Diabetes - What's Really Known?

Symposium: Joint ADA/ASN Symposium-From Mice to Men and Back in Diabetic Kidney
Disease

Transcending Between Species - Transcriptomics

Symposium: So Your Patient Has Diabetic Kidney Disease-Now What?

Diabetic Kidney Disease: Cardiovascular Risk Implifier - What Works, What Doesn't?

Symposium: Sleep-A Novel Behavioral Target in Diabetes?

Sleep and Glucose Regulation - Behavioral and Physiological Linkages

Symposium: Defective Hypoglycemia Counterregulation and Associated Autonomic Failures
in Diabetes Mellitus-Mechanisms, Prevention, and Reversal

Mechanisms Involved in Hypoglycemia Unawareness in Diabetes Melltius

Symposium: Inflammation, Cardiovascular Disease, and Diabetes (Supported by Merck)

Insulin Resistance and Cardiovascular Disease - A Common Pathophysiologic Link
Through Inflammation?

Symposium: Diabetes in Older Adults (Supported by an independent educational grant from
Boehringer Ingelheim Pharmaceuticals, Inc. and Eli Lilly and Company)

Impact of Diabetes on Cognitive Function in the Elderly

Interest Group Discussions: Professional Section Interest Group Discussion on
Complications

Comparing and Contrasting Outcome Stdies of Intensive Therapy in Type 1 vs. Type 2
Diabetes: Patient Characteristics and Outcomes in the DCCT/EDIC Trial
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Risks vs Benefits of Intensive Glycemic Control in Type 2 Diabetes: Lessons From
ACCORD, UKPDS, and ORIGIN
Panel Discussion

Interest Group Discussions: Professional Section Interest Group Discussion on Exercise

Does Physical Activity Affect Diabetes-Related Outcomes Independent of Weight Loss?
Panel Discussion

Corporate Symposium: New Frontiers and Emerging Treatment Paradigms for Optimizing
Cardiovascular Outcomes in Type 2 Diabetes (Sponsored by BMS/AZ)

The Burden, Epidemiology, and Challenges of CVD Risk Reduction in T2D: Critical
Interfaces Among Diabetes, Macrovascular Disease, and Treatment Strategies for
Multimodal CV Risk Reduction - The Diabetes Specialist's Perspective
Targeting the Diabetic Heart - Prevention of Cardiovascular Morbidity and Mortality in
T2D: The Current Landscape of Macrovascular Disease Risk Reduction in Diabetes -
What Works? What Doesn't? What Might Work?
Cardiovascular Biology of the Incretin System: The Scientific and Mechanistic Rationale
for GLP-1 Agonism and DPP-4 Inhibition to Reduce CV Risk in Diabetic Patients
From Incretin-Based Mechanism to Cardiovascular Outcomes: Emerging Data and
Evolving Clinical Investigations Focusing on the Role of GLP-1 Agonists and DPP-4
Inhibitors on CV Risk Reduction in Diabetic Patients
New Therapeutic Strategies for CV Risk Reduction Based on SGLT-2 Inhibition:
Mechanisms, Evidence, and Rationale for Achieving HbA1c Target Goals and Optimizing
Cardiometabolic Statusand Optimizing Cardiometabolic Status
Chairman's Summary and Vision Statement: Emerging Strategies for Cardiovascular
Disease Reduction in the Setting of T2D - A Year 2013 Science-to-Practice Update
Panel Discussion

Corporate Symposium: Optimizing Vascular Outcomes in T2DM: Collaboration for Quality
Care (Sponsored by Genentech)

What Defines Quality Diabetes Care?
The Science of Multifactorial CV Risk Reduction: Focus on Retinal Health
Focus on CV Outcomes

Obesity Pharmacotherapies
Posters

Combination Naltrexone/Bupropion Therapy Resulted in Clinically Meaningful
Improvements in Weight and Quality of Life - Integrated Analysis of Four Phase 3 Trials
(1056-P)
An Integrated Analysis of Weight Loss with Combination Naltrexone/Bupropion Therapy
by BMI (Obesity) Classification (1130-P)
Weight Loss with Phentermine and Topiramate Extended-Release and Changes in
Glycemic Parameters in Overweight and Obese Adults with Dysglycemia and Stratified by
Baseline Body-Mass Index (2103-P)
Changes in Glycemic Parameters and Antidiabetic Medication Use by Degree of Weight
Loss with Lifestyle Modification and Phentermine/Topiramate Extended-Release
(2121-P)
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Lorcaserin HCL Phase 3 Trials in Obese and Overweight Patients: Week-52 Outcomes for
Those Achieving at Least 5% Weight Loss at Week 12 (Responders) (2117-P)
A Novel Methionine Aminopeptidase 2 (METAP2) Inhibitor, Appeared Safe and Showed
Dose Responsive Weight Loss Over 12 Weeks in Interim Analysis of Ongoing Phase 2
Trial (188-LB)

Symposium: Pharmacologic Management of Obesity

The New Agents and Their Place in Therapy
Past Efforts At Pharmacologic Intervention - The Good, The Bad, and The Ugly
A Practical Overview of the Neuroscience of Obesity
Panel Discussion

Symposium: Obesity Management for the Practicing Clinician

How Should the Newer Agents be Incorporated into Practice?

CME Event: Beyond the Basics: Addressing Obesity in Your Patients with Type 2 Diabetes
(Supported by Vivus)

Making the Connection: The Link Between the Pathophysiology of Obesity and T2DM
Selecting the Appropriate Intervention for Overweight Patients with Type 2 Diabetes
Adding Medication to the Mix: Using Therapeutics to Treat Obesity
Panel Discussion

Product Theaters

A Novel Treatment Option for Chronic Weight Management (Sponsored by Eisai)
Chronic Management of Obesity - The Role of a Unique, Once-Daily Treatment
(Sponsored by Vivus)

Metabolic Surgery
Oral Sessions: Gastrointestinal Regulation of Glucose Metabolism

Increased Islet Cell Secretory Capacity After Gastric Bypass in Patients with T2DM but
Not Controls: Results of the Longitudinal Assessment of Bariatric Surgery (LABS)
Diabetes Substudy (190-OR)
Diffferential Effect of GLP-1 Receptor Blockade After Roux-en-Y Gastric Bypass on
Glucose Metabolism Compared to Weight-Matched Non-Diabetic Subjects (189-OR)

Meet the Expert Sessions

Clinical Management of Patients Post-Bariatric Surgery

Symposium: Improving Glucose Metabolism With Bariatric Surgery-Mechanisms of Action

Mechanisms Involved in the Metabolic Improvements and Prevention/Delay of Diabetes
Onset by Bariatric Surgery
Role of Bile Acids in the Mediation of Weight Loss and Glucose Tolerance (2-OR)

Symposium: Joint ADA/EASD Symposium-Metabolic Effects of Bariatric Surgery- How Low
Can You Go?

Clinical Trial Outcomes of Bariatric Surgery for Type 2 Diabetes
Effects of Bariatric Procedures on Insulin Secretion and Beta Cell Function
Gut Brain Axis Post-Bariatric Surgery
Gut Microflora Responses and Metabolism to Bariatric Surgery

Symposium: Exercise as Adjunct Therapy for Insulin Sensitivity and Diabetes
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Does Exercise Provide Additional Benefits to Cardiometabolic Risk Following Bariatric
Surgery?

Symposium: Obesity Management for the Practicing Clinician

A Practical Approach to Current Endoscopic and Surgical Options

Lifestyle Intervention for Obesity
Oral Sessions: New Findings from Controlled Behavioral Interventions

Impact of Weight Loss on Patient-Reported Outcomes in Obese Type 2 Diabetes (1-OR)
Weight Loss in Primary Care: 2 Year Results of the Shine Telephone DPP Translation
(3-OR)
Telemedical Coaching for Weight Loss - A Randomized Controlled Trial (7-OR)

Symposium: Obesity Management for the Practicing Clinician

How to Make Lifestyle Interventions Effective

Current Issues: Keeping Weight Off-Does Diet Macronutrient Composition Matter? Pros and
Carbs

CON - Benefit of Low-Carb Diets During Weight Loss Maintenance
Pro - Macronutrient Content Doesn't Matter (Much)
Panel Discussion

Symposium: Dietary Sweeteners-Research, Recommendations, and the Real World

Metabolic Effects of Fructose and Dietary Sugars - Should There Be a Limit?
Nonnutritive Sweeteners - Current Use and Health Perspectives
Regulating Consumer Behavior - A Sweet Success with Soda?
Surose and High Fructose Corn Syrup - Effects on Obesity, Diabetes Risk, and Fattty
Liver Disease in Children

Obesity Pathophysiology, Comorbidities, and Epidemiology
Special Lectures and Addresses: Kelly West Award for Outstanding Achievement in
Epidemiology Lecture (Supported by Merck)

Central Obesity - Cause or Correlate in Type 2 Diabetes and the Metabolic Syndrome?

Oral Sessions: Obesity-Related and Other Novel Predictors of Diabetes

The Effects of Weight Loss on Estimated CVD Risk in Obese Adults With and Without
Diabetes (79-OR)
Comparison of Significance of Body Weight (BW) Change Associated with Subsequent
Type 2 Diabetes (T2DM) Risk in Different Periods of Adulthood a Meta-Analysis (81-OR)
Trends in All-Cause Mortality in Mid-Life Over Four Decades: Effect of Adolescent Body-
Mass Index (82-OR)
Different Patterns of Obesity Development Are Related to Different Mechanisms of T2D
(80-OR)

Symposium: Bugs Inside and Out

Genetic Links Between Obesity and the Microbiome
Microbiome and Metabolism

Symposium: Metabolically Healthy Obesity (MHO) and Metabolically Obese Normal Weight
(MONW)-New Insights and Advances. Does Exercise Provide Additional Benefits to
Cardiometabolic Risk following Bariatric Surgery?
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Implications of MHO and MONW on Development of Diabetes and Mortality

Anti-Obesity Treatment Selection
Symposium: Obesity Management for the Practicing Clinician

Grading Obesity and Selecting Appropriate Patients for Intervention

Healthcare Delivery, Lifestyle, and Prevention
Special Lectures and Addresses

President, Medicine, & Science Address: The Epidemic - Are We Ready to Meet the
Challenge?
Outstanding Educator in Diabetes Award Lecture: Diabetes Prevention and Management
- The Thrill is Not Gone (Supported by Lilly)
President, Health Care & Education Address: Improving the Lives of All People with
Diabetes: What Can You Do to Stop Diabetes?

Oral Sessions: Improving Health Care Delivery

Lifestyle Change Works in a Large National Healthcare System (206-OR)
Cross-Country Comparisons on Barriers and Resource for Optimal Care: The Healthcare
Provider Perspective in the DAWN2 Study

Oral Sessions: Cost-Effective Health Care/Economics

Opportunistic Screening for Prediabetes and Undiagnosed Diabetes in The Era of
Electronic Health Records (265-OR)
Prevalence and Factors Associated with Hospital Re-Admissions Among Elderly Medicare
Beneficiaries with Type 2 Diabetes Mellitus (T2DM) (262-OR)

Oral Sessions: The Broad Spectrum of Diabetes Education - Strategies for Delivery

DVD and Face-to-Face Delivery of Lifestyle Intervention for Diabetes Prevention are
Effective Reardless of the Setting (305-OR)
Exploring Diabetes Education and Information: Perspectives of Family Members of
People with Diabetes (DAWN2 Study) (309-OR)
The Effect of a Diabetes Education Programme (PRIMAS) For People with Type 1
Diabetes: Results of a Randomized Trial (310-OR)
Relationship Between Diabetes Education and Readmissions in Patients with
Hemoglobin A1c >9% (311-OR)

Oral Sessions: From Nutrients to Meals - How Food Affects Diabetes Control

The Efficacy of Carbohydrate Counting in Type 1 Diabetes: A Systematic Review and
Meta-Analysis (164-OR)

Meet the Expert Sessions

Linking Clinical Care and Community Interventions in Diabetes Prevention and
Management
Diabetes In Asian Americans - Clinical Strategies

Symposium: Primary Results of the Look AHEAD Randomized Controlled Trial of a Lifestyle
Intervention in Overweight and Obese Individuals With Type 2 Diabetes

Introduction
Impact of a Lifestyle Interventions on Diabetes Control and Microvascular Complications
Impact of a Lifestyle Intervention on Cardiovascular Events
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Impact of a Lifestyle Intervention on Health Care Costs and Utilization
Impact of a Lifestyle Intervention on Depression and Quality of Life

Symposium: The Future Is Now - Changing Health Care Delivery Models

Session Overview
Innovative New Models of Care - The Joslin Perspective
Expanding Diabetes Expertise Within Primary Care - A Novel Role For the
Endocrinologist

Symposium: Behavioral Science Contributions to Understanding Diabetes (With Richard R.
Rubin Award Lecture)

Preliminary Findings of the 2nd Diabetes Attitudes, Wishes, and Needs (DAWN2) Study
Rationale, Objectives, and Methods of the 2nd Diabetes Attitudes, Wishes, and Needs
(DAWN2) Study
A Tribute to Dr. Richard R. Rubin

Symposium: NDEP Symposium - New Science - Implications for Diabetes Care

Introduction/Highlights of Current NDEP Activities
How New Science is Shaping NDEP's Message and Materials
New Science About Weight Management in Diabetes
Health Care Professional/Patient Communication - Effectiveness in Diabetes Outcomes
Systems of Care - Implications for Diabetes Management
Panel Discussion

Symposium: Education Recharged - Diabetes and Technology

Emerging Diabetes Technologies - Heath Outcomes and Challenges in Their
Implementation?
Using Mobile Health to Prevent Diabetes and Cardiovascular Disease
Advancing Patient Engagmeent Via eHealth
Using Technology for the Prevention and Treatent of Diabetes

Symposium: Intensifying Therapy Using Technology and Teams

Reducing Clinical Inertia Through an Insulin Clinic

Symposium: Closing the Communication Loop - Technology Update in Pediatric Diabetes

Use of Social Media in Pediatric Diabetes
Importance of Interpersonal Communication

Symposium: ADA Education Recognition Program Symposium - Making a Case for Diabetes
Education - The Use of a National Diabetes Education Database

Introduction
Chronicle Diabetes - The Track to Improved Diabetes Education Data
Impact of Diabetes Education in ADA Recognized Programs As Evidenced in Chronicle
Diabetes
Chronicle Diabetes - What It Can and Can't Tell Us About Patients Receiving Diabetes
Self-Management Education and Support
Panel Discussion

Symposium: China Medical Tribune Symposium - Updating Diabetes Research in China -
From Bench to Real World
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One-Year Cluster-Randomized Trial of Collaborative Care for Type 2 Diabetes Compared
with Usual Care at Community and Hospital - A Shanghai Sample

Symposium: What Influences Patients' Risk Perception and Decision Making for Diabetes
Prevention and Control?

Risk Communication and Decision Making for Diabetes Prevention and Control
Behaviors in the Social Network
Diabetes Risk Assessment Tools - Use and Performance
Does Knowledge of Genetics or Family History of Diabetes Influence Prevention or
Control of Behaviors?

Symposium: A Brave New World - Self-Management Support in the Community

Parent Perceptions - Who Can Deliver Diabetes Care in the School?
Peer Support and Diabetes Self-Management - Lessons From Peers For Progress

Symposium: Exercise as Adjunct Therapy for Insulin Sensitivity and Diabetes

What is the Minimal Amount of Exercise I Have To Do?

Symposium: Current Concepts in Nutritional Epidemiology and Metabolic Risk

Overview of Nutritional Policies to Reduce Metabolic Risk
Behavioral Economic Nutrition Interventions to Reduce Metabolic Risk
Hot Topics in Nutritional Risk Factors for Type 2 Diabetes

Symposium: Sleep - A Novel Behavioral Target in Diabetes?

Is Disordered Sleep A Behavioral Risk Factor For Type 2 Diabetes?
Metabolic Effects of Sleep Interventions
Sweet Dreams - Sleep in Youth with Diabetes

Symposium: Sleep, Circadian Rhythm, and Metabolic Consequences

Sleep Deprivation and Glucose Metabolism in Type 1 Diabetes (IP-SY08)
Sleep Disturbances and Circadan Misalignment - Novel Risk Factors For Obesity and
Diabetes
Impact of The Human Circadian System and Its Disruption on Cardiometabolic
Functionand Disease

Interest Group Discussions: Professional Section Interest Group Discussion on Clinical
Endocrinology, Health Care Delivery, and Public Health

Easy to Say, Not So Easy to Do: Patient-Centered Care in the Era of Patient-Centered
Guidelines
Panel Discussion

Interest Group Discussions: Professional Section Interest Group Discussion on Nutritional
Science and Metabolism

Cost-Effectiveness
Oral Sessions: Cost-Effective Health Care/Economics

Impact of a Hospital-Wide Inpatient Glucose Management Program on Economic and
Cinical Outcomes in the Non-Critical Care Setting (261-OR)
Direct Medical Expenditures Associated with Diabetes Among Persons Aged <20 Years
with Medicaid Coverage (264-OR)
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Oral Sessions: Improving Health Care Delivery

Costs Associated with Delivering Intensive or Standard Glucose, Lipids, and Systolic
Blood Pressure Control Strategies in the ACCORD Trial (207-OR)

Posters

The Cost of Diabetes: Escalating Trends and Cost Drivers Need to Focus on Quality
Outpatient Care (83-LB)

Symposium: Maximizing Cost-Effectiveness of Diabetes Prevention and Treatment-Practical
Strategies

Cost-Effectiveness of Prevention
Cost-Effectiveness of Diabetes Treatment
Can We Afford to Do Both?

Epidemiology
Oral Sessions: Navigating the Spectrum - Obesity, Insulin Resistance, and Type 2 Diabetes in
Youth

Incidence of Childhood Obesity in the US (212-OR)

Oral Sessions: Epidemiology of Diabetes Complications and Mortality

National Trends in Hospital Admissions for Hyperglycemia and Hypoglycemia Among
Medicare Beneficiaries, 1999-2011 (274-OR)

Oral Sessions: Epidemiology of Diabetes Risk Factors and Complications in Special
Populations

Temporal Trends in Method of Diabetes Diagnosis Among Youth From 2002 to 2010: The
Search for Diabetes in Youth Study (179-OR)
Mapping Diabetes Incidence to Identify High Risk Areas in the United States (185-OR)

Meet the Expert Sessions

The Pearls and Pitfalls of Observational Epidemiology in Diabetes

Symposium: Joint ADA/JDRF Symposium - Global Epidemiology of Type 1 Diabetes and
Implications for Public Health

A Public Health Model for General Population Screening for Type 1 Diabetes Risk - The
TEDDY Trial
Health Care Delivery for Type 1 Diabetes in Low- And Middle-Income Countries
Metabolic Markers for Type 1 Diabetes - Evidence from DPT-1/TrialNet
Epidemiology of Type 1 Diabetes in Low- And Middle-Income Countries

Symposium: China Medical Tribune Symposium - Updating Diabetes Research in China -
From Bench to Real World

Current Status and Challenges of Type 1 Diabetes in China: A Multicenter Registration
Study forom Guangdong
Frequency, Immunogenetics, and Clinical Characteristics of Latent Autoimmune Diabetes
of Adults in China (LADA China Study) - A Nationwide, Multicenter, Clinic-Based Cross-
Sectional Study

Interest Group Discussions: Professional Section Interest Group Discussion on
Epidemiology and Statistics

Which Model of Epidemology is Best - Cohort Studies or Large Administrate Databases?
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Panel Discussion

Treatment Algorithms and Strategies
Current Issue: In a Patient Who Is Failing Oral Antidiabetic Agent Therapy, the Next Step Is
To?

Add A GLP-1 Agonist
Add Insulin
Panel Discussion

Oral Sessions: GLP-1 Agonists in Practice

Initial Triple Combination Therapy is Superior to Stepwide Add-On Conventional
Therapy in Newly Diagnosed T2DM (72-OR)

Oral Sessions: Improving Health Care Delivery

Patient Preferences for Oral Antihyperglycemic Therapy (210-OR)
Determinants of Non-Adherence to Diabetes Medications (209-OR)

Oral Sessions: The Broad Spectrum of Diabetes Education-Strategies for Delivery

Are We Really Ready to Deliver Diabetes Self-Mangement Support? (308-OR)

Meeting the Expert Session

The ABC of Evidence-Based Care for Youth with Type 2 Diabetes

Symposium: Exercise as Adjunct Therapy for Insulin Sensitivity and Diabetes

Lifestyle, Drugs, or Surgery? A Clinician's Perspective

Symposium: Behavioral Interventions for Diabetes-Evidence From Recent Intervention
Studies

Financial Incentives Vs. Peer Mentoring for Diabetes - What Works?

Symposium: Diabetes in Older Adults (Supported by an Independent Educational Grant from
Boehringer Ingelheim and Eli Lilly)

Glycemic Treatment Goals in Elderly Subjects wth Diabetes

Corporate Symposium: Practical Strategies for Improving Outcomes in T2DM: The Expert
Course (Sponsored by Sanofi)

The New ADA/EASD Position Statement
Insulin Therapy 2013: The Key Questions
Combination Parenteral Therapy: The Next Horizon?
Panel Discussion

Type 1 Diabetes Therapies (Cure Related)
Oral Sessions: Islet Transplantation for the Treatment of Type 1 Diabetes

Use of Liraglutide in Islet Transplant Recipients 12-Month Follow Up (137-OR)
Restoration of Glucose Counterregulation by Islet Transplantation in Long Standing Type
1 Diabete (130-OR)

Oral Sessions: ADA President's Oral Session I

Restoration of Glucose Counterregulation by Islet Transplantation in Long Standing Type
1 Diabetes (20-OR)
Identification of Small Molecules Targeting An Insulin Specific T-Cell Receptor (19-OR)
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Oral Sessions: Emerging Evidence in Pediatric Type 1 Diabetes

Enterovirus Infection, Vitamin D and Islet Autoimmunity in at Risk Children (35o-OR)

Symposium: Moving Toward a Cure in Type 1 Diabetes

Importance of Titrating Hope with Reality
Update on Cellular Advances
Prevention Studies - Translating the Past Into the Future

Symposium: Beta Cell Failure in Type 1 Diabetes-Cause or Consequence?

Overview of Beta Cell Inflammation and Dysfunction in Human Type 1 Diabetes
Role of Thioredoxin Interacting Protein (TXNIP) in Islet Beta Cell Dysfunction in Type 1
Diabetes
Activation of Beta Cell Unfolded Protein Response in Type 1 Diabetes
Role of TCF19 in Beta Cell Endoplasmic Reticulum Stress and Proliferation

Symposium: Engineering a Beta Cell-A Road Map

Gene Therapy-Mediated Induction of Islet Neogenesis Reverses Type 1 Diabetes
Generation of Beta Cells From Human Pluripotent Stem Cells
Regenerating Beta Cells - Cell Plasticity in the Pancreas
Generation and Regeneration of Beta Cells

Symposium: Clinical Trials of T-Cell Therapeutics for Reversing Type 1 Diabetes

Anti-Thymocyte Globulin in New Onset Type 1 Diabetes
Combined ATG-GCSF in New Onset Type 1 Diabetes
Low Dose IL-2 Trial in Type 1 Diabetes
Trial Results on Anti-CD2 (Alefacept) for Patients with New Onset Type 1 Diabetes

Exhibit Hall - Highlights
Social Media Report - Analyzing #2013ADA
The 7th Annual Diabetes Forum Presented by TCOYD, Close Concerns, and
diaTribe

Panel Discussion

Artificial Pancreas

Oral Sessions: The Journey to a Viable Artificial Pancreas

INPATIENT EVALUATION OF AN AUTOMATED CLOSED-LOOP CONTROL-TO-RANGE
SYSTEM (11-OR)

Howard Zisser, MD (Sansum Diabetes Research Institute, Santa Barbara, CA)

Dr. Howard Zisser shared much-awaited results from the inpatient Control-to-Range trial, a "Herculean
effort" funded by JDRF and carried out at seven clinical centers around the world. The trial enrolled adults
(n=27) and adolescents (n=25) with type 1 diabetes, who used a closed-loop system in two 29-hour
admissions. Dr. Zisser focused on the first 23 hours of admission one, in which the main challenges were
large, announced meals (≤100 g carbohydrate). The mean percentage of time in range (71-180 mg/dl) for
adults was 59% during the day and 82% overnight; mean time in range for adolescents was 53% during the
day and 82% overnight. Before coming to the clinical research center, patients wore blinded CGMs for two-
to-three days, enabling a comparison between open- and closed- loop control. Dr. Zisser noted that the
study was not designed to make this analysis, but the comparison certainly highlighted the imperfections of
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open-loop outpatient control - especially in adolescents, many of whom went "from 40 to 400 mg/dl on a
daily basis." The Control-to-Range study was an inpatient evaluation of how a particular closed- loop system
would respond to various daily life events; Dr. Zisser explained that the goal of the study was to "challenge"
the controller but not to "break" it. The study's two 29-hour admissions included large, announced meals (1
gram of carbohydrate per body weight up to a maximum of 100 g), as well as overnight control. Other
challenges included a missed meal bolus, a meal at which the bolus was too high (30% more than the
calculated amount), and exercise (60 minutes, level 9 on the Borg rating of perceived exertion scale). During
this presentation Dr. Zisser focused on the first 23 hours of the first admission, so we did not see data on the
mis-bolused meals or the exercise session.

▪ The Control-to-Range study was an inpatient evaluation of how a particular closed-
loop system would respond to various daily life events; Dr. Zisser explained that the
goal of the study was to "challenge" the controller but not to "break" it. The study's two
29-hour admissions included large, announced meals (1 gram of carbohydrate per body weight up to
a maximum of 100 g), as well as overnight control. Other challenges included a missed meal bolus, a
meal at which the bolus was too high (30% more than the calculated amount), and exercise (60
minutes, level 9 on the Borg rating of perceived exertion scale). During this presentation Dr. Zisser
focused on the first 23 hours of the first admission, so we did not see data on the mis-bolused meals
or the exercise session.

▪ The closed-loop control system featured a modular architecture of algorithms. The
main algorithm, the range controller, was designed at the Universities of Pavia and Padova. Insulin
delivery was modulated with a safety supervision module (SSM). The SSM was designed primarily at
the University of Virginia and also included an insulin-on-board component developed at the
University of California, Santa Barbara. The pump was the OmniPod, and the CGM was the Dexcom
Seven Plus. All these components were connected via the Artificial Pancreas System, which was
designed at the Sansum Diabetes Research Institute and UCSB.

▪ The study enrolled 27 adults and 26 adolescents with type 1 diabetes, with mean ages
(standard deviation) of 4111 years and 1511 years, respectively. The mean durations of
diabetes were 25 and 8, respectively, and mean A1c values were 7.7% and 8.1%, respectively.

▪ During the first 23 hours of the study, the control-to-range system met its primary
pre-specified success endpoints. These endpoints included a time in range (71-180 mg/dl) of at
least 50% overall, at least 50% during the day, and at least 60% overnight.

▪ Dr. Zisser said that in his opinion, the study's take-home message was the clear
advantage of inpatient closed-loop control compared to open-loop outpatient control
(though he noted that the study was not powered for this comparison). For two-to-three
days prior to the first inpatient admission, patients wore blinded continuous glucose monitors. With
these outpatient blinded CGM data as a baseline, the YSI blood glucose measurements fromthe
inpatient closed-loop sessions could be viewed in a new context. The closed-loop data looked better
than the open-loop data for both adults and adolescents; Dr. Zisser pointed out that the benefits
were especially clear in adolescents, whose blood glucose often swung "from 40 to 400 mg/dl on a
daily basis."

Glycemic Measures: Median (25th, 75th percentiles) or number

Inpatient YSI Outpatient Blinded CGM

Adults Adolescents Adults Adolescents

# participants 27 25 27 25

% values 71-180 mg/dl 70% (56%,

76%)

62% (46%,

82%)

56% (44%, 73%) 46% (25%, 65%)
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Day (9 am to 11 pm) 60% (42%,

76%)

61% (32%, 76%) 61% (38%, 73%) 45% (23%, 68%)

Night (11 pm to 8 am) 81% (71%,

100%)

88% (70%,

100%)

59% (30%, 88%) 50% (9%, 76%)

% of days with glucose

values ≤ 70 mg/dl

48% 20% 78% 58%

▪ Dr. Zisser closed with a series of summary thoughts on the Control-to-Range data that
he had presented. He said that breakfast is the most difficult meal to control; by contrast,
overnight control can be performed well with "most" controllers that are available. Based on
experience in other recent studies, Dr. Zisser said that closed-loop control can be made more
aggressive with new, more accurate sensors - he specifically mentioned the Dexcom G4. He
suggested that closed-loop control could also be improved by optimizing patients' pump settings
prior to the start of studies. Despite the limitations of the Control-to-Range study, Dr. Zisser
emphasized that closed-loop control was "far superior" to typical control in the outpatient setting,
even among patients who knew they were being observed with blinded CGMs. He also emphasized
that predictive hypoglycemia alert systems are "essential."

Questions and Answers

Q: I wanted to agree about the difficulty of controlling breakfast. Lunch is a lot easier, I think
because there is more insulin on board. The closer a meal is to the prior meal, the more
insulin on board.

A: So we should either eat all the time, or never. [Laughter]

Q: We are more insulin resistant in the morning than later in the day. Do your algorithms take
this into account? Is it simply a matter of programming at that time of day to give more insulin
per carb?

A: We were using the insulin-to-carb ratio of each patient, at that time of day. We also make the IOB
constraints different at different times of day. Researchers at Mayo Clinic are looking into this dawn
phenomenon, to improve our controllers.

OVERNIGHT GLUCOSE CONTROL WITH MD-LOGIC ARTIFICIAL PANCREAS SYSTEM IN
T1DM PATIENT'S HOME (13-OR)

Revital Nimri, MD (Schneider Children's Medical Center of Israel, Petach Tikvah, Israel)

On behalf of the DREAM consortium, Dr. Revital Nimri presented the results from the DREAM 4 closed-
loop trial, which compared overnight glycemic control with the MD-Logic AP (MDLAP) system to sensor-
augmented pump (SAP) control in the patient's home. When considering the entire intent-to- treat study
population (n=44), MDLAP significantly decreased the time spent in hypoglycemia (blood glucose [BG] <70
mg/dl; 2.9% vs. 5.6%; p=0.02) and increased the time spent in euglycemia (BG 70-180 mg/dl; 81.5% vs.
73.6%; p=0.01). Similarly, the MDLAP system improved nighttime control when the analysis was restricted
to adolescents and children. Dr. Nimri concluded that the MDLAP system conferred improved overnight
control, effectively reducing nighttime hypoglycemia with no severe adverse events reported.

▪ This randomized crossover study compared four consecutive nights of MDLAP control
to four consecutive nights of SAP control (n=44). After an initial run-in period with the
sensor and an assessment period to optimize pump settings, patients were randomized to four
nights of either MDLAP or SAP control in a crossover design (daytime control was by SAP in both
groups). The study had remote monitoring such that the physician would see the data but could not
see whether patients were on open- or closed-loop control. As a reminder, MDLAP uses a fuzzy-logic
control algorithm and is comprised of the Medtronic Paradigm Veo pump, Medtronic Enlite
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continuous glucose sensor, Bayer Contour-Link blood glucose meter, and a real- time remote
monitoring system.

▪ The primary endpoint was time spent below 70 mg/dl and the percent of nights in
which mean glucose was in range (90-140 mg/dl). Secondary endpoints included glycemic
control variables, artificial pancreas technical performance, and psychological endpoints.

▪ The study included 44 patients with type 1 diabetes, consisting of 30 children and
adolescents and 14 adults. Patient characteristics from the intent-to-treat group are outlined below.

Patient Characteristics

Age (years) 18

Gender (M/F) 22/22

BMI 0.55

A1c (%) 7.8%

Diabetes Duration (years) 9.4

Pump Therapy Duration (years) 5.6

Daily Insulin Dose (units/kg) 0.8

▪ The intent-to-treat analysis showed that overnight glycemic control improved
significantly with MDLAP control (n=162 nights) compared to SAP control (n=160
nights) as measured by the percentage of nighttime with blood glucose less than 70 mg/dl (2.9% vs.
5.6%; p=0.02) and percentage of nighttime with blood glucose 70-180 mg/dl (81.5% vs. 73.6%;
p=0.01). The analysis investigated several metrics, including area under the curve less than 60 mg/
dl and area under the curve less than 70 mg/dl.

MedianMetric

MDLP SAP P-value

Time <60 mg/dl (%) 1% 1.8% 0.02

Number of Events <60 mg/dl 0 0 0.1

Area <70 mg/dl 0.3 0.4 0.03

Area <60 mg/dl 0 0.13 0.03

Low Blood Glucose Index 0.7 1.2 0.01

Time 70-140 mg/dl (%) 52.6% 43.5% 0.04

Mean Glucose 90-140 mg/dl (% of

nights)

67% 50% 0.33

Time >180 mg/dl (%) 13.7% 20% 0.39

▪ Restricting the analysis to children and adolescents (n=30), MDLAP (n=109 nights)
showed a reduction in nighttime hypoglycemia by numerous metrics when compared
to SAP control (n=104 nights).
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Median (Inter-quartile Range)Metric

MDLAP SAP P-value

Number of Events <60 mg/dl 0 (0, 0.25) 0 (0,0.4) 0.02

Time <60 mg/dl (%) 0.5% 1.8% 0.01

Area below 60 mg/dl 0 0.1 0.02

Low Blood Glucose Index 0.6 1.1 <0.01

Time in 70-180 mg/dl (%) 81% 71% 0.02

▪ Dr. Nimri's presentation built on interim DREAM 4 results, which she presented at
the 6th International Conference on Advanced Technologies & Treatments for
Diabetes (ATTD). See our ATTD full report for detail.

Questions and Answers

Q: Someone was monitoring remotely? They were able to talk to the subject? A: The study
itself was a home study with remote monitoring. The data went to a physician. Q: What
information does the algorithm require at initialization?

A: We do a profile according to the patient's insulin requirements. It's a special profile that is built for the
closed-loop.

Q: It is individualized to patients?

A: Yes, it is individualized.

Q: How many times was the remote monitor contacting the patient?

A: I don't have all data but for the first 15 patients, we had two interventions in the closed loop group for
hypoglycemia, which happened at the time the patient connected to the closed loop.

A ROBUSTLY ADAPTIVE BI-HORMONAL BIONIC PANCREAS FOR AUTOMATED GLUCOSE
CONTROL IN CHILDREN AND ADULTS (15-OR)

Steven Russell, MD, PhD (Harvard Medical School, Boston, MA)

Dr. Steven Russell discussed the performance of an adaptive bihormonal bionic pancreas with and without
an adaptive meal priming bolus in pediatric and adult patients with type 1 diabetes; pediatric patients were
aged 12-20 years old. This randomized, parallel design trial (six pediatric and six adult patients in each
group) was conducted in the inpatient setting and tested closed-loop control over ~two day periods. The
closed loop was CGM driven, using Abbott Navigator readings as an input to the algorithm. Adults achieved
good glycemic control without adaptive meal priming boluses and blood glucose significantly improved
with the bolus (mean blood glucose [BG]: 148 vs. 132 mg/dl; p=0.03). Children showed a similar
improvement in average BG with the addition of a meal bolus; however, the improvement was from a
higher baseline (mean BG: 178 vs. 167 mg/dl; p=0.01). Time in range (70-180 mg/dl) also improved with
adaptive meal priming boluses. In adults, time spent in range increased from 70% to 80% (p=0.04). In
children, time spent in range increased from 60 to 68% (p=0.05). There was no significant difference in time
spent in hypoglycemia (BG <70 mg/dl).

▪ Notably, Dr. Russell identified continuous glucose monitor (CGM) calibration error as
a source of poor closed-loop performance in the trial. In what he called "my absolute worst
experiment," CGM calibration was done when blood glucose was rising sharply, resulting in CGM
readings ~50 mg/dl higher than actual blood glucose and requiring the patient to take multiple
carbohydrate interventions. Consequently, Dr. Russell and his team have implemented rules about
good times to calibrate CGM as they continue to develop their bionic pancreas. Currently, the next-
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generation system is being tested in the ongoing Beacon Hill study (n=12 of 20 experiments
completed). For detail on Beacon Hill study design and preliminary results, see page six of our
GTCBio Diabetes Summit report: http://www.closeconcerns.com/knowledgebase/r/ec2eec39 for a
patient perspective on being part of the trial, see http://www.diatribe.org (issue #55).

AUTOMATED BI-HORMONAL CLOSED-LOOP TREATMENT OF TYPE 1 DIABETES USING AN
ADAPTIVE ALOGRITHM (14-OR)

Kenneth Ward, MD (Oregon Health & Science University, Portland, OR)

In a wide-ranging talk full of unpublished data, Dr. W. Kenneth Ward shared his group's latest findings on
closed-loop glucose control with both insulin and glucagon. Dr. Ward reminded the audience that regular
glucagon is too unstable to be used for multiple days in a pump. However, his team has performed animal
studies with curcumin-stabilized glucagon; this formulation has gone at least seven days without its kinetics
slowing down. Turning to clinical data, Dr. Ward briefly discussed encouraging data from small trials
(n=15, n=13) of a bihormonal system that uses an adaptive algorithm for insulin delivery. He noted that
inter-device communication has been problematic, but he added that the Dexcom G4 is much more reliable
than the Seven Plus, which the researchers were previously using. The G4 was also found to be more
accurate than the Seven Plus (mean ARD of 10.1% vs. 15.6%) - an advantage that seems to have helped avoid
hypoglycemia (no hypoglycemia at all with the G4 vs. 1.3% daytime and 0.4% nighttime hypoglycemia with
the Seven Plus). Dr. Ward closed with a preview of an outpatient, hotel-based study in which patients will
use two sensor, two pumps, and a Motorola phone as the controller - excitingly, a pilot study was carried
out "earlier this week."

▪ Dr. Ward discussed his group's current bihormonal closed-loop system, which he
emphasized is not entirely closed-loop. The trials do include meal announcement (based on
carbohydrate content estimated to the nearest 20 g) and a mealtime bolus (usually about half the
size of a patient's typical bolus). Insulin and glucagon are both delivered using OmniPods. In the
past, the Oregon group has used two Dexcom Seven Plus sensors, but in the latest studies they use
two Dexcom G4 sensors. The control algorithms use the average of the two sensors; if the
sensorsdeviate by 65% or more, the patient is prompted to perform a fingerstick test for calibration.
The control algorithm for glucagon uses proportional-derivative (PD) control. The algorithm for
insulin uses a variant of proportional-integrative-derivative (PID) control, with a modulating layer
that periodically updates its estimate of the patient's insulin sensitivity. (Every 30 minutes, the
algorithm re-analyzes the insulin and glucose data from the prior 90 minutes.) In subjects with
insulin resistance due to corticosteroid treatment, the addition of this adaptive layer has been shown
to reduce hyperglycemia without increasing hypoglycemia (El Yousseff et al., J Diabetes Sci Technol
2011).

◦ The system's algorithms include several features to avoid "bihormonal
instability." For example, when glucagon is given, insulin delivery is reduced. On the
other hand, glucagon delivery is avoided after meals, and it is reduced when there is little
insulin on board (IOB). The system also must wait at least 50 minutes between doses of
glucagon.

▪ Commercially available glucagon is too unstable to be used in pumps, but a curcumin-
stabilized formulation holds promise. Dr. Ward reviewed that when glucagon is in solution, it
rapidly forms fibril aggregates. He said that these aggregates can be cytotoxic and that they can
affect the pharmacokinetics of glucagon (Caputo et al., Peptides 2013). Several groups are working
to stabilize glucagon in various ways; the Oregon researchers are experimenting with the
polyphenolic compound curcumin. Curcumin-stabilized glucagon has shown much lower levels of
fibrillation than regular glucagon at both three and seven days. Also, seven-day-old samples still
have the same rapid kinetics as fresh glucagon.

▪ Dr. Ward shared encouraging data from a small (n=15), 30-hour, inpatient clinical
trial of bihormonal closed-loop control with meal announcement. Glucagon was given in
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78 cases, and reference blood glucose measurements fell below 60 mg/dl eight times (10% failure
rate). A major goal of the study was to assess postprandial glucose control after large mealsindeed,
carbohydrate consumption was unrestricted. Patients' estimates of mealtimecarbohydrate content
were often inaccurate: underestimation was more common than overestimation, and the average
amount of underestimate was 20 g. Nonetheless, postprandial control was quite good: the average
excursion was 55 mg/dl. The postprandial rise was biggest at breakfast (>80 mg/dl), smallest at
lunch (<20 mg/dl), and of intermediate size at dinner (>60 mg/dl). Remarking on the between-meal
differences, Dr. Ward noted that lunch came only four hours after breakfast, whereas dinner came
five hours after lunch; perhaps patients already had significantly more insulin active at lunchtime.
Dr. Ward said that patients did not perceive meal announcements to be extra work ("no problem
whatsoever"), but he acknowledged that safety concerns could arise if patients announce a meal and
then do not actually eat anything. Therefore he and his colleagues encourage patients not to
announce a meal until they actually see it.

◦ One goal of this trial was to compare the performances of the Dexcom Seven
Plus and the Dexcom G4. The trial included roughly 500 sensor-hours of data for the
Seven Plus and roughly 224 sensor-hours for the G4. By every metric shown, the Seven
Plus was not as good as the G4. These metrics included mean absolute relative difference
(15.6% vs. 10.1%), Clarke Error Grid A score (91.4% vs. 75.6%), and the percentage of
errors that were "egregious" - i.e., more than 50% away from reference blood glucose (3.2%
vs. 0.0%).

▪ Dr. Ward briefly discussed top-line data from the Oregon group's most recent
inpatient closed-loop study (n=13). Excluding the first five hours, glucose control
appearedexcellent as defined by mean and standard deviation: 12937 mg/dl at night and 15155
during the day.

◦ Reminding us that the average data don't tell the entire story, Dr. Ward
showed a tracing from one patient for whom the system malfunctioned at
several levels. One sensor was over-reading, the other was reading correctly, and both
dropped out at least once during a period of a few hours. Despite these sensor errors, the
system correctly called for glucagon to address falling blood glucose levels - but the
OmniPod containing glucagon failed. The researchers gave an open-loop administration of
carbohydrates, and the patient's glucose levels spiked. Dr. Ward said that inter-device
connectivity was "much better" with the Dexcom G4 than the Seven Plus, but he
nonetheless looked forward to a future when all the system components are more
integrated.

▪ Dr. Ward showed unpublished data on whether repeated administration of glucagon
might deplete patients' stores of glycogen - one of the safety concerns we hear with
regard to glucagon delivery in the artificial pancreas. Under fasting conditions, patients
with type 1 diabetes (n=7) were given eight small doses of glucagon (2 ug/kg) in succession. Even
after the eighth dose, patients still seemed to have a good supply of glycogen, and their blood glucose
still rose in response to glucagon delivery. This finding is certainly encouraging, but we are still
curious to see research on glucagon delivery when glycogen is dramatically depleted - e.g., in
extreme exercise conditions.

▪ The Oregon researchers have just conducted a pilot trial to prepare for a hotel- based
study of a new closed-loop system that runs on a Motorola phone. Dr. Ward explained
that this portable system would also include two sensors and two pumps. The cell- phone controller
enables remote monitoring; Dr. Ward and one of his colleagues keep an eye on the system's
performance from a separate room in the same hotel. We did not learn many specifics on study
design, but Dr. Ward noted that challenges would include restaurant meals and exercise.

Questions and Answers
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Q: Are you still switching between sensors, or now that you use the G4, are you sticking with
just one?

A: In the first study I showed, we used the sensor with the best accuracy at time of calibration. In a pilot study,
we found that using the average of the two sensors worked as well or better. In the most recent trial we used
the average. If the sensors disagree by 65% or more, the system forces a calibration.

Q: Are you using the curcumin-stabilized glucagon in the clinical studies?

A: Curcumin-stabilized glucagon is not FDA approved, and we are not using it. We are using commercially
available glucagon, which requires frequent reconstituting. We just initiated discussion with FDA on this.

OVERNIGHT CONTROL PERFORMANCE OF THE HYPOGLYCEMIA-HYPERGLYCEMIA
MINIMIZER (HHM) SYSTEM (10-OR)

Daniel Finan, PhD (Animas Corporation, Westchester, PA)

Animas' Dr. Daniel Finan presented results from a 24-hour study (n=20 type 1 pumpers) of the company's
hypoglycemia-hyperglycemia minimizer (HHM) system, consisting of a Dexcom Seven Plus CGM,
OneTouch Ping insulin pump, and an MPC controller with a safety module. He presented overnight
statistics (9 pm- 7 am) for the system, which were strong: a mean YSI glucose of 129 mg/dl (135 mg/dl on
CGM), with a low standard deviation of 32 mg/dl (28 mg/dl on CGM). The median percentage of time in
range (70-180 mg/dl) overnight was 91% (measured by YSI), with a median of 0% of the time spent >180
mg/dl (n=9 patients), 0% of the time spent <70 mg/dl (n=5), and 0% of the time spent <55 mg/dl (n=3). We
wish Dr. Finan had showed mean values as well (some say median values are more likely to positively
portray the performance of the system). On a separate note, this also speaks to the need for consensus on
appropriate closed-loop study metrics. Dr. Finan explained that the controller took hypoglycemia
mitigation "action" at a median glucose of 110 mg/dl and hyperglycemia mitigation "action" at a median
glucose of 190 mg/dl (definitions below) - the hypoglycemia value was higher than we would have expected
and this may be a safety issue on which the company has agreed with FDA. Overall, the study demonstrated
good feasibility of the HHM in the overnight period, certainly a positive first step - in the future, we hope to
see studies that test the system in more challenging conditions (meals, incorrect boluses, and exercise),
along with incorporation of Dexcom's Gen 4 CGM.

▪ This non-randomized, uncontrolled, clinical research study tested the feasibility and
insulin delivery characteristics of Animas' hyperglycemia-hypoglycemia minimizer
(HHM) system in 20 adult type 1 pumpers. The system uses the Animas One Touch Ping
insulin pump, the Dexcom Seven Plus CGM, a control system that doses insulin automatically to
minimize hyperglycemia and hypoglycemia (MPC controller with a safety module), and the Artificial
Pancreas System (APS) framework.

▪ The HHM algorithm was based on CGM readings every five minutes, and YSI
reference values were obtained regularly (though less frequently than every five minutes).
HHM closed loop started just before dinner at 6 pm (accompanied by a meal and bolus), ran
through the overnight period (9 pm-7 am), breakfast at 7 am, lunch at 12 pm, and wrapped up
around 6 pm the following day (~24 hours of closed-loop). Dr. Finan did not show data or statistics
outside of the overnight period.

▪ The HHM takes "action" to mitigate hypoglycemia and hyperglycemia. For hypoglycemia,
"action" was defined as three consecutive deliveries <50% of the normal basal amount. For
hyperglycemia, action was defined as three consecutive deliveries of >150% of the normal basal
amount. Using three consecutive deliveries was intended to isolate when the controller takes
sustained action vs. one-off occurrences.

Questions and Answers

Q: You did not tell us the slope of glucose change when the controller took action…
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A: On the insulin delivery metrics, that's why we showed a distribution. Due to the system's predictive nature
and the model in the algorithm, there will be different action points based on different slopes. To your point,
that's exactly why we showed a distribution of concentration. You could quantify the slope in a variety of
different ways; this is just the method we chose for this small feasibility study. We just wanted to get a
ballpark.

Q: For the patients with any glucose values <55 mg/dl - was there any reason why? Were they
not compliant?

A: These patients were within the confines of a clinical research center; they really didn't have any say in
terms of being cooperative or not. This was just naturally reflective of variable glucose levels.

Q: When did you turn on the controller relative to the overnight period?

A: We started closed-loop control shortly before dinner at 6 pm on the first night. So the closed-loop
controller was running for at least four or five hours by the time 9 pm rolled around.

Q: How did the glycemic start point at the beginning of the overnight period affect the
controller's performance?

A: Good question. We did no analysis of subject-by-subject. The nice thing about overnight control is there are
fewer disturbances happening. If the patient was high or low, the controller brought them into range.

Dr. John Mastrototaro (Medtronic Diabetes, Northridge, CA): Why didn't you show overall
percent of time in each glucose range, as opposed to median?

A: We quantified the median of 20 numbers. Each of those 20 numbers, one per patient, was a mean. We took
the median across patients.

Dr. Mastrototaro: You didn't just look at the overall percent of time in range?

A: We have that. But we just decided to go with the median.

Dr. Bruce Buckingham (Stanford University, Stanford, CA): That brings up an interesting
question. We need common metrics. Later presentations use 70-150 mg/dl as their range. Do
you know what your data showed in that range?

A: Not off the top of my head. To your point, it would be nice if we could all use the same ranges and common
metrics.

CLINICAL RESULTS OF ARTIFICIAL PANCREAS USING INTRAPERITONEAL INSULIN
DELIVERY (16-OR)

Howard Zisser, MD (Sansum Diabetes Research Institute, Santa Barbara, CA)

Dr. Howard Zisser discussed a clinical study of closed-loop control comparing two modes of insulin
delivery: subcutaneous (with a pump) and intraperitoneal (with a pump connected to Roche's
transcutaneous DiaPort 2). Ten patients with type 1 diabetes were studied in 24-hour inpatient admissions
that included three meals with carbohydrate counts of 70 g, 40 g, and 70 g. Compared to subcutaneous
insulin, intraperitoneal insulin made the postmeal excursions significantly smaller after lunch (difference of
105 mg/dl) and after dinner (difference of 54 mg/dl). The post-breakfast excursion was smaller as well, but
by a non-statistically significant margin of 15 mg/dl. Despite these improvements, Dr. Zisser concluded that
intraperitoneal insulin delivery would be better able to incorporate large meals if those meals were
announced. Therefore he said that future trials would use meal announcement. He also looked forward to
better results with newer CGM sensors and said that further work was needed on the pharmacokinetics and
pharmacodynamics of intraperitoneal insulin…and glucagon!

▪ Dr. Zisser noted that this preliminary study had some limitations. It enrolled only
patients who had historical problems with subcutaneous insulin infusion, because this is a criterion
for use of the DiaPort. Also, the subcutaneous experiments were all performed before the
intraperitoneal ones, because all insulin delivery was intraperitoneal after the surgery to implant the
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DiaPort 2. More insulin was given with intraperitoneal delivery, but Dr. Zisser said that the majority
of the difference was seen at breakfast.

Questions and Answers

Q: When you showed subcutaneous vs. intraperitoneal, it's been discussed that you often see
the lowest peak at lunch, because you get that carry-over from breakfast. With the faster off-
profile of IP, you might expect that benefit to be mitigated, but this isn't what you see. If it isn't
a carry-over from the breakfast-time insulin, what do you think causes the improvement at
lunch?

A: In the 10 subjects, intraperitoneal insulin looks like it's kicking in earlier than subcutaneous. We think that
it has to do with how the controller tuned - it's not that control is more aggressive, but the controller gives
more insulin because the clearance is faster, as well.

Q: How are you sensing? Subcutaneously? Isn't there a 20-minute delay?

A: We used the Dexcom Seven Plus, which has a delay of five to 10 minutes. We are looking at
intraperitoneal sensing as well to see if that can give a smaller delay. We are also looking at
inhalable insulin for faster delivery at meals.

Q: Was there any problem with cellulitis at the skin site, or peritonitis?

A: No. There were some local wound infections with the first-generation DiaPort because its port was not
really fixated well. With the dacron cuff on the new version, the skin tends to grow stably around the site.

Q: Is it difficult to remove?

A: I don't think so. Also, you can change out the catheter over a wire if it occludes.

Q: What is the life expectancy of the port?

A: It is kept in until catheter occlusion, then the catheter is changed over a wire.

Q: What's happened with amylin in this mix?

A: There have been a number of studies, including from UVA and Yale. Preliminary studies showed promising
results, but pramlintide almost seemed to be shifting the meal's glucose curve in time rather than
compressing the rise.

Comment (Yale researcher): Come to our poster, late-breaker 49!

ADDING HYPERGLYCEMIA MITIGATION TO PREDICTIVE LOW GLUCOSE SUSPENSION
(9-OR)

Fraser Cameron, PhD (University of Stanford, Stanford, CA)

Dr. Fraser Cameron described an in-silico experiment, which explored how adding hyperglycemia
mitigation to his team's predictive low glucose suspend (LGS) system affected nocturnal glucose control. The
LGS system was previously tested in an outpatient pilot study, which found a 50% reduction in blood
glucose less than 70 mg/dl at the expense of an 11 mg/dl increase in mean morning glucose (n=77
intervention nights; 38 control nights). Seeking to lower mean morning glucose and increase time spent in
euglycemia, Dr. Cameron and his team tested an approach that added insulin delivery to the existing LGS
algorithm. The hyperglycemia mitigation approach estimated insulin sensitivity from the current basal rate
and used a Kalman filter to extrapolate the glucose trend. Dr. Cameron showed data suggesting that the
addition of hyperglycemia mitigation reduced morning mean glucose and increased time spent in
euglycemia (70-180 mg/dl) compared to LGS alone and to control nights when tested via the UVA/Padova
simulator; significance not provided.

▪ Low glucose suspend (LGS) plus hyperglycemia mitigation decreased mean morning
glucose and increased overnight time spent in range (70-180 mg/dl) compared to LGS
alone and to control nights. The simulation was run on the UVA/Padova simulator. Importantly, the
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simulation of the LGS with hyperglycemia mitigation approach did not allow for nighttime patient
boluses.

Method BG <70
mg/dl (%)

70<BG<180
mg/dl (%)

BG >180
mg/dl (%)

Morning
BG (mg/dl)

Boluses/
night

Carbs/
night

Control Nights 1.59% 73% 25% 158 mg/dl 0.15 0.09

LGS 1.02% 72% 27% 160 mg/dl 0.15 0.09

LGS +

Hyperglycemia

Mitigation

1.14% 89% 10% 138 mg/dl 0 0.07

▪ Dr. Bruce Buckingham (Stanford University, Stanford, CA) presented the results of
the pilot outpatient study at the Diabetes Technology Meeting 2012. For study result
details, please see our discussion on page 19 at: http://www.closeconcerns.com/knowledgebase/r/
c81dc4ef. For background, the team advanced the third iteration of the LGS algorithm tested in the
pilot study to a larger outpatient study; this is the version of the LGS algorithm discussed above.

▪ Dr. Buckingham presented initial safety data from the larger outpatient study of the LGS
algorithm at the FDA-JDRF-NIH Workshop on Innovation towards an Artificial Pancreas. To see
our discussion of the results, see page four at: http://www.closeconcerns.com/knowledgebase/r/
7e98f344. Dr. Cameron commented that the study's full results are currently being analyzed.

Oral Sessions: Emerging Evidence in Pediatric Type 1 Diabetes

FEASIBILITY DATA OF THE PREDICTIVE LOW GLUCOSE MANAGEMENT ALGORITHM -
THE PILGRIM STUDY (357-OR)

Thomas Danne, MD (Kinderkrankenhaus, Hannover, Germany)

Dr. Thomas Danne presented encouraging feasibility data on Medtronic's predictive low glucose
management (PLGM) algorithm from the PILGRIM study. The study used a 30-minute predictive horizon
with a sensor threshold of 70 or 80 mg/dl. Twenty-two adolescents (14-20 years of age) exercised with the
PLGM system until either the system suspended insulin delivery or until the reference blood glucose value
(HemoCue) reached the predictive suspension threshold setting. Of the 16 patients who reached the
hypoglycemic threshold for PLGM activation, PLGM was successfully activated in 15 of the experiments and
prevented hypoglycemia (reference blood glucose ≤63 mg/dl) in 12 of the 15 experiments. Dr. Danne
commented that in one of the cases of hypoglycemia, the patient had restarted basal delivery manually.
Notably, suspension time averaged 90 minutes. Dr. Danne underscored that this was 30 minutes less than
the fixed two-hour suspension time of the Veo (Medtronic's low glucose suspend [LGS] system). He
attributed the lower post-suspension nadir (HemoCue) of 77 mg/dl (vs. 91.4 mg/dl in ASPIRE in-Clinic,
which tested LGS [now called threshold suspend]) to the more flexible length of suspension provided by the
PLGM algorithm. Dr. Danne reminded the audience of an in-silico modeling experiment of the PLGM system
(Roy et al., Diabetologia 2012), which had similar results to the PILGRIM study. He suggested, therefore,
that it was reasonable to extrapolate clinical outcomes from the in-silico experiment. Roy et al. found that
the number of hypoglycemic events with PLGM was less than on CSII and that the time spent in
hypoglycemia with PLGM was significantly less than the time spent in hypoglycemia with LGS (p<0.001). Dr.
Danne concluded his talk with his perspective on where the field stands on the path towards an artificial
pancreas. "I think we're just a step away from treatment with PLGM in the day and closed-loop control during
the night," said Dr. Danne.
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Oral Sessions: Inpatient Management of Diabetes

SAFETY AND EFFICACY OF AUTOMATED CLOSED-LOOP GLUCOSE CONTROL IN THE
CRITICAL CARE UNIT (313-OR)

Lalantha Leelarathna, MBBS, MRCP, MSc (University of Cambridge, Cambridge, UK)

Dr. Lalantha Leelarathna presented a compelling feasibility study on the safety and efficacy of automated
closed-loop control in critical care patients. Twenty-four patients were randomized to 48- hours of
automated closed-loop control (n=12) or local protocol (intravenous sliding scale insulin; n=12). The closed-
loop system was comprised of a bedside laptop running an MPC algorithm, FreeStyle Navigator sensor and
receiver, and both insulin and dextrose (20%) pumps. Both groups had hourly arterial blood gas (ABG)
taken and sensors were calibrated with ABG every one to six hours. Based on reference glucose values,
closed-loop control led to a significantly greater time in range (6.0-8.0 mM [108-144 mg/dl]; 54.3% vs.
18.5%; p=0.001) and significantly decreased time above range (39.0% vs. 78.4%; p=0.001). Neither group
recorded any reference glucose readings below 4.0 mM (72 mg/dl). Dr. Leelarathna concluded that the
findings support conducting a larger closed-loop trial in a more diverse patient population.

▪ "Although there is no agreement about the correct [blood glucose] target, there is
general consensus that we need better methods for glucose control," said Dr.
Leelarathna. As such, his group set forth to investigate whether closed-loop control could provide
superior glycemic control to standard protocols.

▪ The study was conducted in the neurosciences critical care unit at Addenbrooke's
Hospital and enrolled 48 patients. Inclusion criteria included having blood glucose ≥10
mmol/l (180 mg/dl) or being on insulin therapy. Exclusion criteria included irreversible organ
failure, therapeutic hypothermia, or major blood clotting abnormalities. Patients had similar
baseline characteristics, including age (standard arm vs. closed-loop arm: 58.3 vs. 62.8 years), BMI
(27.8 vs. 27.1 kg/m2), Apache II score (a measure of illness severity; 11.2 vs. 12.9); prior diabetes
(n=6 vs. n=5); and insulin infusion at baseline (n=10 vs. n=10).

▪ The components of the closed-loop system included the FreeStyle Navigator sensor and
receiver, a bedside computer running an MPC algorithm, an insulin pump, and a dextrose (20%)
pump. The system was initiated with approximate body weight; no nutritional information was
provided.

▪ Impressively, closed-loop control resulted in 54.3% of time 6.0-8.0 mM (108-144 mg/
dl) and 92.2% of the time 5.6-10.0 mM (100.8-180 mg/dl). By both metrics, time in range
was significantly greater with closed-loop control than local protocol (p=0.001); however, as pointed
out in Q&A, sliding scale insulin therapy is not the best available care. Looking forward, Dr.
Leelarathna hopes to test the system against more dynamic care protocols.

◦ Blood glucose less than 4.0 mM (72 mg/dl) were not recorded in either group;
seven patients required dextrose intervention in the closed-loop group (six of those seven
required less than 10 g per 24 hours). During Q&A, Dr. Leelarathnaattributed at least part
of the dextrose intervention to care changes. For example, the algorithm wasn't aware
when nutrition stopped, he said.

Results Based on Reference GlucoseMetric

Standard Care Closed Loop p-value

Starting Glucose 10.8 (194.4) 10 (180) 0.219

Time in Target (6.0-8.0 mM [108-144

mg/dl])

18.5% 54.3% 0.001

Time Above 8.0 mM (144 mg/dl) 78.4% 39.0% 0.001
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Time Below 4 mM (72 mg/dl) 0 0 NA

Time in Target

(5.6-10.0 mM [100.8-180

mg/dl])

73.2% 92.2% 0.001

Mean Glucose (mM [md/dl]) 9.1 (163.8) 7.9 (142.2) 0.001

SD of Glucose (mM [mg/dl]) 1.8 (32.4) 1.3 (23.4) 0.089

Total Insulin (24 hours; U) 40.9 57.4 0.478

▪ The sensor recorded a median absolute relative deviation of 7.0% and an absolute
deviation of 0.5 mmol/l (9 mg/dl). Median bias was -0.1 mmol/l (-1.8 mg/dl). Eighty-eight
percent of readings fell in Clark Error Grid Zone A. During the first 24 hours, the sensor was
calibrated at a median interval of 152 minutes; during the second 24 hours, the sensor was
calibrated at a median interval of 205 minutes. Sensor accuracy was a point of discussion during
Q&A; Dr. Leelarathna commented that his group was able to achieve the accuracy by calibrating
more than recommended by the manufacturer. When the algorithm detected that sensor values were
deviating too far from reference values, it would calibrate more frequently.

Questions and Answers

Q: How long did you treat the patients for?

A: The study duration was 48 hours. At 48 hours, they went back to usual treatment. If they left the critical
care unit, the experiment was terminated. At least 24 hours was required to be included in the analysis.

Q: Many will argue that in critical care populations, sensors cannot capture hypoglycemia.
How did you achieve the accuracy?

A: The majority of previous studies looking at the accuracy of sensors have looked at Medtronic. And out of
the three sensors Medtronic has the highest MARD. The science behind the Navigator is less susceptible to
medication and less dependent on tissue oxidation. We also calibrated the sensor much more frequently than
recommended by the manufacturer. The algorithm detected when sensor glucose started to deviate.

Q: How do you view hypoglycemia with the dextrose infusions - 58% received dextrose?

A: The infusion was to prevent hypoglycemia. For example, the algorithm wasn't aware when nutrition was
stopped.

Q: Were any of those patients close to sepsis. Did you see worse performance there?

A: We haven't analyzed sensor performance in that way. We need a bigger study with a more diverse
population, and we need to assess whether the sensor varies with diagnosis.

Q: The exclusion criteria said permanent organ failure was excluded. What about acute organ
failure?

A: Yes, we had patients on vasopressors included in the study.

Q: Most people do use a dynamic protocol. Moving forward, you need to compare closed- loop
control to a dynamic protocol [vs. sliding scale].

A: That is a fair point. It will be more informative to compare it to a more advanced insulin infusion protocol.
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Posters

REDUCTION IN HYPOGLYCEMIA AND NO INCREASE IN A1C WITH THRESHOLD-BASED
SENSOR-AUGMENTED PUMP (SAP) INSULIN SUSPENSION: ASPIRE IN-HOME (48-LB)

Richard Bergenstal, David Klonoff, Bruce Bode, Satish Garg, Andrew Ahmann, Robert Slover,
Melissa Meredith, and Francine Kaufman

This poster detailed the results from the ASPIRE In-Home study of low glucose suspend (called "threshold
suspend" in this poster), simultaneously published in the New England Journal of Medicine by Dr. Richard
Bergenstal et al. The three-month in-home study was a randomized, controlled trial of 247 patients
comparing sensor-augmented pump (SAP) therapy alone to SAP plus "threshold suspend" (i.e., low glucose
suspend set at 60-90 mg/dl). Results showed that nocturnal hypoglycemic events per patient week occurred
32% less frequently in the threshold suspend group (p <0.001). Moreover, mean area under the curve
(magnitude plus duration) of nocturnal hypoglycemia events decreased 38% in the threshold suspend group
compared to control (p <0.001). Strikingly, four severe hypoglycemia events were observed in the three-
month study, with ALL occurring in the control group - this really resonated with us, and we hope payers
will also appreciate this technology's power to improve healthcare costs over the long term. Significantly,
there was no change in A1c levels between the groups, both maintaining baseline A1cs of ~7.2% after three
months in the study - that's a huge win given the improvements in hypoglycemia. We think this data will
build an even stronger case for the FDA to approved this device. (Approval is expected "this calendar year"
per the last update in Medtronic F4Q13.)

▪ ASPIRE in-home was a 19-site, open label, randomized controlled study comparing
sensor-augmented pump therapy with the threshold suspend feature (n=121) to
sensor-augmented pump therapy alone (n=126). The study had a two-week run-in phase for
all patients, followed by randomization and a three-month study phase. The run-in established
eligibility for the study, as subjects were required to have experienced two or more episodes of
nocturnal hypoglycemia during the run-in phase. An episode of nocturnal hypoglycemia was defined
as a sequence of sensor glucose values ≤65 mg/dl, lasting >20 min, between 10:00 pm and 8:00 am,
and with no evidence of user-pump interaction. For those in the intervention group, the threshold to
suspend insulin was set at 60-90 mg/dl. Runs of sensor glucose levels <65 mg/dlad < 20 minutes
were not included in the primary analysis. Full study details and methods were published on June
23, 2013 in the Journal of Diabetes Science and Technology.

▪ The study randomized 247 patients with a mean A1c of 7.2%, a mean age of 42-45 years, a
mean diabetes duration of 27 years, and a mean BMI of 27-28 kg/m2. Patients in the two groups
were 38-40% male.

▪ Mean area under the curve (magnitude plus duration) of nocturnal hypoglycemia
events decreased 38% in the threshold suspend group compared to control (p<0.001).
Mean AUC declined from 1,547 mg/dl x min to 980 mg/dl x min in the thresholdsuspend group vs.
1,406 to 1,568 mg/dl x min (an increase) in the control group.

▪ Nocturnal hypoglycemic events per patient-week occurred 32% less frequently in the
threshold suspend group (p <0.001) - these declined from 2.4 to 1.5 events per week in
the threshold suspend group vs. 2.5 to 2.2 events per week in the control group. Since
the pump is not predictively suspending, we would guess this reduced number of events per week
could be attributed to a couple factors: 1) the previous finding that hypoglycemia begets
hypoglycemia (i.e., reducing the magnitude and duration of nocturnal hypoglycemia reduced the
susceptibility and occurrence of subsequent events); or 2) since the threshold can be set from 60-90
mg/dl, those using the higher end of the threshold suspend range would see a reduction in events,
particularly if the sensor was biased to read low).

◦ Combined day and night hypoglycemia events per patient week happened 30%
less often in the threshold suspend group (p<0.001). Day-only data was not

www.closeconcerns.com 43



shown, which we suspect means it was not significant. Of course, since the vast majority of
two-hour suspends occurred at night, this is not very surprising.

▪ The percentage of sensor glucose values <70 mg/dl decreased 40% overnight in the
threshold suspend group compared to the control group - in absolute terms, this
represented a decline in values <70 mg/dl values from 10% of the time in the control group to 6% of
the time in the threshold suspend group. As might be expected (given the nature of threshold
suspend at 60-90 mg/dl), the biggest boost came in the <50 mg/dl range - a 57% reduction with
threshold suspend vs. the control group.

▪ Following two-hour suspend events, insulin delivery resumed at an average of 93 mg/
dl, rising to an average of 169 mg/dl two hours later (and then leveling out). We expect
predictive low glucose management will markedly improve that two-hour average of 169 mg/dl. Two
hours after insulin delivery resumed, 26% of values were >200 mg/dl, 70% of values were 70-200
mg/dl, and only 4% of values were <70 mg/dl. Consistent with previous data, most (77%) of the
1,873 two-hour suspends occurred at night.

▪ In a huge win, there was no significant change in A1c in either group. To us, this is a
testament to the power of preventing hypoglycemia - we'd speculate it had positive ripple effects on
hyperglycemia as well (e.g., less hypoglycemia meant less tendency to overcorrect and go high).

A1c at Baseline A1c at three months

Threshold suspend group 7.26 7.24

Control group 7.21 7.14

▪ There were four occurrences of severe hypoglycemia in the control group vs. zero in
the threshold suspend group. Previous data on blinded CGM has shown that seizures typically
occur overnight after several hours of hypoglycemia - though threshold suspend is not preventative
in nature, it does reduce the number of hours a sleeping patient would spend hypoglycemic. It was
welcoming to see the positive severe hypoglycemia results in this study. From a cost-effectiveness
perspective, this certainly seemed attractive.

◦ A six-month study presented by Dr. Trang Ly was also presented at ADA,
which tested use of the Medtronic Veo over a six-month period in patients
with hypoglycemia unawareness. That study also demonstrated an impressive
reduction in severe hypoglycemic events. Please see our write-up of abstract 228-OR in our
ADA Day #3 coverage.

▪ Severe hyperglycemia (blood glucose>300 mg/dl with ketones >0.6 mmol/l) occurred
three times in the threshold suspend group vs. zero times in the control group. These
were labeled "infusion set related," so we would guess they were caused by infusion set failure and
were not linked to pump suspension. DKA was of course a worry of the FDA, so this was encouraging
to see.

▪ ASPIRE In-Home only included patients prone to hypoglycemia (see eligibility criteria
above), meaning that these results may not be generalizable to all populations. Still, we
think this was a rationale study design choice, as this group stands to benefit the most from this
device.

▪ This study was published in the New England Journal of Medicine on June 22, 2013.
More information is at http://www.nejm.org/doi/full/10.1056/
NEJMoa1303576?query=featured_home
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Symposium: ADA Diabetes Care Symposium

FEASIBILITY OF OUTPATIENT FULLY INTEGRATED CLOSED-LOOP CONTROL - FIRST
STUDIES OF WEARABLE ARTIFICIAL PANCREAS

Boris Kovatchev, PhD (University of Virginia, Charlottesville, VA)

Dr. Boris Kovatchev reviewed his group's progress toward outpatient closed-loop control and shared data
from two recent multi-site, outpatient trials (n=20 each) - an early feasibility study and an efficacy study
with randomized crossover design. Each study compared open-loop and closed-loop control during roughly
40-hour sessions that included unrestricted, announced meals and used the University of Virginia's
smartphone-based platform (DiAs). The first study's primary endpoint was simply the percentage of time
that inter-device communication was maintained (98.9% for closed-loop and 97.1% for open-loop). In this
study, closed-loop control gave slightly worse time in target at night (72% vs. 80%), but it reduced exposure
to overnight hypoglycemia (0.27 vs. 0.53 events per 24 hours). The second study used a more advanced
system and had a primary endpoint of hypoglycemia reduction, as measured by low blood glucose index. By
this metric, closed-loop control outperformed open-loop control with a highly statistically significant effect
size of 0.64 - better than the 0.4 effect size that the researchers had anticipated.

▪ Between November 2011 and July 2012, Dr. Kovatchev and collaborators conducted a
multicenter feasibility study of outpatient closed-loop control, the results of which
will be published in Diabetes Care in July. The study was conducted at the University
ofVirginia, the University of Padova, the University of Montpellier, and Sansum Diabetes Research
Institute (n=5 patients per site). Each study visit was 42 hours long.

◦ The system included a DiAs-enabled smartphone, a Dexcom Seven Plus CGM,
an OmniPod, and a separate handheld device to link the CGM and pump with
each other and the smartphone. The algorithm architecture included a range-
correction module, a meal bolus calculator, and a safety system.

◦ In Europe, once closed-loop control was begun, it continued for the rest of the
trial; in the US, the system was placed in an overnight safety mode (i.e., basal
insulin delivery rate, plus the safety module). As the time that the study designs
were submitted to the FDA, the agency would have allowed nocturnal closed-loop control
only if blood glucose measurements were taken throughout the night. A benefit of the
Europe-US difference was that to allow rough comparison between closed-loop and quasi-
open-loop control in the overnight period. Another difference was that in Europe, closed-
loop control was initiated in the hospital, whereas in the US, control was entirely
outpatient (e.g., at a hotel or guesthouse).

◦ The researchers succeeded with regard to their prespecified primary
endpoint - to maintain inter-device communication for at least 80% of the
time. Altogether, the study included 830 hours of data (277 hours of open-loop control
and 550 hours of closed-loop control). Inter-device communication was maintained for
98.9% of the time in open-loop mode and 97.1% of the time in closed-loop mode. Dr.
Kovatchev showed how often each system component malfunctioned and caused data loss.
Measured in events per 24 hours, malfunction frequency was as follows for: sensor
components (0.0 in open-loop, 0.04 for closed-loop), pump components (0.17 in open-
loop, 0.09 in closed-loop), and DiAs (0.17 in open-loop, 0.04 in closed-loop). The control
algorithm performed as intended, producing a dose recommendation 100% of the time.

◦ Closed-loop control and open-loop control were roughly comparable in terms
of time in target range, but closed-loop control did reduce the number of
overnight hypoglycemic events. In the overnight period (11:00 pm to 7:00 am), time
in target was slightly better with open-loop control (80% vs. 72%) - Dr. Kovatchev noted
that the patients in the study were good at managing their diabetes. However, open-loop
control led to more nocturnal hypoglycemic events below 70 mg/dl (0.53 vs. 0.27 events

www.closeconcerns.com 45



per 24 hours). Dr. Kovatchev also noted that the outpatient closed-loop results compared
favorably to inpatient closed-loop data from a previous study with a similar system (Breton
et al., Diabetes 2012). The studies had differences in design that prevent a straightforward
comparison. Still, we thought it generally encouraging to see such similarities with
inpatient and outpatient results, respectively, for overall time in range (74% vs. 70%),
overnight time in range (74% vs. 72%), and the frequency of overnight hypoglycemic
episodes (0.24 vs. 0.27).

◦ Dr. Kovatchev highlighted the system's ability to allow remote monitoring. The
remote monitoring function was tested most thoroughly at the Sansum Diabetes Research
Institute, where all five patients performed their study visits simultaneously. Their data
could be viewed in real-time via computer and even on Dr. Howard Zisser's iPad. The main
screen included each patient's top-line glucose data and a traffic light to indicate whether
the system was functioning properly (e.g., no pump occlusions). Researchers could also
click on each patient's icon to get a more in-depth look at the study data.

▪ Following up on interim results shown at ATTD 2013, Dr. Kovatchev shared top-line
data from his consortium's most recent outpatient closed-loop trial. (He noted that full
results could be seen in the poster hall, at poster 993-P.) The study enrolled five patients at each of
the same four clinical centers from the feasibility study (total n=20). Patients took part in two
40-hour sessions: once using a closed-loop system, and once using the same system in open- loop
mode. Patients had dinners and restaurants and had no restrictions on meal size, as long as they
announced meals to the system and estimated carbohydrate content. The other main challenge to
the system was 45 minutes of walking.

◦ Patients used a DiAs-enabled smartphone that was linked to a Dexcom G4
receiver by USB cable and linked to a Tandem t:slim pump by Bluetooth low
energy. Remote monitoring was possible via WiFi and the cellular network. The
algorithm featured an enhanced version of the feasibility study's range-correction module,
as well as insulin-on-board constraints.

◦ During the study, roughly 1,400 hours of data were collected: 700 hours each
for open- and closed-loop control. Dr. Kovatchev said that approximately 96.5% of
the data were valid, with 3.5% lost to pump occlusions and other technical problems.

◦ Closed-loop control was a success according to the study's primary efficacy
endpoint: reduction in the risk of hypoglycemia, as defined by the low blood
glucose index (LBGI). By this metric, closed-loop control had an effect size of 0.64 - a
highly statistically significant result, and better than the 0.4 effect size that the researchers
had anticipated.

◦ The Dexcom G4 performed with a mean absolute relative difference of 11.5
mg/dl, as compared to self-monitoring of blood glucose (SMBG) tests taken
during the study. The correlation between the CGM and SMBG was r=0.95. Dr.
Kovatchev noted that these results were consistent with a paper on the G4's accuracy that
was written by Christiansen and colleagues and published online just a few days before
ADA (Diabetes Technol Ther 2013).

Symposium: Confronting Hypoglycemia with Diabetes Technology: The Arc of Progress
(Supported by Medtronic and Bayer)

INTRODUCTION

Irl Hirsch, MD (University of Washington School of Medicine, Seattle, WA)

Dr. Irl Hirsch opened the session with a conclusive statement: "The theme tonight is hypoglycemia. This is
not just a nuisance. This is clearly one of the most important, rate limiting aspects of insulin therapy." He
then outlined the session's content and introduced the first speaker, his brother James Hirsch. He then
shared what fellow type 1 Mr. Paul Madden told him earlier in the day - "In the ADA's 73-year history, I
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don't know if there was any moderator that ever introduced his brother. This may be a first at an ADA!"
Before leaving the podium, Dr. Hirsch humorously quipped, " I can tell you many things about my little
brother, [laughter] but I will refrain due to lack of time."

FACING INSULIN'S DEMON

James Hirsch (Author, Cheating Destiny, Needham, MA)

Writer extraordinaire Mr. James Hirsch gave a moving speech on "insulin's demon," beginning with a bit of
humor: "It's a true honor to be on such a distinguished panel. At least that's what Irl told me to say." He
shared a number of poignant stories, including some perspective on the history of insulin, stories he learned
from patients while writing Cheating Destiny, his personal experience of a car accident stemming from
hypoglycemia, and his son's experience with hypoglycemia at a baseball game just a few weeks ago. Below,
we've included some of our favorite quotes below from Mr. Hirsch's talk.

▪ "Early patients understood the power and paradox of insulin - it can keep you alive, but
also induce harm…Doctors call it the rate-limiting factor of insulin. I call it living on the damn
precipice."

▪ "When writing my book, I put an ad in the back of Diabetes Forecast. The ad said I was
writing a book and to please send me your stories of having diabetes. I received hundreds
of letters and emails. What struck me was how many had something to do with hypoglycemia. For
one woman, her blood glucose falls every time she shops at Marshalls. Another man was on vacation
with his wife, and he passed out in a Jacuzzi. The wife had to call 911 and the paramedics had to pull
him out. What was a surprise was that he weighed 400 lbs and they were at a nudist camp. What I
didn't fully appreciate is that hypoglycemic patients can exist in this Netherworld - neither conscious
nor unconscious, are half dead and half alive."

▪ "I have a personal hypoglycemia index that everyone should follow. Clarity of thought is paramount.
Never drive when you're under 80 mg/dl. Never play poker when you're under 70 mg/dl. And never
get married when you're under 60 mg/dl."

▪ "That is what makes hypoglycemia is diabolical. It impairs the one organ you need to fix the
problem - the brain."

▪ "From low blood glucose, Garret couldn't catch the ball and couldn't hit the ball. He
doesn't like to carry candy in his pocket or keep a juice box on the bench…Garret also doesn't come
over and get it from me. The last thing a 12 year old with diabetes wants to do is draw attention to
himself…I told him that in baseball, there is this little known rule that if you strike out with a blood
sugar of under 70 mg/dl, it doesn't count against your batting average." [Laughter]

▪ "I'm reminded of what Nietzsche said, 'That which does not kill me makes me
stronger.' With insulin, the inverse is true - that which makes me stronger can also kill
me. If improved technology can indeed reduce these threats, then we will need fewer
guardian angels. Thank you."

OVERCOMING THE "RATE-LIMITING FACTOR" IN DIABETES MANAGEMENT WITH
INSULIN

Irl Hirsch, MD (University of Washington, Seattle, WA)

Dr. Irl Hirsch provided a comprehensive overview of the history of hypoglycemia and the severity of its
associated complications. He emphasized the need to stop hypoglycemia, as the body can adapt to
hypoglycemic symptoms after even just one exposure to a hypoglycemic event (Keller and Cryer, 1991).
However, strict avoidance of hypoglycemia can reverse defective glucose counterregulation in type 1
diabetes (Fanelli et al., Diabetes 1993). Dr. Hirsch also gave definitions of various types of hypoglycemia,
particularly emphasizing the new definition of "pseudohypoglycemia" - when a person reports typical
symptoms of hypoglycemia without a plasma glucose concentration of <70 mg/dl. Using T1D Exchange
data, he emphasized that severe hypoglycemia increases with age, and by the age of 50,there is a 14% per
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year risk of seizure or coma. Further, he highlighted the T1D Exchange data that demonstrates roughly
equivalent rates of severe hypoglycemia at all levels of A1c - a clear reminder of what an important issue
hypoglycemia is for all people with diabetes. Dr. Hirsch also discussed glucose control metrics and outlined
how to fight hypoglycemia (the audience appreciated the size 72-font "CGM" bullet point that punctuated the
slide). Although CGM has been shown to significantly decrease the amount of time a patient spends in
hypoglycemia, Dr. Hirsch wondered why the technology has not been more widely adopted in the diabetes
community. He concluded his talk by explaining that better basal insulin, faster prandial insulin and
pumps, and more comfortable and accessible low glucose suspend (LGS) will lead to improved control of
hypoglycemia. As Dr. Hirsch said (and we agree), it will be fun to watch the evolution of diabetes
technology.

▪ Dr. Hirsch discussed glucose control metrics as outline by Bergenstal et al. (Diabetes
Technology & Therapeutics 2013). In addition to outlining these metrics, he explained that standard
deviation is most likely going to be used in the future - in Q&A, he underscored its simplicity.
However, Dr. Hirsch mentioned that there are benefits to coefficient of variation as well, which
incorporates both standard deviation and mean. Additionally, he noted that if patients spend 50% of
their time in the designated range, their A1c should be around 7%.

▪ Dr. Hirsch provided a list of strategies to minimize hypoglycemia. Specifically, he called
for HCPs to fight payers on the potential for restricting use of insulin analogs - it was disconcerting
for us to hear that this is a problem he is now facing (along with the recent discussion of limiting
strips in Washington). With this, Dr. Hirsch noted that there is never a reason to "ever use NPH ever
again." He also called for more conservative glucose targets, strict avoidance of hypoglycemia, use of
insulin pump therapy, and the appropriate use of bolus calculators. Last, he strongly voiced support
for the use of CGM.

AUTOMATICALLY STOPPING INSULIN DELIVERY TO REDUCE HYPOGLYCEMIA: AN
INTERIM GOAL OR AN END IN ITSELF?

Satish Garg, MD (University of Colorado Denver, Aurora, CO)

Dr. Satish Garg provided a broad overview of pump therapy and closed-loop development, bringing
attendees up to speed on sensor-augmented pump therapy (STAR-3), low glucose suspend (the ASPIRE in-
clinic and in-home studies), and the path towards an artificial pancreas. Most of his presentation focused on
already-published studies, though he briefly discussed the ASPIRE in-home study of the MiniMed 530G
(now dubbed "threshold suspend") - this will be presented Saturday morning by first author Dr. Richard
Bergenstal as late-breaking poster #48. Notably, the study is being published in the New England Journal of
Medicine, a huge win and a nice follow-up to STAR-3's 2010 publication in the prestigious journal
(Bergenstal et al.). Dr. Garg could note share any study results - it is embargoed until 10 am tomorrow -
though he discussed the study design as published in the Journal of Diabetes Science and Technology
(Klonoff et al., 2013). He concluded with a brief overview of predictive low glucose management (PLGM),
Medtronic's next-gen algorithm (i.e., the MiniMed 640G) that suspends basal insulin when glucose <120
mg/dl and predicted to be <70 mg/dl in the next 30 minutes. We certainly look forward to seeing clinical
data on PLGM later this ADA from Dr. Thomas Danne. Dr. Garg closed with an important statement, "What
we are not keeping pace with is finding ways to use the technology appropriately in the clinical setting. We
need better ways to implement the technology in real life." Given that only ~30% of US type 1 patients are
on pump therapy and only ~5-10% are on CGM, we agree.

OVERNIGHT CLOSED-LOOP BLOOD GLUCOSE CONTROL UNDER REAL-LIFE CONDITIONS:
INITIAL EXPERIENCES

Moshe Phillip, MD (Medical Tel Aviv University, Tel Aviv, Israel)

Dr. Moshe Phillip explained the benefits of the MD-Logic artificial pancreas (MD-LAP), citing results from
his recent slew of DREAM studies. Dr. Phillip shared initial pilot study results from the DREAM 4 closed-
loop trial, which compares overnight glycemic control with the MD-Logic AP (MDLAP) system to sensor-
augmented pump (SAP) control in patients' homes. These were presented earlier in the day in the artificial

www.closeconcerns.com 48



pancreas oral session by Dr. Revital Nimri. When considering the entire intent-to-treat study population
(n=44), MDLAP significantly decreased the time spent in hypoglycemia (blood glucose [BG] <70 mg/dl;
2.9% vs. 5.6%; p=0.02) and increased the time spent in euglycemia (BG 70-180 mg/dl; 81.5% vs. 73.6%;
p=0.01). In addition, Dr. Phillip presented the blood glucose control from five patients in DREAM 4's second
pilot, which is an impressive six-week long study at patients' homes. He showed that the device prevents
hypoglycemia and reduce the mean blood glucose to the desired range. And as a reminder, DREAM 5 (pump
advisor during the day) and DREAM 6 (24-hour closed-loop control) are on the docket as well - very
exciting! Dr. Phillip also reviewed data from the STAR-3 and ASPIRE studies, which both demonstrated the
abilities of a pump and sensor to reduce hypoglycemia and improve time in-range. He noted that these
results are especially significant because HCPs are not achieving their goal of maintaining the balance
between hypoglycemia and complications. The MD-LAP's unique "fuzzy logic" algorithm was a point of
emphasis, as the system has the ability to learn from the patient and adjust to their lifestyle. Dr. Phillip was
also quite positive on remote monitoring, which allows researchers to ensure safety during more ambitious
outpatient trials.

▪ Dr. Phillip provided an example of daytime success with the MD-LAP. Although the
group's studies focus on overnight use of the MD-LAP, Dr. Phillip showed the glucose levels of an
individual on the system during the day, which achieved a mean glucose level of 139 mg/dl.

▪ "I don't want to give the system back… even if it is unfinished, I don't care". Dr. Phillip
emphasized that patients have been very pleased with the system. True to form from ATTD's past, he
presented a video clip of a father and son that loved the system. Indeed, the father said he "didn't
care about regulatory," he just wanted the system.

PANEL DISCUSSION

Irl Hirsch, MD (University of Washington School of Medicine, Seattle, WA); Satish Garg, MD
(University of Colorado Denver, Aurora, CO); James S. Hirsch (Author, Cheating Destiny,
Needham, MA); Moshe Phillip, MD (Schneider Children's Medical Center of Israel, Petah
Tikva, Israel)

Q: How does the predictive suspend work?

Dr. Garg: It is preset for 120 mg/dl. If you don't do any intervention, it will stop basal insulin at 120 mg/dl for
two hours.

Q: Where is the FDA with approving the threshold suspend pump? [Laughter]

Dr. Garg: I don't know if I want to answer that question.

Q: Regarding closed loop, what are built in safeguards if the system fails to respond correctly?

Dr. Phillip: The program is based on the sensor readings, but also recognizes problems with the sensor. The
system also recognizes amount of insulin delivered, and of course, the future closed-loop system will be built
on a future sensor. The future will be based on two sensors at least, maybe more. They will be talking to each
other and verifying if the reading is correct or not, duplicating the safety. This is the future. We are getting
there with the help of talented people.

Q: Will the ADA be using a different severe hypoglycemia definition for children under six
years of age?

Dr. Garg: I don't know the answer to that. Maybe someone else can answer this question. But I want you to
remember that you can always change the threshold, so HCPs are welcome to change it to whatever the
patient feels at ease at. If a patient is nine years old, maybe you don't want to start the threshold suspend at 70
mg/dl, but you want to start at 100 mg/dl. Maybe Medtronic can answer the question on the regulatory
approval by FDA.

Dr. Phillip: In Europe, it's allowed to use suspend, and yes, you treat children and adolescent differently. You
are building experience.
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Q: Dr. Bob Vigersky performed a study looking at CGM and type 2 diabetes, and this showed
great improvement with A1c levels. Do you have experience with type 2 diabetes patients using
CGM?

Dr. Garg: I have many patients with type 2 diabetes using insulin, either using basal or prandial. I think the
CGM is very beneficial for type 2 diabetes patients. It is amazing how much of a reduction you can see in A1c
levels for those with type 2 diabetes who use CGM. Of course, we focused on the artificial pancreas here, so we
did not really talk about CGM for type 2s.

Q: It's interesting how many questions came up on the topic of our metrics. This is sort of one
we talk about a lot - the metric for glycemic variability. From the white paper I showed you,
standard deviation was picked. Someone is pointing out that interquartile range would
overcome the problem of non-Gaussian distribution - they are asking why interquartile range
was not chosen.

Dr. Hirsch: In the clinical situation, we don't want to do too much differentiating between clinics and
research. Interquartile range goes so far into the complex math of what we are able to do and what people
understand. They are taking us to learning something that is just difficult to rationalize. It's hard to rationalize
such a complex metric. It may be that if we do show variability is important, we can look at the metrics and
compare them to outcomes. People are familiar with standard deviation and it does an okay job.

Dr. Garg: This was discussed at length. Everyone agreed that we need to make it easy for people to
understand. With standard deviation, you can explain what it is to patients in less than a minute. Remember,
math skills in the United States are not that good. That's all I will say. We wanted to make it simple and easy.

Q: How did the non-LGS arm of the in-clinic ASPIRE study manage hypoglycemia?

Dr. Garg: Remember that at any time, if the patients' blood glucose went less than 50 mg/dl, patients had to
repeat that experiment. Many of the sessions had to be done again just because of that reason. Trust me when
I said it was the hardest study, it was. Lots of patients had headaches and they wanted x, y, and z. The
protocol wouldn't allow it. We didn't put patients' health in jeopardy, but many would have
normally had juice. The study protocol was written so strictly, thanks to Fran and Katy.

Q: What advice would you give Garret when he drives?

Jim Hirsch: I haven't really thought about that question. Certainly, when he gets old enough to drive, he'll
understand that if he's not on CGM, he needs to test his blood glucose each time before he gets behind the
wheel. That is more or less what I do now. He has vague recollections of the car accident, so that should help.

Q: What kind of hardware is used in the MD-LAP?

A: We have been using the Medtronic Veo pump and Enlite 2 sensor.

Q: What do you think of the new competitive bidding process through Medicare?

Dr. Irl Hirsch: I'm very concerned about it because some of the offshore strips vary from lot to lot. For
checking blood glucose and calibrating the CGM device, I'm afraid we are going to get levels that are way off.
We've rushed into this much too quickly, I don't feel we're moving into an area of more safety. I think it's
going to be less.

Dr. Garg: I think we became the easy target. I think if you look at the way they are going to enforce this, it is
unbelievable. Doctors are not well represented in the Congress, so they are taking out billions just to balance
the sheet. You are going to have meters with no quality. We do not see a patient if the pump cannot be
downloaded, and none of these pumps can be downloaded. It is very unfortunate how the healthcare is going.

Q: What do your patients do with this system in the water?

Dr. Phillip: They take the pump off and continue with the senor

Dr. Garg: Any time patients go diving or what have you, they continue to use the sensor but they remove the
pump.
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Symposium: Moving Toward a Cure in Type 1 Diabetes

CLOSED-LOOP THERAPY UPDATE

Andrew Bremer, MD, PhD (Vanderbilt University School of Medicine, Nashville, TN)

Dr. Andrew Bremer provided a basic background presentation on recent closed-loop research and
approaches. His talk did not share any highly novel opinions or new data, but did remind us of the sheer
breadth of approaches in development by various groups (similar to Dr. Aaron Kowalski's opening remarks
at the JDRF/NIH Closed-Loop Research Meeting on Day #3 of ADA). He also briefly discussed future
directions for closed-loop research. We appreciated his view that we should avoid thinking of these devices
in isolation - for him, improvements will not depend on small differences between devices, but on real life
interactions between people and the technology. We believe this area of human factors - especially as
systems become more autonomous - will become increasingly important as systems move from feasibility to
commercialization.

▪ Dr. Bremer summarized some of the key future directions for closed-loop research: 1)
expanding identifiable virtual patient models and in silico studies; 2) combine insulin delivery and
CGM into a single device (interestingly, he called two sites a "big detriment" of current systems"); 3)
combining insulin delivery with other agents; 4) developing new insulin formulations and routes of
delivery; and 5) moving to the outpatient setting ("the big one").

Questions and Answers

Q: How did families deal with getting a pump and sensor at diagnosis? [In reference to the
DirecNet/TrialNet metabolic control study]

A: In our experience at Vanderbilt, the families in these studies were extraordinarily high functioning. Where
we felt most scared was when they went home. They went from knowing nothing to being taught how to use
the sensor and pump. That was often 48 hours after beginning to cope with a son or daughter's new disease.
We offered 24-hour patient support.

Q: Have you looked at changes over time in these patients?

A: That data is being processed. These patients are being followed. I did not put it on the slide, but our
primary endpoint is changes in C-peptide at one year. The hope was that early intervention would preserve
beta cell function. Two-year data will be forthcoming. [Editor's Note: Dr. Bremer did not share the
disappointing one-year results of this study shared by Dr. Bruce Buckingham at ATTD 2013; see page 10 of
our report at http://close.cx/ATTD2013]

Q: Moving into commercial availability, what is the FDA pathway?

A: The FDA has accelerated the development of diabetes devices, especially with LGS currently pending FDA
approval for use in the commercial setting. [Editor's Note: Given the Veo's three-plus-year delay in the US, we
thought this was an odd example of the FDA accelerating device approvals.]

Q: Are any closed-loop devices available commercially?

A: To my knowledge there is not one that is FDA approved and available here in the US.

Symposium: Continuous Glucose Monitoring (CGM) in the Management of Diabetes in
Pregnancy

CLOSED-LOOP IN TYPE 1 DIABETES IN PREGNANCY

Helen Murphy, MD (University of Cambridge, Cambridge, UK)

"What do we do in pregnancy?" asked Dr. Helen Murphy in her discussion of closed-loop systems. "Do we
accept the limitations of current technologies and work with the sensor and pump manufacturers and
algorithm engineers to improve them?" Dr. Murphy and her clinic believe they should have this dialogue
and have begun to explore how closed-loop systems can best be applied to patients with type 1 diabetes in
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pregnancy. "As with any new field," said Dr. Murphy, "it is best to start with something smaller and more
achievable." As such, her team has focused their closed-loop investigation on reducing nocturnal
hypoglycemia. Dr. Murphy and colleagues are about to embark on the first outpatient feasibility study
investigating overnight closed-loop control in pregnant women with type 1 diabetes (n=16). Patients will be
randomly assigned to either four weeks of overnight closed-loop control or sensor-augmented pump
therapy. Previous pilot studies in the clinical research facility suggested that nighttime closed-loop control
could indeed adjust insulin delivery safely and effectively in both early- and late-stage pregnancy.

JDRF/NIH Closed-Loop Research Meeting

PROGRESS REPORT - BRIEF OVERVIEW OF AP HIGHLIGHTS FROM THE LAST YEAR

Aaron Kowalski, PhD (JDRF, New York, NY)

Dr. Aaron Kowalski opened the meeting with a nice mix of optimism and realism: "We've made tremendous
progress, but the proof is in the pudding and we need to deliver…Here we are. We're on the cusp. It's go-
time right now." He provided a nice review of the major artificial pancreas (AP) achievements since ADA
2012, headlined by significant outpatient trial experience in the past year. Dr. Kowalski then ran through
each area of his six-panel roadmap to an AP - he detailed all the specific examples research groups are
doing in each area. At next year's ADA, Dr. Kowalski expects to see significant new data as a number of
trials report out. He concluded with optimistic gratitude, " As someone with diabetes and the brother of
someone who battles severe hypoglycemia, I really thank everybody. Everybody in this room is playing an
integral part in moving this field forward. We're not there yet. We have a low glucose suspend system
around the world, hopefully in the US soon."

▪ "We still need better tools to treat people with diabetes." Dr. Kowalski showed A1c, severe
hypoglycemia, and DKA data from the T1D Exchange - all emphasized his point quite well that
people with type 1 diabetes are not doing that well. We've become very familiar with these slides
given their growing presence in talks in the past year, though they are still jarring every time we see
them. Whenever we see those average A1c numbers at top clinical centers (well above 8%) and rates
of severe hypoglycemia as high as 14%, we're reminded that the needle still has plenty of room to
move.

▪ Dr. Kowalski's six-panel AP roadmap has guided JDRF's strategy in the past few years.
He emphasized that it was not designed to say, "This is the only way to develop an AP." Rather, it
was Dr. Kowalski's attempt at Voltaire's maxim: "Don't let perfection be the enemy of the good" - the
roadmap attempts to bring incremental devices to market that bring meaningful clinical outcomes.

▪ The "number one major advance" in AP research since ADA 2012 has been the
dramatic increase in outpatient experience with prototype systems ("absolutely
incredible"). Later on in his talk, he called Dr. Roman Hovorka's ongoing three-week,
unsupervised home study "absolutely amazing and "data that is going to be game changing." Other
important 2012-2013 achievements include(d) the release of the FDA's comprehensive AP guidance,
the recent FDA/NIH/JDRF workshop, 16+ approvals of new or significantly modified studies by
FDA, MHRA, and other regulatory bodies, and 32+ peer reviewed manuscripts and abstracts within
the JDRF consortium.

▪ Threshold low glucose suspend: "This is so incredibly important as a first step." Dr. Kowalski
highlighted the ASPIRE in-home data just published in the NEJM. Even just based on a threshold,
the study showed a significant 38% reduction in nocturnal hypoglycemia ("fantastic").
"Importantly," he noted, "A1c was similar in the two groups." He concluded the section
emphatically: "We can do this. This is real, and the risk is low."

▪ Predictive suspend/attenuation: Several studies are going on around the world, including work
at Medtronic, studies in Australia from Dr. Tim Jones' group, and joint work at Stanford/Colorado/
Western Ontario/Jaeb. These include several home studies.
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▪ Treat to range: Dr. Kowalski covered an broad array of ongoing work in this area, including
studies at UVA/Montpellier/Padova/UCSB/Sansum, AP@home, and Stanford/Colorado/Yale.
Exciting upcoming studies include a Helmsley Charitable Trusted funded camp study this summer,
multi-center treat-to-range studies, and trials at Yale testing missed meal boluses and exercise.

▪ Speeding insulin: Yale has upcoming closed-loop studies on the InsuPatch and hyaluronidase.
UCSB/Sansum are testing Roche's DiaPort and MannKind's Technosphere insulin.

▪ New algorithms: UCSB and the Illinois Institute of Technology are working on new algorithms,
especially those that deal with exercise and reduce the burden of meal announcements.

▪ Multi-hormone: A number of investigators are in this space, including Dr. Ken Ward's group in
Oregon (glucagon), the BU/MGH team's bihormonal work (the ongoing insulin/glucagon Beacon
Hill study and upcoming Summer 2013 camp studies; "lots of buzz"), and Yale's work on pramlintide
and upcoming work with liraglutide.

REMOTE MONITORING - SHOULD THERE BE MORE OR LESS REAL-TIME OVERSIGHT?

Roman Hovorka, PhD (University of Cambridge, Cambridge, UK) and Boris Kovatchev, PhD
(University of Virginia, Charlottesville, VA)

Dr. Roman Hovorka and Dr. Boris Kovatchev exchanged competing views about the role of remote
monitoring for artificial pancreas devices. Dr. Hovorka contended that remote monitoring is useful for data
collection but not worthwhile as an added safety feature. In his group's ongoing outpatient trial of
overnight control, the only safety measure is reversion to open-loop dosing; he noted that this feature has
been used safely in 10-15% of ~450 nights. In his rebuttal, Dr. Kovatchev said that the main value of remote
monitoring would be to diagnose problems proactively, while several other attendees spoke in favor of
reactive, real-time monitoring as well. These speakers argued that the costs of remote monitoring are low
and that the additional safety could be important, even if it doesn't make the system "bulletproof."

▪ Dr. Hovorka considers remote monitoring a "wonderful tool for data capture" during
clinical studies, but he is wary of using it for safety mitigation during clinical research.
He believes that the technology is not reliable enough to be a core safety feature. Also, once remote
monitoring has been introduced, researchers may have a hard time ever proving that the system is
safe enough to remove the monitors. He proposed that the failsafe for closed-loop products should
be a reversion to open-loop diabetes management - a strategy that has worked safely in roughly 450
nights of home use in his group's ongoing clinical study. (He indicated that reversion to open loop
has occurred on 10% to 15% of nights.) Looking to commercialized closed-loop products, Dr.
Hovorka said that he can see the utility of real-time remote monitoring for a patient's loved ones,
but he is more skeptical of the value for clinicians, given that healthcare providers already have so
little time to interact with patients.

▪ Taking the engineering perspective, Dr. Kovatchev argued that the chief benefit of
remote monitoring is not to respond to emergencies, but to diagnose issues in
advance. (We were unsure whether he meant diabetes problems, technical problems, or both.) He
added that remote monitoring would reduce the burden on local clinical staff and would allow
centralized teams of experts to address complex problems. Dr. Bruce Buckingham has shown that
remote monitoring can reduce hypoglycemia in a diabetes camp setting, Dr. Kovatchev noted. The
system operated 97% of the time in this study; given that it was "the first trial ever done," Dr.
Kovatchev suggested that the technology would improve from here. He envisions a gradual
progression toward a system that has vertical integration of the pump and sensor, a smart-phone
controller, and a cloud-based platform for data management. He explained that this design would
enable distributed computing (e.g., basic safety features on the pump, with increasingly complex
calculations on the smartphone and in the cloud).

Quotes from discussion
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Dr. Roman Hovorka: Our experience is that the educational barrier is not about closed-loop control; it's
about learning about pumps and CGM.

Dr. Aaron Kowalski: This is not an artificial-pancreas-specific issue…I think the idea that you can remotely
monitor and identify diabetes issues is a broad problem, and we don't do it with the technologies that we have
now.

Dr. Stuart Weinzimer (Yale University, New Haven, CT): It's a totally different scale once you release
these systems to the public. I will use John Mastrototaro's example: if 300,000 people use a system every
night for a year, that is 110 million nights.

Dr. Howard Zisser (Sansum Diabetes Research Institute, Santa Barbara, CA): I think that we get
lost in the idea that the system has to be bulletproof. I think that the goal is simply to make the risk as low as
possible.

Dr. Jonathan Javitt (Telcare, Bethesda, MD): An artificial pancreas is probably $500 to $1,000 of
electronics, at the end of the day. The cost of adding remote monitoring is under $50. The bandwidth cost of
transmitting that data at Telcare's connectivity rates is less than $5 per month, so I think that the economic
argument is challenging.

Dr. Jonathan Javitt: An artificial pancreas is probably $500 to $1,000 of electronics, at the end of the day.
The cost of adding remote monitoring is under $50. The bandwidth cost of transmitting that data at Telcare's
connectivity rates is less than $5 per month, so I think that the economic argument is challenging.

Dr. Jonathan Javitt: [Remote monitoring] is today's technology, and it's easily achievable. If it only saves
one life per 10,000, that's probably all it needs to do.

Bryan Mazlish (New York City, NY): My wife and I have a remote-monitoring tool for our seven- year-
old son. I think that we can all agree that there is a benefit to remote monitoring in general. With regard to the
artificial pancreas, at the end of the day, if you are okay with open-loop therapy and that is the failsafe, I don't
see why you need remote monitoring specifically to monitor the artificial pancreas.

Dr. Steven Russell (Massachusetts General Hospital, Boston, MA): I think that we will probably
move to automated monitoring. A system that sends alerts might someday be part of the business model:
what you are actually paying for is the remote-monitoring service, and the bionic pancreas is sold for free…I
am not sure what the right business model is, but I would not be comfortable without some kind of remote
monitoring.

Dr. Boris Kovatchev: Similar to Dr. Kowalski's progression toward the artificial pancreas, I suggest that we
view the current version of remote monitoring as a first step toward the final goal: remote diagnostics, vertical
integration, and distributed computing.

PERSPECTIVES ON INITIAL CLOSED-LOOP PRODUCTS

Bruce Buckingham, MD (Stanford University, CA) and Moshe Phillip, MD (Tel Aviv University,
Petah Tikva, Israel)

The debate led by Drs. Bruce Buckingham and Moshe Phillip asked whether treat-to-range techniques (such
as predictive low glucose suspend) worked better than full closed-loop control (either at day or at night).
Both researchers had conducted closed-loop studies, and they unsurprisingly came out strongly in favor of
the closed loop. They admitted that closed-loop control still has some safety issues to be mitigated, but they
were clear that it gave superior results. As Dr. Phillip put it: "Some people say 'perfection is the enemy of the
good,' but sometimes it's okay to be the best." In the discussion, Dr. Hovorka maintained that "the argument
that treat-to-range is better overnight [than closed loop] doesn't hold in any studies I have seen."

▪ Drs. Buckingham and Phillip considered four approaches to diabetes management -
two during the night and two at daytime. Predictive low glucose suspend (PLGS) anticipates
nocturnal hypoglycemia and avoids it by switching off insulin. Nocturnal closed-loop control
completely manages insulin administration with no input from the patient during sleep. (The chief
risk of nocturnal closed loop is that the sensor could fail or become impaired by drug interference.)
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Treat to range (TTR) during the day is similar to open loop, except that when the system detects
hypoglycemia or hyperglycemia, it takes action to keep the patient in the safe range. A daytime
closed-loop system would take total control of glucose levels during the day, without a pre-meal
bolus.

▪ Dr. Buckingham took the view that PLGS is highly effective - the sensor doesn't trigger
insulin dosing (so it's safer), severe hypoglycemia is avoided, and data clearly that
there is no increased risk of diabetic ketoacidosis (DKA). When comparing closed-loop
control to TTR in the daytime, he took the view that TTR really just creates a buffer zone for
inaccurate sensors - when sensors are more accurate, then the closed-loop system would do a better
job. However, he acknowledged that many safety aspects still need mitigating, such as sensor failure,
set failure, communication failure, and unrealistic insulin doses.

▪ Dr. Phillip took the view that nocturnal closed loop gives many benefits (reduces
variability, reduces mean glucose, improves time in range, reduces morning glucose, reduces patient
mistakes, improves quality of life, decreases the burden of alarms). In short, it has all the benefits of
PLGS. Dr. Phillip quipped, "Some people say 'perfection is the enemy of the good', but sometimes it's
OK to be the best."

Quotes from discussion

Dr. Aaron Kowalski: I used to think it would be hard to get approval for an overnight closed loop controller
… but I have flipped my opinion. We are significantly reducing risk versus open loop.

Dr. Roman Hovorka: Our experience is that closed loop works by reducing hypoglycemia risk. The
argument that treat to range [meaning PLGS] is better overnight [than closed loop] doesn't hold in any
studies I have seen.

Dr. Moshe Phillip: Almost any controller does very well at night. But if someone takes a big bolus before
they went to bed, then nobody's controller can't take the insulin away.

Dr. Steven Russell: I think the thing you are looking for is glucagon.

Dr. Tom Peyser (Dexcom, San Diego, CA): We have a membrane [that reduces acetaminophen
interference] that is being used in partnership with Edwards, and that will be part of a future product.

Dr. John Mastrototaro (Medtronic Diabetes, Northridge, CA): Our approach [to eliminate
interference from acetaminophen] has been to look at an orthogonally redundant sensor. One sensor is a
check for the other, and both don't behave similarly in the presence of interference. Which sensor do you
believe? We have some diagnostics, but you can always ask the person to double-check their blood glucose.

WHAT ARE THE CHALLENGES AND BENEFITS ASSOCIATED WITH MORE OR LESS
STANDARDIZATION IN OUTCOME REPORTING?

Steven Russell, MD, PhD (Massachusetts General Hospital, Boston, MA) and Rick Mauseth,
MD (Benaroya Research Institute at Virginia Mason, Seattle, WA)

Drs. Steven Russell and Rick Mauseth provided short lists of closed-loop metrics that they believe should be
standardized - there was a refreshing amount of overlap between their five-minute talks. In our view, there
is clear need for this in the AP research field, so we're glad to finally see some very tangible and visible
discussion of it.

▪ Dr. Russell emphasized that there is not a one-size fits all approach to
standardization, but it would be useful to have some common metrics. He proposed a
nice list of minimum standards for bionic pancreas study reporting: mean blood glucose and mean
CGM glucose over the study period, time in the specific ranges of <70 mg/dl and 70-180 mg/dl, use
of means ("we're not treating median people"), carbs per meal, carb interventions (timing and size),
exercise (type and intensity), insulin and glucagon dosing, when CGM calibrations occurred (what
was the criteria for doing them?), accuracy of CGM (MARD) and reporting percentage, any open
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loop interventions that are done, any system down-time and the causes of that down time, and data
excluded from analysis (was it pre-specified criteria?).

◦ "There is no reason not to show subject level data from all of these
experiments. You can learn a lot." Dr. Russell enthusiastically called for reporting
subject-level data, which he believes can be done in online supplements. The MGH/BU
team always does this in their publication (one page per patient showing CGM, blood
glucose, insulin data, glucagon data, meal information, and more). Dr. Russell's team has
gotten a lot of useful insights to improve their controller, and he believes publishing such
granular data could help others too.

▪ Dr. Rick Mauseth also discussed closed-loop metrics standardization, focusing on
controllers and system-level performance. He believes a comparison of controller efficacy
(e.g., AP@home's CAT trial) is possible, though it's highly dependent on study design. Additionally,
since controllers evolve incrementally and quite quickly, it's challenging to run head-to-head studies
before the controllers have already moved to the next version. Dr. Mauseth argued for comparison
metrics on basic system performance (e.g., how much of the time did itwork) and a focus on
reliability, robustness, and safety. He noted that JDRF consortium members have drafted a white
paper on this topic (Bequette, Doyle, Hovorka, Lum, Weinzimer, Zisser). In terms of system failure,
he questioned how groups are defining it and for how long. Other key areas for standardized
reporting include how a controller was initialized, when a missed reading or dose occurred and why,
whether there was interference (cable loose vs. restart), and details on the frequency of user action
(including calibration).

Quotes from Discussion

Dr. Steven Russell: JDRF has recently funded a project to develop a continuous insulin monitor. It will be
measuring insulin in close to real time. We will be able to measure pharmacokinetics and how long until
insulin levels in the interstitial fluid rise. That feedback can then be given to the closed loop controller.

Dr. Roy Beck: There's an awful lot to learn on a subject level. I agree with what you said about median. But
the same is true of the mean. You can lose a lot of the information when looking at the central tendency. In a
lot of these cases, we're interested in the extremes.

Dr. Roman Hovorka: I wanted to comment on the reporting a mean of population results. If I look at it
from the outside, closed loop is another therapeutic intervention. Any other study reports population means.
It's compare a standard treatment in a population. The AP is nothing different than that. Immunosuppressive
therapy treats an individual, just like an AP. But you always see population level mean plus errors.

Dr. Steven Russell: As we move to pharmacogenomics, there are drugs that have failed that will probably
be resurrected. Something that worked in 20% of people and did not in 80% of the people is going to fail a
phase 3 trial. That could still be a good drug.

Dr. Aaron Kowalski: It is astounding how far this field has come. This year is the tipping point. We're
going to have a tremendous amount of outpatient data for the next 12 months. It's going to be transformative.

Biodel Luncheon

GLUCAGON RESCUE DELIVERY DEVICE DEMONSTRATION

Gerard Michel (CFO and VP Business of Development, Biodel, Danbury, CT)

We had the privilege of attending a small luncheon hosted by Biodel to demonstrate its new prototype
glucagon rescue delivery device. As we noted in our recent Closer Look (http://close.cx/
BiodelGlucagonDevice), the company's new glucagon rescue product will use a dual chamber, automatic
reconstitution device - pictures of the device can be found at http://www.biodel.com/glucagondevicee/. The
device contains a lyophilized cake of glucagon, which can be delivered in three steps: 1) remove a cover and
twist (reconstitutes the glucagon and unlocks the front needle cover; 2) remove the needle shield; 3) push
plunger to give dose (the needle automatically retracts into the barrel following completion of a full dose).
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The device is expected to have two-year dating and come in 1 mg and 0.5 mg (children) doses. As of the
update in early June, the goal was an NDA filing in 2015 under the 505(b)(2) regulatory pathway. After
getting a demo and seeing the device in person, we believe it offers strong ease-of-use improvements over
the current Lilly and Novo Nordisk glucagon kits, though Biodel's solution is not yet as simple as an EpiPen-
like auto-injector. Still, we thought it did a good job of guiding a new user with arrows and number marked
on the device itself. CFO Gerard Michel described the design goal as making it "intuitive and panic proof."
We note that will neither yet knocks either criterion out of the park (it's first generation!), it does make
important strides forward on the simplicity and training fronts - standard of care right now has major
shortcomings on these fronts. As expected, we understand that Biodel is going to make further modifications
to simplify the device based on feedback from the diabetes community. Mr. Michel said the feedback has been
"very positive" on the device and its form factor (about 60 people total have attended over three days), though
some have not been fans of the twist (step one above). We particularly enjoyed the questions this session
stimulated, summarized below. As a reminder, Biodel is separately developing stable liquid glucagon
presentation for pump usage (and potential emergency usage); as of the last update, formulation work was
close to being finalized.

▪ What is the biggest barrier to more widespread glucagon rescue device penetration?
The training required? Unawareness that severe hypoglycemia is an important issue? Cost? Patient
perceptions that there is no reason to have a glucagon kit, as no one would no how to use it? An
unwillingness to train loved ones/friends on how to use the glucagon device, perhaps because it self-
identifies diabetes or suggests one is not managing diabetes well?

▪ Is there a market for a glucagon mini-dose indication for moderate hypoglycemia?
How do patients feel about this vs. just eating food? What is the optimal delivery presentation - pen,
patch, sublingual, intranasal?

▪ Have Lilly and Novo Nordisk contributed to the under-penetration of their glucagon
kits? Since both companies make insulin, is it really in their best interests to emphasize the dangers
of insulin and severe hypoglycemia?

▪ Who is the target market for a glucagon rescue product? Does it make more sense to
market to HCPs or direct to patients? We would argue for the latter, since a pull strategy from
patients has more potential to drive demand than a push strategy through already-busy HCPs.

▪ What role could a public awareness campaign play in expanding glucagon
penetration? Does it make sense to do this on a broad, societal scale, or focused on people with
diabetes?

▪ What color should a rescue device be? Should it be red to identify it easily during an
emergency, or perhaps a color/skin of one's choice to de-medicalize it?

▪ What are unique ways to train users on how to use a glucagon delivery device? Could a
training app be created for a smartphone, perhaps downloadable via a QR code on the outside of the
device?

▪ How have other rescue products, such as defibrillators and EpiPens, been widely
adopted? What lessons can be learned from the adoption of these technologies?

CGM and SMBG

Oral Sessions: Updates and Applications of Continuous Glucose Monitoring

A COMPARATIVE EFFECTIVENESS ANALYSIS OF THREE CONTINUOUS GLUCOSE
MONITORS (171-OR)

Steven Russell, MD, PhD (Massachusetts General Hospital, Boston, MA)

Dr. Steven Russell presented a head-to-head-to-head accuracy comparison of the Abbott FreeStyle
Navigator, Dexcom G4 Platinum, and Medtronic Enlite CGMs in 24 patients simultaneously wearing all
three sensors in 48-hour closed loop experiments - this expanded on some of the preliminary data shared at
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ADA 2012 in fewer patients. Dexcom's G4 Platinum was the most accurate sensor (MARD: 10.8%, 85% in
Zone A of the Clarke Error Grid), followed closely by Abbott's FreeStyle Navigator (12.3%, 84% in Zone A);
both were much more accurate than Medtronic's Enlite with the Veo algorithm (17.9%, 68% in Zone A). All
three devices had similar rate accuracy. Concluding, Dr. Russell discussed CGM calibration errors, noting
that they are still a problem and providing some rules for optimal calibration. We salute the team's strong
data-driven approach to closed-loop control - it certainly shows in their rapid progress, and we're guessing
it helps quite a bit when talking with the FDA.

▪ Dr. Steven Russell shared comparative CGM accuracy data from 48-hour, inpatient
closed-loop experiments in 24 patients (12 adults, 12 children). Patients simultaneously wore
the Abbott FreeStyle Navigator, Dexcom G4 Platinum, and Medtronic Enlite (Veo algorithm).
Calibration occurred per the manufacturer's schedule using reference blood glucose values
(GlucoScout) - before breakfast and dinner for the G4 Platinum and Enlite, and as prompted by the
Navigator (i.e., it asks for calibrations at specific intervals after the sensor starts). A 6 am "sanity
check" was also performed for the Navigator, and if the sensor value was far enough off, a calibration
would be forced. Reference blood glucose values were taken every 15 minutes with the GlucoScout
(n=4,657) and YSI was taken approximately every hour. Relative to YSI, the GlucoScout had a
MARD of 6% and a slope of 1.05 ("This is a very accurate device"). Some of the inaccuracy of the
GlucoScout was likely due to sampling error.

◦ Dexcom's G4 Platinum was the most accurate sensor (MARD: 10.8%, 85% of points in
Zone A of the Clarke Error Grid), followed by Abbott's FreeStyle Navigator(12.3%, 84%
in Zone A) and Medtronic's Enlite sensor (17.9%, 68% in Zone A). While the
CGM vs. YSI slopes of the Enlite and G4 Platinum were near one, the Navigator had a slope
of- this implies it tends to underestimate high blood glucose values. In the team's previous
study presented at ADA 2012, MARDs were 11.8% for the FreeStyle Navigator, 16.5% for
the Dexcom Seven Plus, and 20.3% for the Guardian.

▪ Dr. Russell noted that both the FreeStyle Navigator and G4 Platinum have lower
MARDs and narrower standard deviations relative to the Medtronic Enlite. We see this
narrowing of the spread in CGM accuracy as a very important advance, since it reduces the types of
large errors that frustrate patients. All three devices had similar rate accuracy (CGM rate of change
vs. plasma glucose rate of change).

▪ "CGM calibration errors are still a problem." Dr. Russell showed a study example from a
FreeStyle Navigator calibration when the blood glucose was rising sharply - the calibration shifted
the CGM curve right (relative to YSI) and made the Navigator inaccurate for the rest of the day. Dr.
Russell also candidly explained that calibration can also rescue poor accuracy - he showed another
example where an inaccurately reading sensor was quickly corrected after a calibration.

▪ The MGH/BU team has developed calibration rules for the ongoing outpatient Beacon
Hill study. Good times to calibrate are when the CGM rate of change is <1 mg/dl/min, it's been 15
minutes since the last glucagon dose, and when at least 30 minutes have passed since the last meal.
If it's not a good time to calibrate, the team waits until the aforementioned conditions are met.

Questions and Answers

Q: With this technology being so young, it's amazing how quickly these devices have developed
to become so accurate. They are pretty close to traditional meters.

A: If you give them the right calibration. That's still the Achilles of this technology. We had times when we
calibrated poorly because we didn't have these rules in place. Someone in the real world could fall prey to
those, and it could lead to a dangerous conditions. We need a way to translate what we do in highly supervised
settings to the real world.

Q: Which improvement is more important?
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A: Accuracy is important, but it's also important to reduce the variability of this accuracy. Ken Ward and
others have looked at the occurrence of large CGM errors. Reducing the incidence of very large errors is really
important as well. Those are the ones that can lead to inappropriate performance of the closed loop.

Q: In all of these studies, I would encourage comparison of the bihormonal approach with the
insulin-only approach. Only you can do that. The field needs that to establish the necessity of
glucagon. I would guess the average glucose would be substantially better with glucagon than
without, but we need that study.

A: Thanks for the comment. We have decided to go with the bihormonal approach given the limited amount of
effort we can spend and limited money. We're fairly convinced that there are circumstances where only
glucagon can prevent hypoglycemia - specifically, exercise. If you go into exercise with a normal blood glucose
and see an average rate of change of -2 mg/dl/min, you're hypoglycemic in 15 minutes. There's no way that
adjusting insulin can prevent that hypoglycemia. If you want truly closed loop with no carb interventions, the
only way to do that is with a counterregulatory hormone.

Q: Has your closed-loop work established an accuracy threshold for CGM?

A: I presented data on our closed-loop results on Friday. We've only used the FreeStyle Navigator and G4
Platinum to drive our algorithm. Our control is very good with those sensors. The Navigator has had a MARD
of ~12% in our studies. I can say that that's good enough. To the extent that you can get better than that with
G4 is great. What I cannot say is the upper threshold - what is the maximum you can have to still drive closed-
loop. I don't have clinical data on that.

A COMPARISON OF UTILIZING SMBG VS. CGM DATA TO OPTIMIZE GLYCEMIC PROFILES
AND GLUCOSE CONTROL IN PATIENTS WITH TYPE 2 DIABETES (170-OR)

Richard Bergenstal, MD (Park Nicollet International Diabetes Center, St. Louis Park, MN)

Dr. Richard Bergenstal and colleagues compared the impact of continuous glucose monitoring (CGM) vs.
structured self-monitoring of blood glucose (SMBG) on glycemic control in patients with uncontrolled type 2
diabetes (n=104). The trial assessed change in A1c, time in range (70-180 mg/dl), and percent of readings in
the hypoglycemic range. After four months, patients in both the CGM group and the SMBG group showed a
statistically significant improvement in A1c and time in range from baseline; no between group difference
was observed. However, when considering the percent of readings in the hypoglycemic range (blood
glucose <70 mg/dl, <60 mg/dl, or <50 mg/dl) CGM utilization conferred a more significant benefit. By this
metric, in fact, SMBG did not result in any significant changes from baseline. Dr. Bergenstal concluded that
effective utilization of either SMBG or CGM data can improve A1c, but that CGM may be more effective than
SMBG in reducing hypoglycemia whilst improving A1c in patients with type 2 diabetes.

▪ "No study to date has used CGM to compare the degree of glucose control achieved
using SMBG." We were certainly excited to see Dr. Bergenstal and his team be the first and hope
that his study will further fuel the conversation on CGM use and reimbursement in type 2 diabetes.

▪ Patients with uncontrolled type 2 diabetes (A1c >7%) were randomized to either
structured SMBG or real-time CGM (n=55 and 59, respectively); baseline therapy
varied. Patients were seen every two to four weeks for therapy adjustments, which were made by
reviewing the Roche Accu-Check 360 View for SMBG patients or the ambulatory glucose profile
(AGP) for CGM patients. Patients' baseline characteristics are outlined below.

Characteristic CGM Group SMBG Group

n 59 55

Number of Females 29 32

Age (years) 59.3 58.8
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Age of Onset (years) 11.8 12.7

Height (in) 67.6 67.2

Weight (lbs) 233.9 239.6

BMI (kg/m2) 34.5 37.1

Systolic Blood Pressure (mmHg) 132.3 128.4

Diastolic Blood Pressure (mmHg) 74.9 72.2

▪ Primary outcomes included change in A1c, time in range (70-180 mg/dl), and percent
of readings in the hypoglycemic range, when defined as blood glucose <70 mg/dl,<60 mg/dl,
or <50 mg/dl.

▪ After 16 weeks, patients utilizing both CGM and SMBG data saw a significant decrease
in A1c from baseline (p <0.001). Area under the curve (mg/dl x 24 hours) also improved
significantly (p <0.001). However, there was no significant between group difference for either
metric.

Study Arm Baseline A1c 16-week A1c P-value

CGM 8.19% 7.07% <0.001

SMBG 7.85% 7.03% <0.001

▪ Time in range (70-180 mg/dl) significantly improved in both groups (p <0.001);
however, only CGM utilization resulted in a significant reduction in the percent of
readings in hypoglycemia. Between group difference was significant for the percent of readings
<70 mg/dl (p <0.01), <60 mg/dl (p <0.01), and <50 mg/dl (p <0.05). Importantly, when
segmenting the data by medical therapy (insulin, sulfonylureas [SFU], or non-hypoglycemic agents)
CGM appeared to have a more pronounced benefit compared to SMBG in insulin- and SFU- treated
patients. In patients on non-hypoglycemic agents, this between group difference seemed to
disappear.

Questions and Answers

Dr. Robert Vigersky (Walter Reed National Military Medical Center, Bethesda, MD): In your
insulin-using patients, did you break out those who were on prandial insulin vs. basal insulin
and were there any differences in the results?

A: Excellent question. We have a lot of breaking out to do with the data. You saw there were 59 patients in the
CGM group and 55 patients in the SMBG group. When you break out these numbers among the various
therapies it is getting very hard; the numbers are too small. It does appear that the benefits continue to
expand the more aggressive the insulin therapy you are on, but again there's a handful of patients in each
group so I would be reticent to make conclusions.

Dr. Vigersky: Did you look at the use of CGM from a behavior modification approach? Did you
give any questionnaires to patients on quality of life or to see how they actually use the CGM?

A: We're just starting to look at that. We'll be reporting on that, but the top level is that they say, 'This is really
interesting. No one has really showed me my data before.' It wasn't that we made dramatic medication
changes, but that people saw their data and took some of their own action.

Dr. David Price (Dexcom, San Diego, CA): I was surprised that time spent in hyperglycemia
didn't change. Why do you think this was the case and what instructions did you give people
about how to modify their lifestyle? What did you tell people to do?
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A: There wasn't extensive real-time education; it was more that we explained the therapy and said, here's how
to look at numbers, but we didn't give them structured guidance. It was more look at your numbers and
understand what's happening. Then we did structured reviews each month.

HIGH PERFORMANCE OF A NOVEL SENSOR FOR CONTINUOUS GLUCOSE MONITORING IN
THE HYPOGLYCEMIC RANGE (172-OR)

Guido Freckmann, MD (Institute for Diabetes Technology at the University of Ulm, Ulm,
Germany)

Dr. Guido Freckmann presented data on the accuracy and precision of Roche's investigational CGM sensor.
People with type 1 diabetes (n=30) each wore two sensors for seven days, calibrating each sensor twice
daily. Every day, subjects performed self-monitoring of blood glucose (SMBG) tests at each of several time
points: bedtime, 3 am, before each meal, and one, two, and three hours after each meal. Also, on days two
and three, patients ate a high-glycemic-index breakfast with a delayed insulin bolus in order to cause large
glucose excursions; reference measurements were taken every hour for five hours after this meal. Sensor
accuracy was measured in mean absolute relative deviation (MARD) between CGM and SMBG values. The
aggregate mean MARD was 9.2% overall (n=6,801 paired measurements), 12.3% in hypoglycemia (≤70
mg/dl), 9.1% in euglycemia (71-180 mg/dl), and 8.5% in hyperglycemia (>180 mg/dl). Researchers also
measured the agreement between sensors, as described by precision absolute relative difference (PARD).
The aggregate mean PARD was 7.5% overall (n=281,394 paired measurements), 12.4% in hypoglycemia,
7.4% in euglycemia, and 6.4% in hyperglycemia. We agree with Dr. Freckmann that the data suggest
promise, but we do not think that the study design permitted a direct comparison to pivotal trials of
available CGM systems (because, e.g., the Roche sensor's accuracy was compared to measurements with the
same meter used for calibration, rather than a separate reference method).

▪ In this seven-day study of Roche's investigational CGM system, 30 people with type 1
diabetes each wore two Roche sensors concurrently. Patients had mean age of 47 years old,
mean BMI of 27 kg/m2, mean A1c of 7.7%, and mean duration of diabetes of 23 years. Half were
male, and 22 of the 30 used insulin pumps.

▪ To obtain reference measurements, patients tested their capillary blood glucose with
Accu-Chek Aviva meters roughly 15 times per day: before each meal; one, two, and three
hours after each meal; before bed; and at 3 am. Dr. Freckmann explained that at each time point,
two fingerstick tests were performed. The first fingerstick was used for calibrations and reference
measurements, but it was considered "valid" only if the second fingerstick was within 10% of the
first one - if not, testing were repeated until 10% agreement occurred. This certainly is a deviation
from real-life conditions (albeit not as much as if the two fingersticks had been averaged), and we
are not sure how much the performance data were inflated by this choice of study design.

▪ The sensors were calibrated two hours after insertion and twice every day thereafter.
The prototype sensors did not have the capacity for real-time calibration, so calibrations were
performed retrospectively. These retrospective calibrations were prespecified in a partial effort to
simulate prospective conditions: calibration was always performed with the same two tests every day
(the pre-meal test in the morning and the pre-meal test in the evening). However, as noted above, a
fingerstick was considered "valid" for calibration only if it agreed within 10% to another fingerstick
taken concurrently.

▪ On two study days, patients were fed high-glycemic-index breakfasts with a delayed
insulin bolus in order to produce a wide range of glucose data. Fingerstick tests were
performed every 15 minutes for the five hours following this meal. However, only one test per hour
was included in the analysis as a reference measurement. (According to Dr. Freckmann, including
more-frequent reference measurements would have made the sensor appear less accurate. As we
understand it, MARD would have been roughly 1.5% higher if the reference measurements included
the post-meal tests every 15 minutes rather than just the ones that occurred on the hour.) Evaluating
the accuracy of the CGM compared to the Accu-Chek Aviva blood glucose meter, the researchers
found that mean absolute relative deviation (MARD) was below 10% overall and below 14% in the
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hypoglycemic range. Data were presented in two ways: aggregate MARD (with all of the paired data
points pooled together) and average MARD (the average of the MARDs for each individual sensor).
Dr. Freckmann cited the user guides of the Dexcom G4 Platinum, the Abbott FreeStyle Navigator,
and the Medtronic Guardian REAL-Time to say that currently marketed CGM systems have MARDs
ranging between 12.8% and 19.7%. However, we caution that a direct comparison of those numbers
to the Roche sensor's MARD could be misleading, due to the unusual protocol for calibration and
reference measurements described above.

# CGM-SMBG

data pairs
Aggregate
MARD

# CGM sensors Average MARD

Overall 6,801 9.2% 59 9.2%

≤70 mg/dl 594 12.3% 55 13.6%

71-180 mg/dl 4,370 9.1% 59 9.2%

≥180 mg/dl 1,837 8.5% 59 8.3%

▪ To measure sensor precision, the researchers compared each patient's two sensors to
each other; they found that precision absolute relative deviation (PARD) was below
8% overall and below 12.5% in the hypoglycemic range. Data were presented in two ways:
aggregate mean PARD (the mean of all the paired data points pooled together) and average mean
PARD (the mean of the PARDs for each pair of sensors). To suggest a rough benchmark, Dr.
Freckmann noted that PARD for currently marketed sensors have been found to range from 15.3%
to 16.0% (Bailey et al., Diab Technol Ther 2009; Zisser et al., J Diabetes Sci Technol 2009) - of
course, differences in study design make a direct comparison difficult.

# CGM-CGM

data pairs
Aggregated
mean PARD

# sensor pairs Average mean
PARD

Overall 281,394 7.5% 29 7.6%

≤70 mg/dl 20,236 12.4% 27 12.1%

71-180 mg/dl 200,982 7.4% 29 7.5%

≥180 mg/dl 60,176 6.4% 29 6.4%

▪ Dr. Freckmann presented a simple simulation of the sensor's ability to detect
hypoglycemia below 55 mg/dl. To perform this analysis, the researchers looked at all of the
CGM values taken when the reference measurements was under 55 mg/dl. Of these CGM values,
79% were below 60 mg/dl, 88% were below 65 mg/dl, and 96% were below 70 mg/dl. These
percentages roughly correspond to how often a glucose value of 55 mg/dl or lower would be detected
by the CGM if its alarm threshold were set at 60, 65, or 70 mg/dl. However, the actual rates of
hypoglycemia detection and prediction would bedifferent if the CGM could use trend information
instead of just point estimates, so Dr. Freckmann looked forward to a that a true study of
hypoglycemia prediction/detection with the Roche CGM.

Questions and Answers

Q: With accuracy improving in the hypoglycemic range, can you think of other applications for
this sensor besides diabetes? We also monitor hypoglycemia in glycogen storage diseases and
other metabolic disorders.

A: Yes.
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Q: It seems currently that MARD is widely used as a measure for CGM accuracy. What is the
regulatory requirement for accuracy, in order for a system to become commercially available?
I do not see such a clear-cut requirement as the ISO standards for blood glucose meters.

A: I am not aware of such a clear-cut threshold. Currently CGM devices are approved only as adjuncts to blood
glucose meters.

INSERTION SITE PERFORMANCE DIFFERENCES FOR A FLUORESCENCE-BASED
CONTINUOUS GLUCOSE MONITOR (176-OR)

Xiaoxiao Chen, PhD (Senseonics, Germantown, MD)

Dr. Xiaoxiao Chen presented data from a recent 29-day clinical trial of Senseonics' implantable continuous
glucose monitor (n=24 patients, each with one-to-two sensors implanted in the wrist, upper arm, or
abdomen). He showed that the fluorescence-based sensor appears to be more accurate when placed in the
upper arm or abdomen (MARD <12%, Clarke A >80%) rather than the wrist (MARD 13.1%). Dr. Chen
attributed the between-site differences to the wrist's greater temperature fluctuations. These temperature
fluctuations affect the sensor's fluorescence, which seems to have led to worse accuracy (even though the
system is designed to account for temperature changes). Dr. Chen concluded that Senseonics is now focused
on developing sensors for implantation in the abdomen or upper arm.

▪ Dr. Chen described Senseonics' current plans for the design of its CGM. The device
would consist of four elements: a sensor, a transmitter, a smartphone for data display, and a Web-
based data management system.

◦ Senseonics' subcutaneously implanted sensor uses a glucose-binding,
fluorescent polymer hydrogel inside a rigid PMMA encasement. Also inside the
encasement is a light-emitting diode (LED) to excite the fluorescence, as well as two
photodiodes to filter the light and detect fluorescence. When glucose reversibly binds to
the hydrogel, the hydrogel fluoresces more strongly. As for shape and size, the sensor is a
rounded cylinder with a length roughly equal to the diameter of an M&M.

◦ Fluorescence data are wirelessly sent from the sensor to a transmitter that is
worn on the body, near where the sensor is implanted. The transmitter converts
the raw sensor data into glucose values and trends. Depending on the glucose signal, the
transmitter can issue its own alarms and alerts by vibration and/or LED lights.
Additionally, the transmitter wirelessly sends power to the sensor via near-field
communication. The transmitter sendsglucose data via Bluetooth low energy to a
smartphone, where they are displayed for patients. The data will also be stored online.

◦ The transmitter looks fairly similar to the transmitters worn with current
CGM, albeit perhaps a bit larger. Based on the pictures that Dr. Chen showed, the
transmitter appears to be thicker than a typical smartphone, with a 'footprint' roughly half
the size of a playing card. Relative to Senseonics' previous plans of using a transmitter
embedded in a wristwatch, we think that the new design offers less of a convenience
advantage compared to current CGM. That said, we think that many patients would be
excited for a CGM that does not require frequent sensor insertions and that eliminates
concerns about the sensor itself falling out.

▪ Dr. Chen described the results of a 29-day study that included 24 patients wearing
one-to-two sensors in various sites: the wrist, the upper arm, or the abdomen. The
study included six clinical visits, each at least eight hours long, during which sensor accuracy was
compared against YSI reference values. Dr. Chen mentioned during Q&A that calibration was
required twice daily, but we are unsure of the details.

▪ Sensors implanted in the wrist had a mean absolute relative deviation (MARD) of
13.1% - slightly less accurate than sensors in the upper arm (MARD 11.5%) or abdomen
(9.4%). A similar pattern was seen for performance in the Clarke Error Grid zone A (77% wrist,
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83% upper arm, 91% abdomen) and in the Continuous Glucose Error Grid zone A (78%, 84%, 85%).
This pattern of relative accuracy was consistent for measurements in hypoglycemia, euglycemia, and
hyperglycemia.

▪ The discrepancy between sensor sites was attributed to greater temperature
fluctuations in the wrist than in other sites. The average difference between minimum and
maximum temperatures in the wrist was found to be 6.4C, as compared to 4.4°C in the upper arm
and 4.0°C in the abdomen. The wrist also had a faster average rate of change: 2.5°C per hour, as
compared to 1.0C per hour in both the upper arm and abdomen. Someone during Q&A noted that
the wrist is also exposed to more ambient light, but Dr. Chen indicated that the sensor is designed to
block external light sources.

Questions and Answers

Q: Is this system self-calibrating?

A: It requires two calibrations per day.

Q: Your system is photodynamic. Can it be affected by external light sources?

A: Yes, it could be affected by ambient lights. But our sensor is designed to block light from other sources.

Q: So sunlight would not affect it.

A: It could, but we do have a design to block the ambient light.

A NEW PERCUTANEOUS OPTICAL FIBER SENSOR WITH LONGER LIFE TIME (177-OR)

Achim Muller, MD (EyeSense, Grossostheim, Germany)

Dr. Achim Muller presented a small study of 10 people with diabetes wearing EyeSense's percutaneous
optical fiber CGM (FiberSense). The fiber is placed 5 mm under the skin (abdomen or upper arm) and
connects to a base plate on the surface of the skin that fixes the sensor; a rather clunky detector is then worn
on the body and reads the sensor data via a small cable. MARDs ranged from 7.8-8.8%, and 93- 94% of/
points were in Zone A of the consensus error grid (Zone B was the remaining 6-7%). For hypoglycemic,
euglycemic, and hyperglycemic ranges, MARDs consistently averaged below 10%. The device was worn by
patients for up to four weeks, and error over time only deteriorated in the last few days. Dr. Muller
attributed this to the adhesive between the base plate and the skin, not the sensor itself. The accuracy data is
encouraging, though the study was quite small. A major limitation we see is that the device does not look
user friendly to wear - this will be key for the company to improve if it seeks to commercialize this CGM. It
was also unclear whether the data was displayed real-time during the study, or whether it was
retrospectively calculated. We would assume the latter since we did not see a receiver screen in the picture
of the device.

▪ The accuracy and acceptability of EyeSense's FiberSense CGM was tested in 10 people
with diabetes for up to four weeks of wear time. The study included six in-clinic
measurement sessions with glucose challenges (3.5-4.5 hours each) and laboratory blood glucose
taken every 10 minutes. Five off-clinic measurement sessions (up to five hours each) were also
performed, with SMBG taken every hour. There were 947 reference-CGM pairs for the upper arm
placement and 857 reference-CGM pairs for the abdominal placement. To measure clinical
acceptance, patients were asked to compare the EyeSense device to the Dexcom Seven Plus on
comfort.

▪ Patients rated the FiberSense a 4.0/5 for overall upper arm comfort and a 2.8/5 for
abdomen comfort; this compared to 4.2/5 for the Dexcom Seven Plus worn on the
abdomen. The slide noted that comfort was "comparable" to the Dexcom, though we would note
that the abdomen rating for overall comfort was substantially lower. No p-values were presented.
There were "no or only very mild skin effects" after four weeks of wearing FiberSense.
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INCREASED TIME IN NEAR-NORMOGLYCEMIA AND REDUCED TIME IN HYPOGLYCEMIA
IN PATIENTS WITH TYPE 1 DIABETES USING A PERSONAL GLUCOSE PREDICTIVE
DIABETES ADVISOR: A RANDOMIZED CONTROL TRIAL (173-OR)

Eric Renard, MD, PhD (Montpellier University Hospital, Montpellier, France)

Dr. Eric Renard detailed a phase 2a, randomized, controlled, crossover study of the DIAdvisor. The small
tablet device/software takes CGM, food, and insulin data, predicts blood glucose on a 20-minute time
horizon, and offers therapy recommendations (e.g., "take four units of insulin"). This study compared the
DIAdvisor system to SMBG alone (with blinded CGM) over three-day in-clinic admissions in 56 patients
with type 1 diabetes. Use of the DIAdvisor system significantly reduced time spent in hypoglycemia (<70
mg/dl) by 38% (p=0.02) and significantly increased time in target (70-180 mg/dl) by 8% (p=0.03).
Encouragingly, the reduction in hypoglycemia did not correspondingly increase mean blood glucose. We
wish the control group had been able to use real-time CGM, as SMBG alone plus blinded CGM vs. the
DIAdvisor plus real-time CGM is not quite a fair comparison in our view (i.e., the results of this study do not
make it clear if the glycemic benefits are due to DIAdvisor's advice or simply the addition of CGM). Still, we
are big fans of the DIAdvisor approach, as we believe there is so much room to improve the utility of CGM
and make open-loop therapy easier for patients. Such advances could have real clinical impact, but should
not be subject to the higher regulatory burden of closed-loop systems. Our fingers are crossed for much
more movement on this front in the coming years. The current system is still somewhat early stage in our
view, so we look forward to further work on DIAdvisor: at-home trials, algorithm improvements to
increase the prediction horizon to 30-40 minutes, and integration with CGM (the current version connects
the Seven Plus receiver to a tablet PC).

▪ The DIAdvisor gives patients advice on therapy adjustments (e.g., "Take four units of
insulin") based on real-time CGM data and patients' inputted information on insulin
and food. The algorithm predicts glucose on a 20-minute time horizon. The DIAdvisor2 platform
includes a small tablet containing the DIAdvisor 2 patient software and a display, a Dexcom Seven
Plus CGM, a Hemocue glucometer, and a Window 7 laptop with DIAdvisor 2 clinician software. The
Seven Plus receiver connects to the UMPC with a cable, meaning patients have to carry both devices.
It will be key to make this wireless in the future, and we would expect this to happen should the
project continue.

▪ The DIAdvisor 2 Study occurred at three centers in Europe and included 56 patients
with type 1 diabetes. Patients had a mean age of 39 years and were 77% male. Fifty-three percent
were on an insulin pump and 47% used MDI. Baseline A1c was not provided.

▪ Study participants underwent a four-week run-in period with CGM, followed by a
meal test and randomization to use of the DIAdvisor or a control condition. The control
group used SMBG alone (no limit to number of tests) plus blinded CGM. The DIAdvisor group used
real-time CGM along with advice from the DIAdvisor. After randomization, patients had a three-day
hospital admission and subsequently crossed over to the other arm of the study. The 60-hour study
period had seven meals, including one large lunch meal and one meal with a delayed insulin bolus
(two hours after meal start). The study also incorporated 30 minutes of exercise.

▪ Relative to the control group, use of the DIAdvisor reduced time spent in
hypoglycemia (<70 mg/dl) by 38% (p=0.02) and increased time in target (70-180 mg/
dl) by 8% (p=0.03). Encouragingly, the reduction in hypoglycemia did not correspondingly
increase mean blood glucose - 153 mg/dl in the DIAdvisor group vs. 154 mg/dl in the control group
(p=0.66). The percentage of time spent in hyperglycemia decreased slightly in the DIAdvisor group
(28% vs. 31%), but the result was not statistically significant (p=0.14). We note that only 45 of the 56
patients were included in this analysis, as nine patients did not follow at least 50% of DIAdvisor
advice and two patients had algorithm dysfunction (e.g., no correction bolus was recommended in
cases of sustained hyperglycemia).

▪ Compliance with CGM and the DIAdvisor's advice varied but was generally good - 44%
of patients (n=25) had >70% CGM data availability and compliance to DIAdvisor advice, and 36%
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(n=20) had >70% CGM data availability and 50-70% DIAdvisor compliance. Sixteen percent (n=9)
had compliance <50%, and 4% (n=2) had algorithm dysfunction.

Questions and Answers

Q: Does your algorithm learn from its predictions - is it adaptive?

A: I'm not aware of that. The prediction itself is based on CGM data. As it stands, there is no adaptive mode,
but it could be added in further developments.

Dr. Robert Vigersky (Walter Reed National Military Medical Center, Bethesda, MD): You gave
three challenges to patients that are common in daily life - late insulin, exercise, and a high
carb meal. I'm wonder if you could tell us if the algorithm performed equally in all those three
types of challenges. Was it better in one?

A: There was no significant difference according to meals or exercise. The system was giving quite faithful
advice related to meal size or exercise, and there was no specific condition where it appeared to be better.

Oral Sessions: ADA President's Oral Session II

A DEFINITIVE MULTICENTER RCT TO RESTORE HYPOGLYCEMIA AWARENESS AND
PREVENT RECURRENT SEVERE HYPOGLYCEMIA IN ADULTS WITH LONG-STANDING
TYPE 1 DIABETES: RESULTS FROM THE HYPOCOMPASS TRIAL (387-OR)

Stuart Little, MBBS (Institute of Cellular Medicine, Newcastle University, Newcastle, United
Kingdom)

Mr. Stuart Little presented the intriguing results of the HypoCOMPaSS trial, a 24-week 2x2 factorial
randomized control trial (RCT) conducted in adults with type 1 diabetes and impaired awareness of
hypoglycemia (IAH). The objective was to compare analog multiple daily injections (MDI) vs. insulin pump
therapy (CSII), as well as to compare self-monitoring of blood glucose (SMBG) vs. real-time continuous
glucose monitoring (RT). The primary endpoint was the difference in validated IAH Gold score at 24 weeks.
The study had monitoring arms with and without real-time continuous glucose monitoring (RT) and insulin
delivery arms of multiple daily injections (MDI) and insulin pump therapy (CSII). Ninety-six subjects were
included in the study with the inclusion criteria of aged 18-74 years, C- peptide negative type 1 diabetes, and
a gold score ≥4. All participants were provided with standardized 2 hour HypoCOMPaSS education focused
on hypoglycemia avoidance. All groups were provided with equivalent input and follow up visits, with the
goal being rigorous avoidance of biochemical hypoglycemia without relaxation of overall HbA1c. At the end
of 24 weeks, the study population had an overall significant improvement in Gold score as well as a
significant reduction in episodes of severe hypoglycemia. Both MDI and CSII had very similar biomedical
outcomes. In patient-reported outcomes, both MDI and CSII had similar levels of fear of hypoglycemia,
though CSII had significantly higher treatment satisfaction than MDI. Equivalent benefits were observed
between SMBG and RT in both biomedical outcomes and patient-reported outcomes. Dr. Little concluded
through these results that IAH can indeed be improved and that recurrent severe hypoglycemia can be
prevented through strategies targeted at avoiding biochemical hypoglycemia without relaxation of overall
glycemic control. Other than satisfaction being higher in the CSII group compared to the MDI group, no
significant differences were observed between MDI and CSII as well as between SMBG and RT.

▪ Dr. Little stated that IAH affects approximately 25% of those with type 1 diabetes and
that severe hypoglycemia is six times more likely to occur in those with IAH.

▪ While 92% of participants were affected by severe hypoglycemia in the year before the
trial, only 19% were affected during the trial. Seventy-seven percent were affected in six
months before the trial. The number of severe hypoglycemia episodes per participant per year was
reduced from 913 to 12, with the mean HbA1c remaining unchanged.

Questions and Answers

Q: Can you comment on the different adjunct treatments in terms of education and follow- up
that allowed them to reduce overall episodes of hypoglycemia?
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A: All patients received standardized education about how to avoid hypoglycemia. Further analysis will look at
the differences between the responders and non-responders.

Posters

IMPROVED HYPOGLYCEMIC ACCURACY, ALERTS, AND DETECTION WITH THE G4
PLATINUM CGM SYSTEM (391-P)

Thomas Peyser, Lucas Bohnett, and Katherine Nakamura

This poster presented new methods, referred to as "severe hypoglycemic detection rate" and "true severe
hypoglycemic alarm rate," to gauge the accuracy of Dexcom's G4 Platinum CGM in the hypoglycemic range.
Data for this poster comes from Dexcom's G4 Platinum pivotal study in 72 patients (13,538 paired CGM-YSI
points. The severe hypoglycemia rate is defined as the percentage of CGM measurements that show any
hypoglycemia (≤70 mg/dl) when the YSI value indicates severe hypoglycemia (≤55 mg/dl). The true severe
hypoglycemic alarm rate is essentially the reverse of the first metric: it tracks the percentage of YSI values
that show any hypoglycemia (≤70 mg/dl) when the CGM shows severe hypoglycemia (≤55 mg/dl). The G4
Platinum's severe hypoglycemic detection rate was a strong 90%, and its true severe hypoglycemic alarm
rate was 79%. This represents a solid improvement over the respective 76% and 67% rates for the Dexcom
Seven Plus. The poster concludes that this improved performance in hypoglycemia detection may increase
patient confidence in CGM, which in turn could boost utilization rates and ultimately patient outcomes. Dr.
Irl Hirsch expressed sincere enthusiasm for this improvement in his talk on CGM and hypoglycemia. We're
glad to see new metrics to evaluate the accuracy of CGM, especially in the hypoglycemic range. It's also
great to see metrics that mimic the more real-world experiences of patients. We salute Dexcom for really
raising the visibility and level of conversation related to CGM accuracy. In the past year, it seems that
presentations from companies are being held to a higher standard and viewed with a more discerning eye.
This is a major plus in our view, since CGM data is subject to fiddling, manipulation, and misrepresentation.

▪ Both of the study's two new hypoglycemic tracking methods were devised to better
match the patient experience, in which hypoglycemia is typically treated the moment
blood glucose drops to 70 mg/dl or below. Both methods are consistent with the 2013 ISO
15197 guidelines, which call for required hypoglycemic accuracy of 15 mg/dl.

▪ The multicenter study collected nearly 15,000 paired data points between the G4
Platinum and YSI values from 72 subjects. Of these, 13,538 paired points indicated a YSI
blood glucose value of 40-400 mg/dl, while 1,373 paired points showed YSI values below 80 mg/dl.
For more on Dexcom's pivotal study of the G4 Platinum, see our ADA 2012 report at
http://www.closeconcerns.com/knowledgebase/r/11c4fcda.

DIFFERENCES BETWEEN CONTINUOUS GLUCOSE MONITORING (CGM) SYSTEMS MAY
INFLUENCE FREQUENCY OF CGM USAGE: PERSISTENCE OF CONTINUOUS GLUCOSE
MONITORING (CGM) USE IN A COMMUNITY SETTING ONE YEAR AFTER PURCHASE
(886-P)

James Chamberlain, Dana Dopita, Emily Gilgen

This comparison study explored whether the differences in performance and usability between different
CGM devices may help explain why patients continue or discontinue CGM use. As the authors noted,
patients often reduce or end their use of CGM soon after the start of use, despite CGM's documented clinical
benefits. This could be seen to reflect a general flaw with present CGM technology; however, the authors
presented survey data suggesting clear differences in patient satisfaction with the Medtronic MiniLink vs.
the Dexcom Seven Plus. According to the survey, 76% of Seven Plus users wore their CGM daily or almost
daily a year after purchase, compared to just 19% of MiniLink users; this seemed to corroborate differences
in user satisfaction between the two CGMs. The authors argued that patient perception of the performance
and usability of various CGM devices can potentially have a strong influence on the frequency of real-world
use, which in turn can affect patient satisfaction and, ultimately, clinical outcomes. As such, the authors
suggested that clinicians, payers, and patients themselves would be well-served to incorporate these
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perceptions of specific CGM devices into their overall assessment of the utility of CGM in general. In our
view, this study, despite working with a fairly small sample size, does provide an effective reminder of a
basic but overlooked point in any discussion of CGM's place in patient care; patients do not respond
positively or negatively to CGM in the abstract, but rather to their specific experiences with specific systems.
We encourage caution in interpretation of the results, however, as the next-generation systems are
considerably easier to use and more accurate than the systems used in this study. While it is helpful to see
the data, we believe that doctors won't be able to use it too actively since next-generation systems are now
available for one of the products and the other is hoped to be approved by the FDA by year end (it has been
available globally except in the US since 2009).

▪ When asked if they would purchase the same system again, 44% of MiniLink users and
a whopping 92% of Seven Plus users said they would; 44% of MiniLink users said they
would be open to trying another system, compared to just 16% of Seven Plus users.
Among the 28% of MiniLink users who wore their CGM less than 1 week per month, 50% reported
accuracy and reliability concerns (including sensor and signal problems) as key reasons for
infrequent use; only one Seven Plus user fell into this usage category, with the reason being that
more frequent use was "too expensive."

▪ For those respondents who continued to use the CGM almost daily, the majority (52%)
of Seven Plus users attributed their satisfaction to being able to know where their
glucose was at all times. Most MiniLink (50%) users in this category attributed their satisfaction
to feeling it improved their glucose.

Felt It

Improved

My Glucose

Helped

Prevent

Very Low/

High

Glucoses

Helped

Make

Better

Decisions to

Manage

Diabetes

Like

Knowing

Where

Glucose

Was At All

Times

Other

Medtronic MiniLink (n=8) 4 (50%) 3 (38%) 0 (0%) 1 (13%) 0 (0%)

Dexcom Seven Plus (n=29) 4 (14%) 10 (35%) 0 (0%) 15 (52%) 0 (0%)

▪ For those who used their CGM less often than almost daily, the biggest reason among
MiniLink users was that the CGM did not appear accurate enough (31%); cost (20%)
and sensor site irritation (17%) were also mentioned frequently. Seven Plus users who
used their CGM less often than almost data had reactions that were fairly evenly split between cost
(22%), being tired of having two insertion sites (22%), pain or irritation at sensor sites (22%), and
other (22%).

Glucoses Improved

So I No Longer

Needed It

Continuously

Cost Was

Too

Expensive

For Me

CGM Did Not

Seem Accurate

Enough

Frustrated with

"Bad Sensors" or

Loss of Signal

Alarms

Frustrated

with How

Frequently It

Alarmed

Medtronic

MiniLink

(n=35)

1 (3%) 7 (20%) 11 (31%) 4 (11%) 2 (6%)

Dexcom

Seven

0 (0%) 2 (22%) 0 (0%) 1 (11%) 0 (0%)
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Plus

(n=9)

Tired of Having

Two Insertion Sites

Sensor

Sites

Painful

Or

Irritating

System Stopped

Working and I

Chose Not to

Reorder

Other

Medtronic

MiniLink

(n=35)

3 (9%) 6 (17%) 0 (0%) 1 (3%)

Dexcom

Seven

Plus

(n=9)

2 (22%) 2 (22%) 0 (0%) 2 (22%)

▪ Participants were also asked how much training they had received in CGM use. Almost
half (47%) of MiniLink respondents said they had received initial training and one or two follow-up
sessions, which was also the most common response (39%) for Seven Plus users.

Multiple

Training/Follow

-Up Sessions

Initial

Training

and 1-2

Follow-Up

Sessions

Initial

Training

Only

Used

Online

Resources/

Training

None

Medtronic MiniLink

(n=43)

5 (12%) 20 (47%) 16 (37%) 1 (2%) 1 (2%)

Dexcom Seven Plus (n=38) 4 (11%) 15 (39%) 12 (32%) 6 (16%) 1 (3%)

COMPARATIVE ACCURACY EVALUATION OF SIX BLOOD GLUCOSE MONITORING
SYSTEMS (BGMSS) (873-P)

Leslie Klaff, Ronald Brazg, Kristen Hughes, Ann Tideman, Holly Schachner, Patricia Stenger,
Scott Pardo, Nancy Dunne, Joan Parkes

This Bayer-supported study compared the accuracy of six blood glucose monitoring systems (BGMS): Bayer
Contour Next, Roche Accu-Chek Aviva Nano, Abbott FreeStyle Lite, J&J OneTouch Ultra 2, J&J OneTouch
Verio Pro, and Truetrack. Across the entire blood glucose range (21-496 mg/dl) and including modified
blood samples (i.e., by glycolysis or the addition of glucose solution in vitro in order to obtain extreme
glucose levels), Contour Next had a significantly lower mean absolute relative difference (MARD) than the
other systems tested. Across the entire blood glucose range excluding modified samples, Contour Next's
MARD remained significantly lower than the other systems tested. When restricting the analysis to blood
glucose <70 mg/dl, Contour Next had a significantly lower MARD than all systems when modified samples
were included and had a significantly lower MARD than all systems but FreeStyle Lite when modified
samples were excluded. Blood glucose monitoring system accuracy continues to be at the forefront of BGM
discussion and we look to the FDA to see when it will revise its pre- or post-market accuracy requirements
for meters; we had expected this some time ago in the aftermath of the FDA public hearing on SMBG
accuracy in 2010 (read our Day #1 and #2 reports from the meeting at http://close.cx/
FDAmeetingSMBGday1 and http://close.cx/FDAmeetingSMBGday2, respectively. Of note, the poster's
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authors write that ISO standards are often used to evaluate the performance of individual blood glucose
monitoring systems; however, they posit that "other analyses may be better suited for evaluating
comparative accuracy of multiple meters." To this end, the study focused on MARD (using YSI for reference)
to evaluate the meters included in the study.

▪ Study staff collected blood samples from 146 individuals with type 1 or 2 diabetes; the
same sample was used to test each BGMS and to obtain YSI results. In order to obtain
extreme glucose values, blood glucose was raised in vivo through carbohydrate (CHO) ingestion or
CHO ingestion with delayed insulin administration and blood glucose was lowered through a
delayed meal, insulin administration and a delayed meal, or short periods of exercise. If extreme
blood glucose levels were not met in this fashion, samples were modified in vitro by either glycolysis
or the addition of glucose solution.

▪ Five hundred thirty eight blood samples were evaluated in the study; 438 were
unmodified, 50 were modified by glycolysis, and 50 were modified by the addition of glucose
solution. Blood glucose ranged from 21-496 mg/dl by YSI measurement, a range that all six systems
were designed to accommodate. In the case that a meter displayed a "low" reading as opposed to a
numerical value, blood glucose of 20 mg/dl was assigned. This occurred two, four, and 31 times for
the Free Style Lite, OneTouch Ultra 2, and Truetrack meter, respectively.

▪ Across all samples, including modified ones, the Contour Next had the lowest mean
absolute relative difference (MARD) of 3.09%, followed by the Accu-Chek Aviva Nano at
4.17%. Across all samples, excluding modified ones, the Contour Next had the lowest MARD of
3.07%, followed by the Accu-Chek Aviva Nano at 4.02%.

Blood Glucose RangeSample
Type

Meter
System

YSI <70 mg/dl YSI 70-180

mg/dl
YSI > 180 mg/

dl

YSI 21-496

mg/dl

N MARD N MARD N MARD N MARD

Contour Next 135 4.28% 172 3.26% 231 2.58% 538 3.09%

Accu-Chek

Aviva Nano

135 7.24%* 172 3.61% 231 3.05% 538 4.17%*

OneTouch

Ultra 2

135 20.91%* 172 9.01%* 230 6.62%* 537 10.84%*

FreeStyle Lite 135 6.08%* 172 8.36%* 231 12.86%* 538 9.60%*

OneTouch

Verio Pro

134 9.47%* 172 4.11% 230 3.92%* 536 5.23%*

All Samples

Truetrack 135 24.24%* 172 7.60%* 231 9.17%* 538 12.32%*
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Contour Next 85 3.51% 172 3.26% 181 2.16% 438 3.07%

Accu-Chek

Aviva Nano

85 5.99%* 172 3.61% 181 2.91%* 438 4.02%*

OneTouch

Ultra 2

85 15.96% 172 9.01% 180 6.71%* 437 9.61%*

FreeStyle Lite 85 4.05% 172 8.36%* 181 12.12%* 438 9.31%*

OneTouch

Verio Pro

84 7.83%* 172 4.11% 180 3.53%* 436 4.80%*

Unmodified
Samples
Only

Truetrack 85 13.56%* 172 7.60%* 181 9.29%* 438 9.70%*

* Denotes that the MARD for Contour Next was significantly lower (p <0.05)

CLINICAL EVALUATION OF A PROTOTYPE 7-DAY CGM SYSTEM (865-P)

Bradley Liang, Taly Engel, Stracie Haller-Wich, Xiaolong Li, Megan Little, Keith Nogueira,
Cyrus Roushan, Ashley Sullivan, John Welsh, Jerome Fischer, Rajiv Shah, Francine Kaufman,
Scott Lee

This retrospective study evaluated the accuracy, consistency, and lifetime of a prototype seven-day
subcutaneous CGM sensor with a nine-millimeter implant. Blood glucose and sensor data were simulated
through the commercially available six-day, real-time Paradigm Veo calibration algorithm and a novel
CGM algorithm. Twenty patients with either type 1 or type 2 diabetes participated in the study over two
seven-day wear periods. The study found the novel sensor to be accurate (11% MARD and 99% within
Clarke A+B) and consistent (97% of sensors having a MARD <20%). The mean functioning life of the
prototype sensor was 6.4 days, and 86% of the readings met the International Organization for
Standardization (IOS) requirements for blood glucose monitoring self-testing systems. Using one
calibration per day instead of two only reduced the sensor accuracy slightly (86% vs. 83%, according to IOS
values), although it did increase the MARD slightly (11% for one per day vs. 12% for two per day).
Additionally, the sensor slightly reduced blood glucose-sensor glucose delay, displayed a bit more data, and
had a longer life than the reference sensor (4% increase for both). The poster also emphasized the
importance of mechanical deformation on the noise level, noting that proper adhesion is necessary for the
best readings. We think these accuracy and reliability improvements are encouraging, though await a
larger, prospective, real-time study of the calibration algorithm.

▪ Twenty patients with either type 1 or type 2 diabetes participated in the study over two
seven-day wear periods. Patients had either one or two glucose sensors transmitting to a
Medtronic iPro2 recording device and MiniLink transmitter. Most of the sensors were worn between
144 and 168 hours (full range not given). Typical testing involved four to six blood glucose entries
per day, with three periods of frequent sampling tests (days one, three to four, and six to seven)
during which 12 or more blood glucose samples were taken over three hours. All blood glucose
concentrations were measured with Bayer's Contour Next Link meter.

▪ There is certainly room to improve CGM accuracy with better algorithms, an approach
Dexcom recently committed to in its 1Q13 call - as a reminder, a new G4 Platinum algorithm
is expected to improve MARD by a full two percentage points, meaning the G4 should have some
days during the week with a sub-10% MARD. FDA filing is expected in late 2013/early 2014. We
expect the new algorithm to be a software upgrade, which would be a huge plus for patients who will
not need to obtain a new receiver. We will be interested to see if Medtronic pursues a similar
approach with its CGM pipeline.
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FEASIBILITY ASSESSMENT OF THE MINIMED DUO DEVICE: COMBINED INSULIN
DELIVERY AND GLUCOSE SENSING (970-P)

Kirsten Nørgaard, Gayane Voskanyan, Sumona Adhya, Henrik Egesborg, Julie Theander,
Pratik Agrawal, and Rajiv Shah

This feasibility study evaluated the accuracy and time spent in-range (70-180 mg/dl) of the MiniMed Duo, a
device that combines the Enlite CGM sensor and an insulin infusion catheter under a single patch (see our
page 95 of our ADA 2012 report at http://close.cx/ADA2012FullReport on the feasibility of adjacent insulin
infusion and glucose sensing). The three-day study of 20 type 1 patients included two, 12-hour inpatient
sessions (days one and three) with three meals on each day. Participants were required to wear both the
MiniMed Duo and the Enlite sensor alone. Accuracy was slightly worse for the MiniMed Duo, which had a
MARD of 19% vs. 16% for the Enlite alone. We note that most of the inpatient time was spent in range (90%
on day one, 100% on day two), which might limit the real-world applicability of the study's accuracy
findings. From these results, the researchers concluded that the integrated sensor and infusion device can be
used successfully and may reduce the burden for patients with diabetes. While a combined CGM and insulin
infusion is a desire of many patients, we believe the discordant wear times present a problem not just for
manufacturers but also for patients - CGMs last longer than infusion sets and generally get more accurate
over time. The key question on our mind is how much patients and HCPs would be willing to trade off
potentially worse overall accuracy over three days vs. a combined system. We look forward to hearing
Medtronic's commercialization plans for the MiniMed Duo, as this has not been mentioned in the company's
earnings call or analyst day discussion of its pipeline. We note that this device was on display in Medtronic's
exhibit at ATTD 2013; see pages 118-119 at http://close.cx/ATTD2013.

▪ The study assessed patients during two, 12-hour inpatient observations on day one
and day three (7 am- 7 pm). During these 12 hours, participants ate three meals and took insulin
boluses and "frequent" (not defined) blood glucose tests. Participants wore an Enlite sensor alone on
the opposite side of the abdomen.

▪ Twenty adults with type 1 diabetes were recruited for the study. The mean age was 47
years, 45% were male, and the mean duration of diabetes was 23 years. All participants were
accustomed to using sensors and Medtronic pumps (17 regularly wore sensors while three only
occasionally wore their sensors). The two-hour postprandial blood glucose values (19 subjects, 114
meals) were 138 mg/dl on both days, with a mean time of 138 minutes to return to preprandial
levels. The average maximum blood glucose observed in the study was 199 mg/dl, which suggests to
us that the system was not fully tested for a wide range of glycemic values.

▪ The MiniMed Duo had a accuracy comparable to, though slightly worse than, the
Enlite sensor alone.

Integrated set (N=18) Enlite (N=19)

Mean ARD (%) 19 16

Median ARD (%) 14 12

Clarke Grid A+B 96% 97%

▪ MiniMed Duo had a high mean satisfaction score of 6.6 on a Likert scale (with 7 being
the best) and a low pain level at insertion score of 0.45. Results were not given for the
Enlite alone, making a comparison impossible. While we were happy to see high satisfactionand low
pain, it's hard to understand the implications without a comparison to the Enlite-alone insertion and
satisfaction.
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Symposium: Intensifying Therapy Using Technology and Teams

PROMOTING PATIENTS' ENTHUSIASM ABOUT BLOOD GLUCOSE MONITORING

William Polonsky, PhD (Behavioral Diabetes Institute, San Diego, CA)

Dr. William Polonsky gave a stirring talk on the motivation underlying self-monitoring of blood glucose,
framing the problem realistically: "If you're asked to collect numbers for something having to do with your
health, and you feel like you cannot do much with those numbers, and it makes you feel bad about yourself,
would you keep collecting them?" He then provided a valuable literature review to highlight some of the
most common feelings about SMBG that patients endorse. Dr. Polonsky also offered four tips to motivate
patients to perform SMBG, followed by a short discussion of gamification/ apps and CGM. He concluded
that "blood glucose monitoring is just a tool. It's not a therapy."

▪ Dr. Polonsky reviewed some of the most commonly endorsed (and fairly
discouraging) patient beliefs about SMBG. In his own 2009 study of 483 poorly controlled
insulin naïve type 2s, a striking 81% of patient said they blame themselves when a reading is high.
Additionally, 32% said SMBG results makes them feel bad, 34% find the results discouraging, 21%
believed there was nothing they could do with the result, and 22% felt there was no rhyme or reason
to the numbers.

◦ In a survey of ~1,000 type 2 patients (in press), there were three major
contributors to the belief that SMBG is not worth doing: 1) burdensome
(expensive and painful); 2) pointlessness ("I can't do anything about the number anyway"
and "my doctor's comments aren't helpful"); and 3) discouraging ("I often know it will be
high, and I'd rather not have to see it," "the result often makes me feel bad, so I'd rather
not check," and "it makes me think about diabetes more than I want"). Measures of
avoidance and pointlessness were most strongly predictive of how often patients tested.

▪ Dr. Polonsky shared four tips that can promote patients' enthusiasm to test:

◦ First, SMBG must address a perceived patient need (e.g., elevated A1c, worries
about hypoglycemia, making sure the right medications are being used).

◦ Second, it's key to use structured SMBG testing so that actionable data
patterns may be observed. Dr. Polonsky supports using very simple paired testing
(e.g., pre- and post-meal), which promotes behavior changes that can make a huge
difference. He shared a case study of an obese man with type 2 diabetes that refused to
exercise. The man's one week experiment of paired testing before and after walking made
him realize something "really shocking": exercise lower blood glucose! Dr. Polonsky
recommends that this type of discovery learning approach be practiced in seven-day
experiments (i.e., there is "too much noise" in blood glucose meters to do it just once).

◦ Third, help patients see how SMBG data is actionable - not chaos, not blame.
Dr. Polonsky supported the use of problem-focused coping: "Not 'what did you do wrong?'
but 'what do you/we do next.'"

◦ Last, somebody has to do something useful with the data ("This is what drives me
nuts about recent review articles that say blood glucose monitoring isn't useful innon-
insulin-using type 2s"; he just wrote an editorial on this topic in Diabetes Care). Dr.
Polonsky showed the Accu-Chek 360 view blood glucose paper tool, noting that the
graphing "makes it pop" for patients and physicians (i.e., seeing the results on a chart helps
make things visible and guide changes in therapy). In the STeP study, this tool made the
biggest difference for physicians, who were much more likely to make aggressive, targeted
changes in therapy. Dr. Polonsky also reviewed the St. Carlos study (Duran et al., 2010) of
structured testing, calling it "really amazing data." What about apps and gamification? Dr.
Polonsky expressed cautious optimism in this area, though noted that most apps out there
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are logbooks. Still, he "hope(s) this is going to turn into something wonderful." We listened
carefully for any mention of his favorite app(s), though he didn't comment on this front.

▪ "CGM changes everything…we're turning blood glucose into a worthwhile activity." Dr.
Polonsky enthusiastically highlighted the benefits of CGM, especially trend arrows. He reviewed his
2011 study of users and ex-users, highlighting that CGM users feel more confident they can avoid
hypoglycemia, feel safe when they exercise, feel safe when they are sleeping, are more confident they
can control their diabetes.

Questions and Answers

Q: Would you like to come to Little Rock, Arkansas?

A: Yes!

Q: Often what I see is like your case study - when patients quit testing because they don't
perceive any value from it. They stop testing and then they are labeled as non-compliant.

A: Thank you so much. When people stop testing, we have certain labels - they are non-compliant, stupid, etc.
Instead, we should remember that our patients are acting rationally. Just like us, if you're doing an activity
that seems like a waste a time, you will give it up. We need to refrain from using those labels.

Q: What's your philosophy behind paired testing? Why is it so powerful when patients can see
the before and after?

A: The major reason is because we want people to see that their actions make a difference. One of the biggest
problems in diabetes is that it is a relatively invisible disease. It's easy to ignore. This is the ultimate tool - it's
a very simple technique and can be done with very little testing. We find that it's really empowering for
patients.

USING PAIRED TESTING - EDUCATING PATIENTS ON SELF-MONITORING OF BLOOD
GLUCOSE

Deborah Greenwood, MEd, CNS, BC-ADM, CDE (Sutter Medical Foundation, Sacramento, CA)

Ms. Deborah Greenwood, the "president elect elect" of the American Association of Diabetes Educators,
described her group's study of self-monitoring of blood glucose (SMBG) in type 2 diabetes patients not using
insulin. The 12-week randomized, controlled trial enrolled people who had been involved in a telehealth
diabetes program for at least one year, but still had A1c between 7.0% and 10.9% (n~1,000). Patients were
randomized to receive standard care or an intervention that included education, automated and
personalized feedback via an electronic tablet, and structured SMBG (pre-and-postmeal tests every day,
switching to different meals in different weeks). Ms. Greenwood did not reveal top-line data but did share
the story of one study participant named Maria. Maria was initially intimidated by her blood glucose data,
but then experienced a "transformation" midway through the trial. By eating differently and exercising
more (even running a 5k race at week 10), Maria dropped her A1c from 7.3% to 6.6% during 12 weeks. "Not
till I tested in pairs did I REALLY see how important my eating and activity was," Maria wrote in her
journal. "In many ways this study has saved my life, it has given me the tools to give years to my life living
with diabetes." These quotes certainly attest to the power of structured SMBG, and we hope that many other
patients in the study have had similar epiphanies.

Symposium: Hypoglycemia in Clinical Practice (Supported by Merck)

IMPACT OF CONTINUOUS GLUCOSE MONITORING ON RISK OF HYPOGLYCEMIA - AN
UPDATE

Irl Hirsch, MD (University of Washington School of Medicine, Seattle, WA)

Before beginning, Dr. Irl Hirsch dedicated his presentation to Dr. Richard Rubin: "I have nothing but
amazing memories over the years. He was a true inspiration to many of us. I miss him greatly." Dr. Hirsch
then proceeded with a stellar review of hypoglycemia and CGM, emphasizing a few key points: 1)
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hypoglycemia remains a major barrier to glycemic control (and is linked to a 4-10% lifetime risk of death);
2) CGM has the potential to reduce this burden; 3) CGM accuracy is less than perfect, especially in
hypoglycemia, but it's improved from earlier generations (he was particularly psyched about the 90%
"severe hypoglycemia detection rate" with Dexcom's Gen 4); 4) CGM accuracy is lower on day one; 5) like
many aspects of diabetes therapy, patients need to be active participants with use of CGM; and 6) as CGM
continues to evolve, it appears possible that there could be major improvements in the burden of
hypoglycemia in type 1 diabetes. In the immediate future, Dr. Hirsch believes benefits on hypoglycemia
should be most obvious with CGM activated insulin interruption (i.e., low glucose suspend). However, "the
major" unanswered question for him is whether this technology will be available to the people who need it
most.

▪ Hypoglycemia is not a benign problem - 4-10% of the population of pediatric and
young adults with type 1 diabetes actually die from hypoglycemia. This point was disputed
in Q&A, though Dr. Hirsch clarified that this represents lifetime risk of death (he went back to the
original studies to double check). He also showed T1D Exchange data on the 12-month frequency of
severe hypoglycemia, which ranges from 6% in the youngest age group up to 14% in those over 50
years old. "This is absolutely huge," he noted.

▪ Although the DCCT established a clear inverse relationship between severe
hypoglycemia and A1c, the link has not been confirmed in the T1D Exchange. Patients in
the Exchange have a rate of severe hypoglycemia ranging from 6-9%, quite consistent at all A1c
levels. This was puzzling to Dr. Hirsch, and after offering a few unlikely explanations, he admitted
the real answer to this question - "We don't know, but these numbers are too high." Dr. Hirsch
highlighted two things that are required to reduce or eliminate the risk of severe hypoglycemia: 1) an
accurate CGM device and 2) a knowledgeable patient that is proactive and makes adjustments for
food and insulin. He emphasized that a "knowledgeable" patient is NOT synonymous with
"compliant" or "adherent." Current CGM technology has improved over less accurate early
generation devices, though there are still a few key areas for improvement: accuracy in
hypoglycemia is still lower than that at more in range values, day one accuracy is worse (an "Achilles
heel") than accuracy on subsequent days, and accuracy is lowest during times of rapid glucose
change. Dr. Hirsch emphasized that the inaccuracy of initial CGM devices led to lots of initial
frustration with the technology (overall MARDs of 20-26% with the Guardian RT, GlucoWatch, and
Dexcom STS);

▪ Dr. Hirsch reviewed the accuracy data on Dexcom's Gen 4 CGM; he was quite positive
on the device's 90% "severe hypoglycemia detection rate." The severe hypoglycemia
detection rate is defined as the percentage of CGM values that are <70 mg/dl when the YSI reads
<55 mg/dl. This is poster #391 (Peyser et al.) at ADA 2013. He also highlighted the~80% of values in
Zone A of the Clarke Error Grid. Still, he noted that Dexcom's accuracy can improve in hypoglycemia
and on day one.

▪ Dr. Hirsch also summarized the accuracy of Medtronic's Enlite sensor from an ADA
poster last year ("not in the US, but available in most countries"). He showed a display of the
accuracy data based on rate of glucose change (a "smart way to present"; Bailey et al., Poster 30LB at
ADA 2012). As would be expected, lower rates of change had better accuracy: MARD was 13.6% at
<1 mg/dl/min and 12.9% at 1-2 mg/dl/min, much better than 16.3% when glucose changed rapidly
at >2 mg/dl/min. He reiterated the same limitations as those covered on the Dexcom slides: worse
accuracy in hypoglycemia (a 17% MARD for <75 mg/dl vs. 12.6% for 70-180 mg/dl) and worse
accuracy on day one (15.9% vs. 11.8% on day three and 13.6% overall).

▪ "Even the best CGM won't help if the patient is not able to or interested." Dr. Hirsch
reviewed the now commonly accepted belief that level of CGM use predicts A1c decline - this finding
has been demonstrated in STAR-1, STAR-3, the JDRF CGM trial, and in T1D Exchange data.

▪ Per JDRF CGM trial data, the technology is beneficial for patients who have already
achieved excellent glycemic control ("A very important trial that I must continually
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point out to payers in Washington"). At baseline, those in the JDRF CGM trial with an A1c<7%
spent a median of 91 minutes per day in hypoglycemia; after 26 weeks on CGM, this droppedto just
54 minutes, while the control group had no improvement (JDRF Study Group, Diabetes Care 2009).

Questions and Answers

Q: Can you discuss the problems of CGM detecting hypoglycemia at night vs. during the day?

A: The big issue with nocturnal hypoglycemia is that even when everything is working perfectly, the patient is
in too deep a sleep. The CGM doesn't wake the patient up and do its job. It's often a spouse or a parent that
wakes up. The other thing is that patients don't want to be bothered with it, so they turn the alarms off during
the day and forget to turn them back on at night. Regarding the problem of accuracy if the device is slept on, I
don't think that's as big of a problem now as it was with previous generations. The big issue is people sleep
through the alarms.

Dr. Robert Engler (GlySens, San Diego, CA): With implantable CGM, we find that with falling
glucose, the implanted sensor actually leads the blood YSI, whereas with a rise in glucose it
trails it. Timing is very important for hypoglycemia detection. Can you say whether the MARD
and statistical data you showed is different for a rising vs. falling glucose?

A: You'd have to ask the engineers. I showed rate of change for Enlite. I did not have access to data for
Dexcom. Data anecdotally shows that this is not as big of a problem. I want to be clear - there is still a lag time
for interstitial fluid. Given the physiology of interstitial fluid, I'm not sure that's a problem that can go away
with this technology.

Q: I'm a little confused with the mortality rate from hypoglycemia - 4-10% of patient die? I'm
certainly not losing 4-10% of my patients to hypoglycemia.

A: It's not per year. It's risk of death in lifetime. I went back to each of these studies and made sure I was
reading it right. If I'm recalling it correctly, I got this from Phil Cryer's review article. It wasn't every year it
was in someone's lifetime. And these are relatively recent data. Phil did I get that right? Dr. Phil Cryer
(Washington University School of Medicine, St Louis, MO): Yes.

Q: Is it known whether lower accuracy on the first day is a function of the sensor chemical
reaction itself? Is it calibration?

A: I'm going to leave that for the engineers at Medtronic and Dexcom. My understanding is that it has to do
with the wound produced when the catheter goes in. There is inflammation around that wound, and that
happens until that wound heals up. That's why it may be difficult to get that first day MARD a lot better. In
our institution, we are thinking about using CGM in non-ICU settings. What's really hurting us is the fact that
the first day is not as accurate as we would like it to be. That's a big reason why it has been decided not to use
CGM for surgical procedures and short span stays in the hospitals.

Q: I had an educator tell me to put on a new sensor the day before or 12 hours before taking off
the previous one. This allows time to warm up. Do you recommend that?

A: I haven't been recommending it. However, if the issue is the wound and inflammation causing the
inaccuracy, maybe that would be nice. That would be a very nice and easy study to do - it would be great to do
that study. It makes a lot of common sense.

NOCTURNAL HYPOGLYCEMIA IN DIABETES

Stephanie Amiel, MD (Kings College London, London, United Kingdom, London, UK)

Dr. Stephanie Amiel gave a whirlwind review of nocturnal hypoglycemia studies tracking all the way back
to 1936 and the Somogyi phenomenon, which suggests that nocturnal hypoglycemia precipitates
hyperglycemia. Dr. Amiel undermined this hypothesis by demonstrating the lack of a counterregulatory
stress response to hypoglycemia in deep sleep (Jones et al., NEJM 1998). Instead, she argued that nocturnal
hypoglycemia is associated with morning hypoglycemia and often precedes diurnal hypoglycemia by
blunting patients' stress response and symptom response to daytime lows. Her historical overview showed
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how the field's understanding of this topic has improved and also how the insulins used to manage
hypoglycemia have improved. However, as Dr. Amiel said in her introduction, nocturnal hypoglycemia is
still common. The nighttime poses a particular challenge to patients because it represents the longest
interval between meals, the longest interval between self-monitoring, and the time of maximal insulin
sensitivity. She pressed that nocturnal hypoglycemia needs to be actively sought - we still don't routinely
ask our patients about their hypoglycemia experience, said Dr. Amiel. "[Nocturnal hypoglycemia] can be
diminished," she concluded, "even pending the availability of new technologies."

Questions and Answers

Q: With kids it is important for them to get frequent exercise. One of the things we found
helpful was reducing insulin during exercise. We also found that if blood sugar was above 180
mg/dl at bedtime, there was low risk for hypoglycemia. And above 130 mg/dl greatly reduced
the risk.

A: We need to understand how to use insulin and teach our patients that knowledge.

Q: Is there data to suggest that giving Levemir (insulin detemir) in the morning instead of at
bedtime works?

A: That is a common response for people who experience hypoglycemia at night. I feel strongly that once-
daily background insulin is not ideal. My preference is to use Levemir in the morning and at bedtime. It also
gives you the ability to adjust the dose.

Q: You implied that the Somogyi rebound isn't so. Could you elaborate?

A: What he was describing was in a very different era. With current studies, there is very little evidence that
hypoglycemia in the night is a major driver of hyperglycemia in the morning. My own interpretation comes
from perhaps the fact that we know in deep sleep hypoglycemia doesn't have a counterregulatory response.

Q: Do you think "dead in bed" occurs in patients with type 2 diabetes?

A: I have never been asked that before. I can't see why it would be different once a patient with type 2 diabetes
has the same kind of insulin deficiency as in type 1 diabetes. Hypoglycemia-related death can certainly occur
in patients with type 2 diabetes on SFUs, but whether it's the same mechanism, I don't know. But death
certainly can occur.

Q: Nocturnal hypoglycemia has become a major focus for new basal insulins. Do you think
there is a real pathophysiological difference between hypoglycemia in the day and nocturnal
hypoglycemia?

A: The most important difference is the lack of a counterregulatory stress response. One of the nice things
about new agents intended to cause less hypoglycemia is that they raised the awareness among health care
professionals.

HYPOGLYCEMIA IN HOSPITALIZED PATIENTS - ETIOLOGY AND PREVENTION

Joel Zonszein, MD (Montefiore Medical Center, Bronx, NY)

Dr. Joel Zonszein provided a comprehensive review of outpatient and inpatient studies investigating
intensive insulin therapy (IIT), hypoglycemia, and mortality. The collection of inpatient trials to date has
not presented a uniform message as to the relationship between IIT and mortality; however, he stressed
that the association between hypoglycemia and increased mortality is clear. Further, Dr. Zonszein said that
hypoglycemia has been associated with greater hospital cost, length of stay, and morbidity. He reminded
the audience that blood glucose monitoring is an important component to preventing hypoglycemia. We
were struck by the statistic that fingerstick testing costs ~$2.5 million dollars per year in a large institution
like Montefiore (Bronx, New York). This doesn't mean we should test less, said Dr. Zonszein, it means we
should make sure we test in a meaningful way. Dr. Zonszein spent the remainder of his presentation
comparing iatrogenic to spontaneous hypoglycemia and suggested that iatrogenic hypoglycemia is
associated with lower mortality (Boucal, Am J Med 2011).
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Symposium: Continuous Glucose Monitoring (CGM) in the Management of Diabetes in
Pregnancy

POTENTIAL USE OF CGM IN NEWBORNS WITH HYPOGLYCEMIA

Jane Harding, DPhil (University of Auckland, Auckland, New Zealand)

Dr. Jane Harding discussed the possibility of using continuous glucose monitoring (CGM) to detect
hypoglycemia in newborns. To set the stage for her presentation, she explained that hypoglycemia is the
commonest metabolic disorder in newborns and the only common preventable cause of brain damage in
newborns. Hypoglycemia (blood glucose <47 mg/dl) is estimated to occur in 5-15% of all births. Dr.
Harding believes that CGM can potentially uncover the duration, frequency, and severity of hypoglycemia
and can be used to better understand the effects of interventions. Currently, said Dr. Harding, we do lots of
blood tests and treatments without being sure they are changing the outcome. However, the inaccuracies of
today's CGM technology are particularly un-ideal in newborns. CGM tends to be least accurate in the first
24 hours and most problems in newborns occur during this time period, especially in the first two to four
hours after birth. Dr. Harding concluded that CGM is a "wonderful research tool" in newborns, but it is not
yet a "day-to-day tool."

▪ "Either we are missing a whole lot of hypoglycemia or CGM is detecting a whole lot of
hypoglycemia that doesn't matter. It is very important to know which one of these is true
before we start using CGM clinically." In the BABIES study cohort (n=102 babies ≥ 32 week old and
at risk of neonatal hypoglycemia), newborns received routine clinical care (intermittent blood
glucose measurement) plus blinded continuous interstitial glucose monitoring. CGM detected 266
episodes of low blood glucose lasting five to 475 minutes and only 19% of these episodes were
detected by intermittent blood glucose measurement. Further, of the 107 hypoglycemic episodes
lasting >30 minutes (an arbitrary threshold, she said), only 27% were detected by intermittent blood
glucose measurement (Harris et al., J Pediatr 2010).

▪ Dr. Harding highlighted three CGM inaccuracies that make it less valuable to newborn
patients: 1) CGM takes one to two hours to initialize and tends to be least accurate in the first 24
hours; however, most problems in newborns occur in the first 24 hours; 2) CGM has a delayed
response to rapid changes in blood glucose, but babies often have rapid changes in glucose
concentration; and 3) CGM needs calibration at extremely low glucose concentrations (blood
glucose <2.2 mM [40 mg/dl]) and this is where glucose concentration is of most concern in
newborns. In one of Dr. Harding's studies, she applied a modified retrospective calibration
algorithm to the CGM, such that the CGM trace had to go through each individual blood glucose
value taken by intermittent monitoring.

▪ "It would be nice to know if [47 mg/dl] is the right number." Dr. Harding explained that
she defined hypoglycemia as 47 mg/dl because it is widely regarded as the threshold for considering
treatment, "not because I can defend it strongly." An underlying theme to Dr. Harding's
presentation was the need for greater understanding of the clinical significance of low blood sugar in
newborns. We were also impressed by the novelty of CGM research in newborns and were excited to
see CGM being applied to this patient group. Neonatologist Dr. Harding began working with CGM
just five years ago.

Questions and Answers

Dr. Ken Ward (Oregon Health and Science University, Portland, OR): I would like to comment
that we've been doing some work with newest Dexcom gen 4 sensor and it has a low delay time
and I know the new Enlite sensor [editor's note - Medtronic; CE marked, but not yet FDA
approved] has a low delay too. New-generation sensors might make the delay less. My
question was about the recalibrated data. Can you only do that retrospectively or can you
apply it real time?
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A: At the moment, we have only done it retrospectively. I am sure it could be built into a real-time algorithm
but the question is how many points do you want to draw in? With regard to the delay, perhaps it would be
better to wait a little bit to respond with treatment, so perhaps it might work in our favor.

CGM IN NORMAL AND OBESE WOMEN INSIGHTS FROM CLINICAL STUDIES

Teri Hernandez, PhD (University of Colorado Anschutz Medical Campus, Aurora, Colorado)

Dr. Teri Hernandez discussed the goals of using CGM in pregnant women without diabetes and the
limitations of research to date. Throughout her talk she emphasized the value of CGM as a clinical and
research tool that gives a wealth of granular data, as well as a "Gestalt" picture of overall glycemic control.
However, she pointed out that CGM-based metrics can be tricky to define (e.g., what exactly is "fasting
glucose"?), and she called for her colleagues to develop standardized metrics. She also lamented the dearth
of good glycemic data in pregnant women without diabetes - as of 2011, only 12 such studies had ever been
conducted (total n~250), only six had used CGM (total n~150), and hardly any of the patients studied had
been obese. Thus healthcare providers have a hard time knowing what the "normoglycemic" targets should
be for women with diabetes. However, even based on published data, Dr. Hernandez made a strong case
that normoglycemic glucose excursions tend to be much smaller than the targets that are currently
recommended for one-hour and two-hour postprandial glucose values (120 and 140 mg/dl, respectively).
Another notable finding has been that obese women tend to have higher glucose values than non-obese
women, both early and late in pregnancy (Harmon et al., 2011 Diabetes Care).

Questions and Answers

Q: It is important to take into consideration the type of CGM. The algorithms for retrospective
CGM may not be the same as real-time systems.

A: This is how geeky I am: I have learned the physiology of the sensors we are using, and the engineers for
that company are sick of talking to me. Yes, that is a great point - retrospective vs. real-time matters.

USE OF CGM IN WOMEN WITH TYPE 1 DIABETES MELLITUS IN PREGNANCY - A
RANDOMIZED TRIAL - LESSONS LEARNED

Elizabeth Mathieson, MD (University of Copenhagen, Copenhagen, Denmark)

Dr. Elizabeth Mathieson reviewed a randomized trial of intermittent use of Medtronic's Guardian REAL-
Time CGM in pregnant women with type 1 or type 2 diabetes (n=154; Secher et al., Diabetes Care 2013).
Women in both groups performed rigorous glycemic management using seven daily tests of plasma
glucose; indeed, Dr. Mathieson remarked several times that she was proud of the control group's results.
Unfortunately, more women in the CGM group had newborns that were large for gestational age (45% vs.
34%), even in the per-protocol analysis (49% vs. 34%). The incidence of severe neonatal hypoglycemia was
similar in the CGM group and control group (13% vs. 14%), though CGM use showed a tendency toward
improvement in the per-protocol analysis (11% vs. 19%). Dr. Mathieson concluded that the results do not
support routine, intermittent use of real-time CGM in unselected pregnant women with diabetes. She
instead said that the study highlights the importance of improving CGM sensor accuracy and patient
friendliness. She noted that sensors have improved beyond the Sof- Sensor used in this study, and during
Q&A she said that she still even prescribes the Sof-Sensor for women who are at especially high risk of
severe hypoglycemia during pregnancy.

Questions and Answers

Comment: I think that the study shows the remarkably good care you have given to these
patients in the control group. It is interesting that there was no improvement compared to the
control group. Maybe the problem was data overload, similarly to when a patient gives you
15-to-20 fingerstick tests a day - you don't know what to do with them. Maybe data
interpretation is a problem as well.

A: I had been working with CGM for 5-to-10 years prior to initiating this study. I thought that I knew what I
was doing.
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Q: The performance of the sensors was considerably worse than what we usually see in a real-
time setting with non-pregnant people. Might this be due to using them in a pregnant
population?

A: In this lecture I gave you some accuracy data from a non-pregnant published study. I have seen similar
results in non-pregnant studies - that the accuracy is around 20 mg/dl different. Not only is the average
sensor different from the meter, but this bias is not consistent. A recent paper looked at precision in the
hypoglycemic range and found it not useful. In this study we used the Sof-Sensor. Since then, other, more
precise sensors have come out. Even though I have these results, I still use these devices in selected women
with high risk of severe hypoglycemia, and I do find them useful.

Q: Despite equivalent values with A1c, you have 45% incidence of LGA in the CGM group and
34% in the self-monitoring group. I wonder - is it possible that we are looking at the wrong
analyte with regard to fetal growth? I recall research showing a stronger relationship of
gestational outcomes with maternal triglycerides than with glucose. I think Dr. Harmon's
study showed the same thing. Did you measure triglycerides?

A: You are right - we have to look at other things apart from glucose. We also have to look at different time
periods of glucose - before pregnancy, during pregnancy, and right before delivery. We are going to publish
that we saw a correlation between the SED score and plasma glucose of newborn, as well as mean glucose in
the eight hours before delivery and neonatal hypoglycemia. I didn't bring those data. Within the sensor group,
we looked at the percentage of time when women had glucose above 7 mmol/l (126 mg/dl). Among those who
had values above 7 mmol/l within eight hours of delivery, the duration of time above 7 mmol/ correlated with
the neonatal glucose of the newborn.

Q: CGM is not a therapy, it is a tool. The benefits depend on how CGM used. Given the fact that
the CGM in this study was inaccurate, my assumption is that people didn't trust it. What
instructions did you give patients about how to use CGM to manage diabetes? You showed data
about how it's a tough decision whether to give an extra bolus, for example. Did you measure
compliance?

A: CGM was not approved to use without testing plasma glucose, and in this study we had both women test
their plasma glucose seven times a day, every day. My patients are excellent in using plasma glucose to obtain
strict metabolic control. With CGM, I asked patients mainly to focus on getting rid of hypoglycemia at night,
and to look at the glucose curves in the morning to see how the night worked.

Q: So patients were not using the direction or rate of change of glucose?

A: Not in any systematic way.

Symposium: Closing the Communication Loop - Technology Update in Pediatric Diabetes

MAKING SENSE OF THE DATA AT HOME AND IN CLINIC

Stephen Ponder, MD (Scott and White Healthcare, Temple, TX)

Dr. Stephen Ponder stressed the role of the patient within his or her own diabetes care, focusing on results
with the Advanced Diabetes Management System (ADMS), a new technology that automates blood glucose
monitoring data retrieval, analysis, and reporting. In the trial, children in his practice (age <12) were
randomized to receive either standard care (n=24) or supplementation with the ADMS device (n=24) for
one year. Patients with ADMS were allowed access to two features, with no further physician intervention:
1) A real-time alert sent out to a family member whenever a recent blood sugar was out of range and 2) a
daily email of a day-over-day plot that displayed data from the last 21 days. At the end of the trial, patients
using the device 1-3 times/week showed significantly greater declines in A1c (7.8% to 7.1%; p=0.01) versus
patients using the device <1 time/week (8.0% to 7.8%) and controls (8.1% to 8.3%). Dr. Ponder suggested
these results support the notion that anyone can be taught pattern management without the aid of a
provider in the middle of the data stream. We are encouraged by the potential of this device and hope for
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more data from a wider range of individuals outside one practice; we also are interested to see what
qualities define those patients that used the device more frequently.

▪ Dr. Ponder stressed the role of the patient within his or her own diabetes care. With
regard to the patient-provider relationship, he suggested the patient is the only person with full
access to the details of their care, with the provider often making decisions based off incomplete
data. Referencing a recent psychological study that indicated the average person makes 200-300
decisions per day about food alone, he posited that the patient's numerous daily decisions about care
likely play a strong role and asked how providers might empower those decisions.

▪ The ADMS is a new technology that automates blood glucose monitoring data
retrieval, analysis, and reporting, with the hopes of informing patient decision-
making. Dr. Ponder emphasized the simplicity of the device, which only requires a single plugging
into one's blood glucose monitor; data is then transferred wirelessly to a server for collection and
analysis.

▪ Dr. Ponder spent the remainder of this talk discussing a study (Toscos et al., Diabetes
Care 2012) evaluating the use of the ADMS in pediatric patients. In the trial, children in his practice
(age <12) were randomized to receive either standard care (n=24) or supplementation with the
ADMS device (n=24) for one year. Patients with ADMS were allowed access to two features: 1) A
real-time alert sent out to a family member whenever a recent blood sugar was out of range and 2) a
daily nighttime email of a day-over-day plot that displayed data from the last 21 days in a simple
color-coded format to highlight values out of range. Importantly, following initial education in
pattern management, families received no additional input or education from the provider and were
left to use the data independently.

▪ Results indicated improvements in both diabetes and psychosocial outcomes in
patients demonstrating high frequency of usage of the ADMS. Patients naturally divided
into two groups of varying frequency, with 13 using the device <1 time/week and 11 using the device
1-3 times/week. At the end of one year, patients using the device 1-3 times/week showed
significantly greater declines in A1c (7.8% to 7.1%; p=0.01) versus patients using the device <1 time/
week (8.0% to 7.8%) and controls (8.1% to 8.3%). Parents of more frequent users showed
improvements on the Blood Glucose Monitoring Communication scale (a validated survey to gauge
emotional response to BGM; lower score is better) as well (13.5 to 11.3 vs. 13.6 to 14.3 inless frequent
users and 13.5 to 14.5 in controls; p=0.03), though there was no difference in the children's scores
on the survey. Finally, more frequent users showed improvements in the Diabetes Self-Management
Profile (higher score better; 63.8 to 71.2 vs. 62.0 to 61.3 and 59.5 to 61.8; p=0.04), indicative of
more rigorous diabetes self-management.

Questions and Answers

Q: Do you think there's a possibility that comprehension, education, and confidence may have
been driving the frequency of docking? You said the frequency was associated with change.

A: I think that's a very valid point. We wanted consistency across teaching style so stayed in our own clinic
and to avoid the challenges of adolescence, patients who were under 12. We eliminated patients with A1c over
12 or psychoaffective disorders. But you're absolutely right; we can look at people not docking frequently and
pull them in. I'm asking what can we do with the device itself and how to leverage the technology.

Q: I like the idea of letting patients take care of themselves, and we started a social network. Is
there research on that?

A: We did a study in 2005 not published with 75 people. They could designate a loved one to receive data. We
found significant improvements in measurements of control over six months. They were sending that data to
someone socially they thought cared about them. So that social implication is important. If we can tap into
that, it has tremendous power.

Q: Do you have any stories to tell about what actions they could take with the data?
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A: All were taught to look for trends and patterns. It was up to them to see what they did with that
information.

PEDIATRIC CONTINUOUS GLUCOSE MONITORING UPDATE - WHY IS IT SO OFTEN
DISCONTINUED?

Michael Tansey, MD (University of Iowa, Iowa City, IA)

Dr. Michael Tansey explored CGM use in pediatric populations. Setting the stage for his presentation, Dr.
Tansey reviewed findings from the landmark JDRF-CGM trial to demonstrate that the benefits of CGM
were closely related to frequency of use across all ages; as a reminder, the study included patients with type
1 diabetes ≥ eight years of age. He next explored CGM use in younger children (ages four to 10 years) in his
discussion of the DirecNet CGM efficacy and safety study (Mauras et al., Diabetes Care 2012). He noted that
parents of children with type 1 diabetes on CGM were highly satisfied with the technology, despite no
significant improvement in A1c at six months. Dr. Tansey then provided myriad cuts of data from the T1D
Exchange clinical registry according to patient age. Interestingly, of the patients using CGM at the time of
enrollment into the registry, adults (age ≥26 years) were more likely than any other age group to have
discontinued CGM use one year later. Dr. Tansey underscored that CGM discontinuation was a challenging
topic to study and that further research was needed to understand the multiple factors at play.

Questions and Answers

Q: My impression of the JDRF study and the DirecNet study was that the overall satisfaction
was very high yet use was low. How does one understand that paradox?

A: It speaks to the heart of this matter. I don't have a real clear answer. There is not always a direct correlation
between the degree of benefit and degree of use. There may be a disconnect there.

Q: I don't have many patients on CGM, but I do have patients who love the device because they
know every time they want to use it they can.

A: An additional comment. I think more education is going to be needed about the devices so people can
understand what they are getting into.

Q: Do you have any thoughts on what drives the discontinuation of CGM? There seems to be a
conflict between the two studies. The JDRF study indicated that CGM use did not improve A1c
and the T1D exchange indicated there was a significant improvement in A1c.

A: First, as to the reason why people might discontinue use, I think the reasons will be varied. There are
barriers to use: alarms, some patients were bothered by pain at insertion. More data is needed. To answer
your second question, again in the JDRF study there was no significant difference in patients aged 9-15 and
15-24 years old, but look at use. There was a significant drop in those using it ≥6 days per week. Remember
the T1D data was not a randomized data set.

Dr. David Price (Dexcom, San Diego, CA): I have a comment and a question. First, a comment:
the discontinuation rate in the T1D Exchange was different between the sensors being used.
There's another poster, 886-P, that went into discontinuation rates and the difference
between sensors. Dr. William Polonsky did a survey in adults and found that greatest reason
for discontinuation and the greatest benefit was related to trust in the data - people that trusted
the data used it and did not discontinue it. Do you think that's true in kids?

A: Anecdotally, the earlier CGM devices, which some of this data does cover, were not as good. When you look
at some of the data on testing frequency, subjects who are testing less are inherently trusting more.

Q: I wonder about CGM marketing strategy. Is there a role for short-term CGM use? For
example, just during sick days.

A: I don't think that has been addressed very clearly. I think there could be potential for specific situational,
short-term use.
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Dr. Stuart Weinzimer (Yale University, New Haven, CT): There is something I don't think the
JDRF study captured. Although people saw a benefit, many of our children don't want to be
thinking about diabetes more than they have to. There are a small percentage of people who
want to think about diabetes every minute, every day but the rest of us may not want to and we
didn't really capture that in our data.

Insulin Pumps

Oral Sessions: Hypoglycemia - Novel Concepts

REDUCTION OF SEVERE HYPOGLYCEMIA WITH SENSOR-AUGMENTED INSULIN PUMP
THERAPY AND AUTOMATED INSULIN SUSPENSION IN PATIENTS WITH TYPE 1 DIABETES
(228-OR)

Trang Ly, MBBS, DCH (Princess Margaret Hospital, Perth, Australia)

Dr. Trang Ly presented what Dr. Hans DeVries called "the most important study at this whole meeting" a
randomized controlled trial comparing low glucose suspend (LGS; n=46) to pump-only therapy(n=49) over
a six-month period in patients with hypoglycemia unawareness. In the six months prior to baseline, the
number of severe hypoglycemia events was comparable between the groups: six in the low glucose suspend
group and five in the insulin pump-only group. Notably, after six months on low glucose suspend, the
number of severe hypoglycemia events dropped from six to zero (!) in the low glucose suspend group,
compared to an increase from five events to six events in the group on a pump only. This was highly
compelling data in our view, especially because the definition of severe hypoglycemia was very strict in this
study: seizure or coma (i.e., it was not the more common "needing assistance definition). Those using LGS
also experienced less average time spent <70 mg/dl. Most importantly, these benefits occurred without a
deterioration in A1c (baseline: 7.4%). We commend the authors for deliberately selecting hypoglycemia
unaware patients, as this group stands to benefit the most from low glucose suspend technology.

▪ This study randomized 95 hypoglycemic unaware patients to use of low glucose
suspend or pump therapy-only for six months. Patients had a mean age of 19 years (4-50
year olds were included, with a fairly even distribution), a mean duration of diabetes of 11 years, at
least six months on a pump, and a Clarke's questionnaire score of >4. Hypoglycemia clamps were
done in a subset of patients to assess counterregulatory responses. Severe hypoglycemia events were
strictly defined as "seizure or coma."

▪ Low glucose suspend dramatically reduced the number of severe hypoglycemic events
vs. those on pump therapy only. We found this data quite striking in just a six- month period -
to us, it truly shows the power of even very simple automated insulin delivery to improve upon the
challenges of dosing insulin manually.

Insulin Pump Only (n=49) Low glucose suspend
(n=46)

Severe hypoglycemia in six
months preceding baseline

5 events 25.5/100 patient years 6 events 22.0/100 patient years

Severe hypoglycemia at
study end (six months)

6 events 26.7/100 patient years 0 events 0/100 patient years

Incidence rate difference
from baseline to endpoint

17.8 (p=0.019)

▪ Importantly, there was no change in A1c in either group from a baseline of 7.4%. There
was no difference at baseline in the percentage of time spent under 70 mg/dl. However, the average
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percentage of time spent under 70 mg/dl and 60 mg/dl during the overnight period improved in the
LGS group during the study (p=0.006 and p=0.009).

▪ As might be expected, sensor usage was not particularly high in the 12-18 year-old
group using sensor-augmented pumps with low glucose suspend. By age group sensor use
was 71% (4-12 years), 54% (12-18 years), and 81% (12-18 years). We would have been interested to
see the data cut by age, as we would guess the improvement in hypoglycemia were even stronger in
the youngest and oldest groups.

▪ Epinephrine responses to hypoglycemia were unchanged in both groups post
intervention. Parents and patients reported reduced fear of hypoglycemia in both groups.
Hypoglycemia unawareness score improved in both groups.

▪ As pump therapy-only was the control group in this study, we wonder how pump +
CGM would have fared in a similar study of hypoglycemia unaware patients.
Withoutthis third arm, it's possible that the severe hypoglycemia benefits could be attributed to the
addition of CGM alone (rather than LGS). Of course, the results closely parallel the severe
hypoglycemia findings in the ASPIRE in-home study (four events in the control group vs. zero in the
intervention group), which compared sensor-augmented-pump alone to threshold suspend.

Questions and Answers

Dr. Hans DeVries (University of Amsterdam, Netherlands): I must compliment you. I think
this is the most important study presented at this whole meeting. Did you administer the
Clarke questionnaire at the end?

A: Yes. There was improvement, in both groups. In the interest of time, I have not presented all the data. We
also measured fear of hypoglycemia and quality of life. There was a significant improvement in both groups.

Q: How did the LGS work - was it patients waking up to alarms and taking glucose, or was it
mostly automated?

A: In about half of the cases, there was patient intervention - they would wake up and either resume insulin
delivery or eat. In about half of the cases, you would continue to the full two-hour insulin suspension.

Q: Were there problems with false alarms?

A: It's an important question; we found that early morning glucose values did correspond to patients being
low overnight. That did suggest that these were true events being treated rather than false positives.

Q: You had limited data for clamps. Did symptom scores or anything change?

A: We did not show a change in the counter-regulation hormone response. It comes down to the fact that
patients did not wear it enough. Perhaps they did not avoid hypoglycemia enough. As you know, the pilot data
was in a smaller group.

Q: Did cognitive function and symptom scores change?

A: We did not do a cognitive assessment. Symptom scores did not change convincingly.

Q: Were all the severe hypoglycemia episodes at night?

A: In the control group, there were six events, and five of the six were at night. So severe hypoglycemia that
was avoided was nocturnal hypoglycemia.

Posters

USE OF PAQ, A SIMPLE 3-DAY BASAL/BOLUS INSULIN DELVERINE DEVICE, REDUCES
BARRIERS TO INSULIN THERAPIES IN PATIENTS WITH TYPE 2 DIABETES (812-P)

Norbert Hermanns, Leslie Lilly, Julia Mader, Felix Aberer, Joerg Paschatz, Stefan Korsatko,
Jay Warner, and Thomas Pieber
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This 19-person study assessed how the CeQur PaQ insulin delivery device addressed known barriers to
insulin therapy for patients with type 2 diabetes. PaQ provides set basal and bolus insulin and requires only
one injection every three days to reposition the cannula; this represents a significant reduction from the
four to eight daily insulin injections study participants received on MDI. This study primarily tracked
participants' attitudes toward insulin therapy before and after PaQ therapy using the Barriers to Insulin
Treatment (BIT) questionnaire, the Problem Areas in Diabetes Scale (PAID) and the Insulin Treatment
Appraisal Scale (ITAS). Based on 19 respondents, the study demonstrated significant reductions in
psychological concerns about insulin therapy, as measured by the BIT questionnaire. The authors
acknowledge that the study was limited by its uncontrolled nature and small sample size; still, the moderate
to large positive effects observed in the study seem to suggest PaQ's ability to improve patient attitudes
toward insulin therapy. Of course, the more crucial question is whether that psychological improvement
translates to physiological benefits like improved glycemic control or reduced A1c values; that is an issue the
authors left to future studies.

▪ The study was divided into three two-week periods. Participants began with their baseline
MDI treatment, then transitioned from MDI to PaQ, and finally used PaQ exclusively. Participants
were on average 59 years old, had had type 2 diabetes for 15 years, and had an A1c of 7.7%; 21% were
female. Participants completed the study's three questionnaires at the end of baseline and at the end
of PaQ treatment. The Barriers to Insulin Treatment (BIT) survey asked patients to assess attitudes
such as "Expected hardship from insulin therapy," "Fear of hypoglycemia," and "Fear of injections
and self-testing" on a scale of one to 10; a lower score indicated fewer barriers. The Insulin
Treatment Appraisal Scale (ITAS) asked patients to assess 16 negative and four positive statements
about the PaQ, with a final score ranging from 0 to 100; a lower score indicated a more positive
appraisal. The Problem Areas in Diabetes Scale (PAID) tracked diabetes-related distress on a scale
from 0 to 100; a lower score indicated less distress.

▪ Comparing baseline and PaQ questionnaire data, the mean BIT total score decreased
significantly (2.5 to 2.1; difference (D) = 0.4), with non-significant reductions in ITAS
(21.7 to 21.0, D = 0.7) and PAID (42.8 to 40.8, D=2.0) scores. Analysis of the BIT subscales
indicated that the biggest effects were in "hardship of insulin therapy," "less feelings of
stigmatization," and "less fear about hypoglycemia." The authors suggested that these first two
patient reactions may be due to the fact that PaQ replaced an average of 5.2 daily insulin injections.
The reduced fear about hypoglycemia does not have as immediately obvious an explanation,
although the authors reported that in post-study interviews, participants mentioned that they
believed the PaQ's constant insulin delivery had provided improved glycemic control.

HIGH SENSITIVITY OCCLUSION DETECTION USING FLUID PRESSURE MONITORING
DURING BASAL INSULIN INFUSION (975-P)

Steven Keith, Elaine McVey, and Ronald Pettis

Dr. Ronald Pettis and colleagues retrospectively developed an algorithm to detect pressure variation during
basal infusion and correlated this to insulin flow during subcutaneous and intradermal (i.e., BD's
microneedles) insulin delivery. In a conversation we had with Dr. Pettis, he described the importance of
quantifying interrupted insulin flow, especially in ongoing closed-loop developments. He suggested that
such an algorithm if applied in a real-time fashion could 1) alert patients to insulin delivery problems and
precipitate corrective action; 2) grant insight on an individual patient level into inconsistent or unexpected
closed-loop performance (i.e., if problems were due to undetected occlusions); and 3) provide a method for
evaluating overall system mechanical performance. The algorithm detected rising infusion pressures that
occurred below 10 psi, which is the lowest pressure that triggers an alarm in commercial insulin pumps. We
note that understanding the clinical significance of these low-pressure disruptions will be necessary to
demonstrate the possible benefit of a pressure algorithm, and we hope to see more data on this front from
BD.

▪ The poster built on a previously conducted study comparing the pharmacokinetics
(PK) of basal insulin infusion between subcutaneous and intradermal insulin
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infusion. During the prior study investigating the PK profile and feasibility of intradermal infusion
(Keith et al., ATTD Poster 2013), the researchers noted transient deviations in several expected PK
profiles that corresponded to increased pressure signatures in measured infusion pressure. The
subcutaneous set used was the Roche Accu-Chek Rapid-D (6 mm x 28 gauge) and the intradermal
set used was BD investigational microneedle catheter (1.5 mm x 34 gauge). Insulin lispro was
delivered over two six-hour periods with a Harvard syringe pump and a placebo was administered
using the Animas One Touch Ping over a 16-hour period.

▪ Using computational PK modeling, Dr. Pettis and colleagues determined that rapidly
increasing and/or high (>3 psi) infusion pressure was associated with delayed and/or
decreased insulin infusion. For comparison, many normal insulin infusions with regular PK
profiles were associated with stable and low (≤1 psi) infusion pressure. These increased pressure
signatures corresponded to irregular insulin delivery in both subcutaneous and intradermal insulin
delivery.

▪ The researchers developed an occlusion detection algorithm based on infusion fluid pressure
signatures. The authors noted that the detected occlusion events were well correlated to the PK
variability observed in the trial. We look forward to learning how this algorithm may be applied to
BD's infusion sets and on what timeline; certainly, it seems that the algorithm could be used in both
BD's subcutaneous and intradermal sets. As of the JP Morgan Healthcare conference in January, BD
is expected to enter the insulin infusion set market with its own product line in 2014. As we
understood it, the first-generation infusion set would not incorporate BD's microneedle technology,
but a later-generation set could. (See page 48 of our JP Morgan full report for detail:
http://www.closeconcerns.com/knowledgebase/r/07e26d4f.)

EFFECTIVENESS OF V-GO FOR PATIENTS WITH DIABETES IN A REAL-WORLD SETTING
(SIMPLE) (985-P)

George Grunberger, Bruce Bode, Kenneth Hershon, Cheryl Rosenfeld, Poul Strange

This poster reported positive interim results from a prospective, observational, multi-center study
(SIMPLE) that assessed changes in glycemic control after V-Go therapy (n=89). Patients entered the trial on
their current diabetes therapy, which ranged from oral agents only to multiple daily injections. After three
months of V-Go insulin delivery, mean A1c improved from 8.8% at baseline to 8.1% (p<0.0001). During the
V-Go intervention, seven patients reported documented hypoglycemia (<70mg/dl) and two patients
reported severe hypoglycemia (requiring third-party assistance). Compared to baseline, patients saw a
statistically significant reduction in total daily insulin dose (11 units; p<0.0001) and body weight (0.71 lbs;
p <0.0001). Certainly, there is need for improved insulin delivery options for patients with type 2 diabetes
and we are encouraged to see initial positive findings with V- Go in the clinic. We look to six-month results
to corroborate the interim analysis and believe that extended V-Go use should lead to even greater
improvements in glycemic control.

▪ SIMPLE included 89 patients with type 2 diabetes who were not at glycemic control
(A1c <7.0%). Patients entered the study on their current diabetes care regimen, which the
investigators divided into five categories: 1) oral agents only (OAD); 2) oral agents in combination
with exenatide, pramlintide, or liraglutide (OAD +/- incretin); 3) once or twice daily injection of
intermediate or long acting insulin with or without oral agents and/or incretin therapy (basal); 4)
one to three injections of pre-mix insulin with or without oral agents and/or incretin
therapy(premix); and 5) multiple daily injections with or without oral agents and/or incretin therapy
(MDI). Average diabetes duration was 14 years and A1c at study screening was 9.0%.

▪ Patients were followed for four to six weeks on their current diabetes therapy and
then were switched to V-Go insulin delivery with no restrictions on concomitant
therapy. After the four to six week run-in period, A1c decreased by 0.2% to 8.8% from A1c of 9.0%
at the initial screening (p-value not provided). Baseline A1c was considered to be the value post-run-
in period (i.e., 8.8%). The full study will assess six-month V-Go utilization; however, the current
analysis provided three-month interim results.
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▪ After three months of V-Go therapy, mean A1c decreased from 8.8% to 8.1% (p <
0.0001). A1c changes according to therapy type at enrollment are outlined below; specifics on the
group entering the trial on oral agents only and oral agents in combination with exenatide,
pramlintide, or liraglutide were not provided due to an insufficient number of patients enrolled with
these starting therapies at the time of analysis.

Three-month A1c Change from Baseline

Starting Therapy n Mean A1c Change p-value

Basal 25 -0.76% 0.0003

Pre-mix 12 -0.66% 0.0306

MDI 47 -0.66% 0.0002

Overall 87 -0.71% <0.0001

▪ The A1c reduction occurred alongside an 11.4-unit decrease in mean total daily insulin dose (TDD; p
<0.0001). The TDD reduction occurred in the group that began on pre- mix (23 unit decrease) and
MDI (18.1 unit decrease); p-values not provided.

Three-month Total Daily Insulin Dose Change from Baseline

Starting Therapy n Mean TDD Change

Basal 26 1.8

Pre-mix 13 -23

MDI 47 -18.1

OAD 2 34

OAD +/- Incretin 1 20

Overall 89 -11.4

▪ The investigators noted a small, but significant reduction in body weight after three months of V-Go
use (0.71 lb; p <0.0001). A body weight reduction was even seen in the group entering the trial on
basal therapy (-0.76 lb; p=0.0003), despite no reduction in TDD; presumably, this is a trial effect.
Group results are outlined below. As with A1c, specifics on the group entering the trial on oral agents
only and oral agents in combination with exenatide, pramlintide, or liraglutide were not provided
due to an insufficient number of patients enrolled with these starting therapies at the time of
analysis.

Three-month Weight Change from Baseline

Starting Therapy n Mean Weight Change (lb) p-value

Basal 25 -0.76 0.0003

Pre-mix 12 -0.66 0.0306

MDI 47 -0.66 0.0002

Overall 87 -0.71 <0.0001
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Symposium: Current State of Insulin Pump Therapy

USE IN TYPE 2 DIABETES

Phillip Raskin, MD (The University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Phillip Raskin led off this completely packed session (competing with the ADA President's session) with a
review of insulin pumps in type 2 diabetes (though we would note that he spent a decent portion of the talk
on type 1s). He noted right at the start that "there isn't much good clinical trial data about use of pumps in
type 2 diabetes." Indeed, he only covered three prospective, randomized controlled trials comparing MDI to
pumps in type 2 diabetes (Saudek et al., JAMA 1996; Raskin et al., Diabetes Care 2003; and Herman et al.,
Diabetes Care 2005). A1c declines were comparable between MDI and pumps, though patients preferred
pump therapy ("patients love this insulin pump therapy more than injections"). He last reviewed Medicare's
extensive criteria for reimbursing pumps in type 2 diabetes - interestingly, these were based on his group's
2005 study ("I don't like it myself"). Overall, Dr. Raskin concluded that a pump is probably a reasonable
treatment option in type 2 patients who are NOT on Medicare; it has better patient acceptability than MDI;
and "this is the truth: it is way more expensive than injections" (~$2,000 a year more to use a pump than
MDI). We were struck by the dearth of good data on pumps in type 2, much of it old - we look forward to the
reporting of Medtronic's ongoing, very large OpT2Mise trial of pumps in type 2 diabetes (ClinicalTrials.gov
Identifier: NCT01182493).

▪ Dr. Raskin covered three randomized controlled trials comparing pumps to MDI in
type 2 diabetes ("When you evaluate data, nothing beats the randomized controlled trial").

◦ The first was Saudek et al.'s (JAMA 1996) comparison of the MiniMed implantable
pump to MDI in 121 type 2 patients. Baseline A1c of 8.8% declined by 1.5% for those on the
pump, comparable to the 1.4% decline (baseline: 8.9%) in those on MDI. The pump group
used less insulin and saw less weight gain over the course of the 12-month study.

◦ Dr. Raskin also covered his own 2003 study published in Diabetes Care. He
studied 127 type 2s, randomizing them to the implantable MiniMed 507C pump or MDI
(aspart plus NPH). Declines in A1c were similar: -0.6 in the pump group (baseline: 8.2%)
and -0.5% in the MDI group (baseline 8.0%). There was no difference in the frequency of
hypoglycemia, though quality of life was higher in the pump group.

◦ Last was Herman et al.'s influential 2005 Diabetes Care study in 107 patients
with type 2 diabetes. Patients were 60 years or older in this two center, randomized,
12-month study comparing pumps (lispro in MiniMed 508 pump) to MDI (preprandial
lispro vs. glargine). There was no difference in A1c between the groups. Disappointingly, he
noted, "As a result of our study, Medicare will not pay for insulin pumps or pump supplies
for individuals with type 2 diabetes. Thank you very much, I don't like it myself."

▪ Dr. Raskin also covered a few uncontrolled trials comparing pump therapy to MDI in
type 2 diabetes ("not the trial we want to use"). Lenhard and Maser (ADA 2001) saw no
decline in A1c (baseline 7.6%) in 12 MDI patients switched to a pump. On the other hand, Frias et al.
(JDST 2011) observed a 1.2% decline in A1c (baseline: 8.3%) in 21 MDI patients (100 units of insulin
per day) switched to a once-daily basal rate in a pump and boluses at each meal over 16 weeks.
Leinung et al. (Endocrine Practice 2013) studied 57 type 2s via retrospective chart review, finding a
1% decline in A1c over 16 weeks (baseline 8.7%). Insulin dose also declined.

▪ A slide displayed Medicare's long-list of criteria for pump therapy in type 2 diabetes.
The first and arguably most important one is fasting C-peptide <110% of the lab's lower limit of
normal. The full criteria can be found at www.cms.gov/medicare-coverage.

▪ Dr. Raskin reviewed criteria for selecting type 2 patients for insulin pumps, noting
that it's "pretty much the same as type 1 diabetes." Factors include suboptimal glycemic
control, motivation to pursue intensive therapy, willingness and ability to perform frequent SMBG,
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sufficient education and ability, adequate psychological stability, appropriate financial resources,
and skilled medical staff available.

◦ Said Dr. Raskin, "A pump is not magical. It takes work. People need to be
motivated to do this. They need to have a brain, to be frank." Contraindications include
hypoglycemia unawareness, counterregulatory unresponsiveness (neither common in type
2 diabetes), age (older, complications), and medical reasons (short life expectancy,
malignancy, etc.).

Questions and Answers

Q: The pumps that you used, the MiniMed 507 and 508, did not have a bolus calculator, a
correction factor, or active IOB. They were just sophisticated basal machines. Can newer
insulin pumps provide better control?

A: Everything changes. We had to use NPH insulin in those studies. Things move ahead and the world goes
forward. A person with a brain can do what the bolus wizard can do. Personally, I think it's better if the person
does it himself and does not use the calculator. People have to tell the pump what to do. This is not simple
stuff. Calculations are better on that machine than I can make in my head, for sure. But I don't think a newer
pump or fancier pump would make a difference.

[Editor's Note: We found this comment surprising. We believe many patients receive tremendous value out of
bolus calculators, as the math is often quite challenging (a blood glucose of 186 mg/dl and a correction factor
of 35 mg/dl is not easy math for many patients!). It's easy to say that bolus calculators are worthless in the
long-term because they remove the need for patients to think, but the exact same could be said for any new
technology (GPS systems make driving much easier, though no one is arguing that they should be avoided and
we should all go back to paper maps. This also reminds us of what people used to say in the 1970s, when some
HCPs questioned whether patients should even have SMBG). We believe making things easy for patients is
absolutely critical, as things that are challenging are just not used (e.g., early-generation CGM).]

Q: Do you have any experience with very insulin resistant patients using U-500 insulin?

A: Not really.

LOW GLUCOSE SUSPEND

Timothy Bailey, MD (UCSD School of Medicine, San Diego, CA)

Dr. Timothy Bailey gave a comprehensive presentation on low glucose suspend (note: the term has now
changed to "threshold suspend"), highlighting the data collected to date on the Medtronic Veo/MiniMed
530G. He covered CareLink data, UK evaluation data (Choudhary et al., Diabetes Care 2011), data from
Europe and Australia (Danne DT&T 2011 and Ly et al. at ADA 2013; see our Day #3 report at
http://close.cx/ADA2013Day3), ASPIRE in-clinic (Garg et al., DT&T 2012), and ASPIRE in-home
(Bergenstal et al., NEJM 2013; poster 48-LB at this meeting, covered in detail in our Day #4 report at
http://close.cx/ADA2013Day4). All the trials have demonstrated consistent results: improvements in
hypoglycemia, no decrement in A1c, and no risk of DKA. Dr. Bailey concluded that "threshold glucose
suspend is safe and effective in reducing hypoglycemia in vulnerable patients with type 1 diabetes."

▪ "We want to get our patients down to near normal glycemia without hypoglycemia.
That's an A1c of 6%. With this, you need technology." He was quite frank in noting that bringing
down the A1c safely in type 1s is "difficult." For someone with an A1c of 8-9% with lots of glycemic
variability, shifting the entire glucose curve down will eventually result in lots of hypoglycemia. As a
result, it's key to both drop the A1c and reduce the peaks and valleys.

PATCH PUMPS

Howard Zisser, MD (Sansum Diabetes Research Institute, Santa Barbara, CA)

In an insightful and entertaining discussion of insulin patch pumps, Dr. Howard Zisser described devices in
two broad categories. Among "more complex, more customizable" pumps, the only available option is
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Insulet's OmniPod; investigational devices Roche's Solo MicroPump, Cellnovo's diabetes management
system, and Debiotech's JewelPUMP. These pumps have complex features like programmable basal rates,
data recording, and integrated blood glucose monitoring. Other devices are designed to be "simpler and less
adjustable"; Dr. Zisser suggested that these simple options could encourage engagement among people who
have trouble taking insulin currently. He reviewed CeQur's PaQ (three days of basal rate, plus bolus
dosing), Valeritas' V-Go (one day of basal rate, plus bolus dosing), and J&J Diabetes Care's Finesse (a
"wearable pen" with bolus dosing only). Dr. Zisser also noted that patch pumps might offer a glycemic
advantage compared to conventional pumps, because the latter require frequent, short-term disconnection
of the infusion set (e.g., to take showers); blood glucose levels have been shown to rise ~1 mg/dl for each
minute that insulin delivery is interrupted (Zisser, Diabetes Care 2008). Looking ahead, he noted that these
pumps can be used for other drugs besides insulin; he specifically raised the possibility of patch pumps for
glucagon.

COMBINATION INFUSIONS

Rubina Heptulla, MD (The Children's Hospital at Montefiore, Bronx, NY)

"We have made much advancement in blood glucose monitoring, the varieties of insulin…and the very cool
delivery devices. However, at the end of the day we have used only insulin," said Dr. Rubina Heptulla. She
delved into the motivation behind dual-hormonal control and explored the potential for pramlintide,
exenatide, and glucagon to confer benefits beyond insulin monotherapy in patients with type 1 diabetes. For
background, she reminded the audience that type 1 diabetes is a bihormonal disease with insulin deficiency
and glucagon dysregulation (characterized by a lack of glucagon suppression following meals and a loss of
glucagon response during hypoglycemia). Dr. Heptulla investigated pre- meal bolus injections and
subcutaneous infusion of pramlintide (a synthetic amylin analog). "Pramlintide is good," she said, "but it is
not ideal." She showed that it reduced glycemic excursions, but did not normalize glucose excursions for all
meals consistently. Moving forward, Dr. Heptulla explored glycemic control with combination insulin and
exenatide (GLP-1 agonist) therapy and demonstrated its effectiveness at lowering postprandial glucose
excursions. In a direct comparison of pramlintide injection pre-lunch and dinner (30 mcg) to exenatide
injection pre- lunch and dinner (2.5 mcg) in closed- loop insulin therapy, Dr. Heptulla suggested that
exenatide was indeed superior to pramlintide in reducing blood glucose excursions in the context of closed-
loop control. To round out her review, Dr. Heptulla discussed ongoing investigations of bi-hormonal closed-
loop systems, highlighting efforts by Drs. Edward Damiano (Boston University, Boston, MA) and Steven
Russell (Harvard Medical School, Boston, MA) and by Dr. Ken Ward (Oregon Health and Science
University, Portland, OR).

Product Theater: Simple Insulin Infusion for People with Type 2 Diabetes: Clinical Results
Released (Sponsored by CeQur)

SIMPLE INSULIN INFUSION IN TYPE 2

Juan Frias, MD (University of California San Diego, San Diego, CA)

Dr. Juan Frias framed his presentation with his view on why there has not been a recent improvement in
type 2 diabetes control: current treatments are not targeting the correct physiology. He noted that many
patients require insulin, but even when patients are put on basal and bolus insulin, many are suboptimally
controlled. Dr. Frias asserted that this may be due to non-adherence to insulin pen injections, a problem
that could be solved with continuous subcutaneous insulin therapy. In one study, patients saw a 1.6% drop
in A1c levels (baseline: 8.4%), along with a 20% reduction in insulin dose at 16 weeks. However, the
majority of patients (80%) were using only one basal rate setting on a multi- setting pump. Dr. Frias
highlighted that Valeritas' V-Go, targeted at patients with type 2 diabetes, has only a few preset basal doses,
which simplifies the device, reduces A1c with a similar level of insulin use, and can drive down costs of
therapy. To conclude, Dr. Frias briefly introduced the CeQur's new, three- day device, PaQ.

▪ One-third of patients missed an average of three days of insulin therapy or omitted
insulin therapy three times a month (Peyrot et al., Diabetes Medication 2012). Dr. Frias gave
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examples of why patients said they skipped insulin, which included being too busy or embarrassed
by the injection.

▪ Valeritas' V-Go is a daily, disposable insulin delivery device with predefined basal
doses of 20, 30, and 40 units of insulin over 24 hours. The pump can also easily deliver a
bolus, and Dr. Frias presented data showing an average reduction in A1c levels of 1.2% (baseline:
8.8%) after pump use. CGM data showed improved trends for glycemic control.

▪ CeQur's PaQ is a disposable, wearable insulin delivery device built for three-day use. It
has seven preset basal doses ranging from 16-60 units per 24 hours. Patients also have the ability to
self-administer two-unit boluses until the 330-unit reservoir is empty. For more on CeQur's PaQ,
please see our report on the CE Mark at http://www.closeconcerns.com/knowledgebase/r/
a314eba7.

PAQ STUDY RESULTS

Julia Mader, MD (Medical University Graz, Graz, Austria)

Dr. Julia Mader detailed the study design and results of a two-week feasibility study evaluating the use and
performance of CeQur's PaQ insulin delivery device in 18 patients with type 2 diabetes currently on basal-
bolus insulin therapy. The study was patient controlled and was not a dose optimization or treat to range
study. None of the patients had difficulty using PaQ, and there was 83% satisfaction with the time it took to
learn how to use the pump as well as the time it took to administer the bolus. Dr. Mader expressed
excitement that no patients reported missing insulin doses because of embarrassment. She also noted that
the mean total dose of insulin after starting PaQ was the same or slightly lower than before the study (from
60 units per day to 57 units per day). There were also trends toward better glycemic control in most
patients, with no hypoglycemic events. Notably, patients were only trained on the device for one hour. The
results are encouraging, though the absence of a control group makes it difficult to interpret the findings.
We'd love to see a randomized, controlled study comparing use of the PaQ to the V-Go to a full-featured
insulin pump to MDI in patients starting on basal-bolus therapy, though such a study would of course be
very expensive to run in practice. Still, we think there are fundamental differences between each approach,
and a controlled study would be a great way to establish which patients stand to benefit the most from
which type of therapy. The greater point is that so many patients who should be on insulin are not - we hope
they are able to benefit from the more progressive and more discreet insulin delivery alternatives. While
they are absolutely more expensive, so is non-adherence to insulin that is more and more commonly seen.

▪ At baseline, the 18 patients had an A1c of 7.7%, 21% of participants were females, and
the mean BMI was 32 kg/m2. The mean duration of diabetes was 15 years, and the mean
number of insulin injections that people took was five (ranging from four to eight).

▪ Patients did not start using PaQ until at least three weeks into the study. Patients first
spent two weeks on MDI, followed by a 24-hour safety visit, followed by a period to select basal rates
that lasted between six days and two weeks. During the 24-hour safety visit, patients received only
one hour of training on how to use the pump. After that, the two-week period of blood glucose
control on PaQ began, during which patients called every three days.

PATIENT REPORTED OUTCOMES FOLLOWING USE OF PAQ

Norbert Hermanns, PhD (Diabetes Centre Mergentheim, Mergentheim, Germany)

Dr. Norbert Hermanns focused his presentation on the psychological aspects of insulin resistance,
specifically highlighting emotional and practical components like guilt and fear of injection. Dr. Hermann's
emphasized that CeQur's PaQ can reduce some of these psychological challenges. The psychological
evaluations from the aforementioned study were based on barriers to insulin therapy (BIT), problem areas
in diabetes (PAID), and insulin treatment appraisal scale (ITAS). After use of PaQ, BIT decreased in fear,
pain, and hardship. Those using PaQ also had less stigmatization and less hypoglycemia. All changes in
insulin resistance were clinically meaningful (i.e., they had an effect size values >0.1; the difference between
baseline and end of study divided by standard deviation). Additionally, Dr. Hermanns presented data
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demonstrating a reduction in ITAS and PAID, specifically in negative attitudes toward insulin treatment
(with effect size values >0.1). Dr. Hermanns concluded by underscoring that PaQ has the ability to reduce
barriers to insulin treatment without increasing other diabetes related stress. He also commented that he
hoped further studies will show that addressing psychological barriers to insulin treatment will result in
improved long-term glycemic control.

CGM DATA

Ellie Strock, ANP-BC, CDE (International Diabetes Center, Minneapolis, MN)

Patients using continuous glucose monitoring (CGM) in the aforementioned feasibility study showed
improved glucose control when using the pump, although the trend was not significant (p=0.18). Given the
short two-week duration of the study and small population, this was not terribly surprising. Based on
classic measures not using considering CGM values, only six of the patients saw improved glycemic control;
when CGM was added, it revealed much richer glycemic data in many patients. For example, one patient
had 'similar' results pre- and post-PaQ use based on blood glucose values; however, based on in-range
values and the patterns of CGM, he experienced reduced variability in his overnight glucose levels while on
PaQ. Dr. Ellie Strock concluded by emphasizing that CGM analysis reveals that more stabilized glycemic
control is possible in patients using PaQ. We think the use of CGM in clinical trials will expand in the coming
years, especially as the technology gets easier to use and time-in-range becomes a more accepted standard.
For much more on this topic, see our recent report at (https://closeconcerns.box.com/s/
9cfx31hmaz6799cvyvnn.

PANEL DISCUSSION

Moderator: David Harlan, MD (University of Massachusetts Memorial Medical Center,
Worcester, MA)

Panelists: Juan Frias, MD (University of California San Diego, San Diego, CA); Julia Mader,
MD (Medical University Graz, Graz, Austria); Norbert Hermanns, PhD (Diabetes Centre
Mergentheim, Mergentheim, Germany); Ellie Strock, ANP-BC, CDE (International Diabetes
Center, Minneapolis, MN)

Q: What is the insulin capacity, in units, of the PaQ? How much can it hold?

Dr. Frias: Patients can use up to 110 units per day, and PaQ lasts for three days, so it can hold 330 units. You
can load all of that 330 units at once and be all set for three days.

Q: If PaQ does not use a battery or motor, what is the pumping mechanism?

Dr. Mader: It uses an elastomer bladder that is filled with the insulin. The tension inside the elastomer
bladder presses the insulin to move to the capillaries, and the rate of uptake is limited by the diameter of the
capillaries.

Q: Do patients have to put in 330 units? Have you considered using U-500 insulin?

Mr. Jay Warner (CeQur): You can fill up PaQ to any level from 170-330 units. We are not pursuing U-500 at
this point, but that is a potential future option.

Q: You mentioned that you only trained the patients for one hour, but they stayed in your
center for 24 hours. What were they doing for those other hours?

Dr. Mader: This was the first time the device was used in patients, so we wanted to make sure the patients
could use it correctly. We observed them during breakfast, lunch, and dinner; however, we only trained them
for one hour with no dietary counseling.

Q: How do you achieve the different basal rates?

Dr. Mader: The basal rate depends on the reservoir. You could change the basal rate by exchanging the
reservoir.

Q: Of your 20 patients enrolled in the study, why did two patient discontinue the study?
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Dr. Mader: One patient discontinued because he stopped taking his basal insulin, and we could not include
him. The other one said that the study was too time-consuming, and he could not participate and also go to
work.

Mr. Warner: The patient not taking his basal insulin discontinued during the run-in period - he had stopped
his MDI.

Q: I just want to mention, that all the insulin administered in PaQ is short-acting. That means
that there is only one insulin in the PaQ, so patients in the United States with a co- pay will pay
the same price they currently pay for insulin. I was most intrigued by the psychological
barriers you discussed, Dr. Hermann. I think the number one barrier to patient treatment is
getting them engaged in their own care. Do you think there any ways to measure patient
engagement?

Dr. Hermann: I think this technology provides a nice way to get patients engaged in their care. I think we also
need to think of other applications. I would be great to have patient engagement, and that is something to
address in further studies.

Incretins

Oral Sessions: GLP-1 Agonists in Practice

IDEGLIRA, A NOVEL FIXED RATIO COMBINATION OF INSULIN DEGLUDEC AND
LIRAGLUTIDE, IS EFFICACIOUS AND SAFE IN SUBJECTS WITH TYPE 2 DIABETES: A
LARGE, RANDOMIZED PHASE 3 TRIAL (65-OR)

John Buse, MD, PhD (University of North Carolina, Chapel Hill, NC)

Dr. John Buse presented an excellent summary of the phase 3 DUAL-1 trial, which compared a fixed dose
combination of insulin degludec and liraglutide (known as IDegLira) with insulin degludec (Tresiba) and
liraglutide (Victoza) alone (all from Novo Nordisk). The concept of IDegLira is to combine the benefits of
both therapies, with each agent mitigating the side effects of the other. The trial showed this approach was
valid, yielding excellent results. In fact, the (nearly a third) lower hypoglycemia of the combination allowed
participants to achieve 0.5% lower A1c levels with a lower total daily dose of insulin. GI side effects of the
combination were also lower than with liraglutide alone and the combination yielded a small but sustained
weight loss (of,0.5kg [1.1 lbs]) compared to a weight gain with insulin. The trial studied over 1,600
participants for a 26 week period titrated to target in the case of the IDegLira and insulin degludec arms,
and titrated in the usual ramp-up fashion for liraglutide. After 26 weeks, the IDegLira group was taking
38U/day of insulin, compared to 53U/day in the degludec group. However, A1c reduction from a baseline of
~8.3% was 1.9% for IDegLira, compared to a reduction of 1.4% with degludec and 1.3% with liraglutide. The
IDegLira group achieved and maintained a very low A1c of 6.4%. Even better was the result that 81% of the
IDegLira group reached the target of a7.0% A1c (compared to 65% of the degludec group). IDegLira used a
ratio of 50U of insulin degludec to 1.8 mg of liraglutide. Dr. Buse concluded that IDegLira resulted in better
glycemic control with a lower risk of hypoglycemia and weight gain than either of its components alone.

▪ The combination of a basal insulin and a GLP-1 agonist has the potential to combine
their benefits while also mitigating the adverse effects of the two agents used
individually. The post-prandial effects of GLP-1 can be combined with the fasting glycemic control
of basal insulin. The weight loss of GLP-1 can mitigate any weight gain with insulin. Theobserved
low hypoglycemia with GLP-1 can mitigate the potential for hypoglycemia with insulin and therefore
allow patients to achieve lower A1c levels.

▪ The open label DUAL-1 trial studied 1,663 people with type 2 diabetes randomized to
IDegLira (Novo Nordisk), insulin degludec (Tresiba, Novo Nordisk) and liraglutide
(Victoza, Novo Nordisk). IDegLira is Novo Nordisk's once-daily injectable combination of
insulin degludec and liraglutide. The IDegLira used in this study was fixed at a ratio of 50U degludec
to 1.8 mg of liraglutide. Participants at baseline were inadequately controlled on metformin with or
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without pioglitazone (Takeda's Actos). Liraglutide was titrated up from an initial 0.6 mg dose to a
maximum dose of 1.8 mg as per the label, although the average dose at the end of the trial was 1.4
mg. IDegLira and degludec were titrated twice a week in two unit steps to a target fasting plasma
glucose of 72-90 mg/dl (4.0-5.0 mmol/l). At baseline, BMI was roughly 31 kg/m2 and duration of
diabetes was seven years. Eighty-three percent of the participants were taking metformin and 17%
were taking metformin plus pioglitazone.

▪ After 26 weeks, A1c reduction was 1.9% for IDegLira, 1.4% for degludec, and 1.3% for
liraglutide from a baseline of 8.3%. Remarkably, IDegLira participants had an average A1c of
6.4%. In the IDegLira group, 81% of participants reached a target A1c of ≤7%, and 70% reached a
target of ≤6.5%. While IDegLira and degludec provided an equivalent reduction in fasting plasma
glucose (65 mg/dl) at 26 weeks, those in the IDegLira group were taking much less insulin (38
units/day, vs. 53 units/day for degludec). Nine point blood glucose profiles established that the post-
prandial control of IDegLira was similar to that of liraglutide alone.

▪ The rate of hypoglycemia in the IDegLira group was only 68% of the rate in the
degludec group. Rates in the IDegLira group were around two events per patient year of exposure.
The rates of hypoglycemia in the liraglutide group were ten times lower (around 0.2 events per
patient year). Since hypoglycemia is usually the limiting factor in treating to target, Dr. Buse
presented a model of the relationship between A1c and hypoglycemia rate for IDegLira and
degludec, which supported the argument that a patient taking IDegLira can achieve a lower A1c at
the same risk of hypoglycemia, (or that patients with the same A1c have a lower risk of hypoglycemia
with IDegLira).

▪ Participants taking liraglutide exhibited a weight loss of 6.6 lb (3 kg) after 26 weeks,
compared to those taking degludec, who gained 1.5 kg (3.3 lb). Those taking IDegLira
exhibited a slight weight loss of 1.1 lb (0.5 kg). This small weight loss was sustained to the end of the
trial (and even out to 52 weeks in the DUAL-1 extension, according to Novo Nordisk).

▪ Nausea for IDegLira was much better than liraglutide alone. For the first four weeks,
nausea peaked at over 10% of subjects in the liraglutide group, but resolved to a sustained level of
3% after 13 weeks. In comparison, nausea for IDegLira declined steadily from roughly 3% of
participants initially to 1% by the end of the trial. Dr. Buse commented that this reduction is
probably related more to the titration program and the lower starting dose than to the total amount
of exposure to liraglutide.

▪ Compared to insulin degludec, IDegLira exhibited reduced hypoglycemia, leading to a
lower A1c with better post-prandial control and no weight gain. Compared to liraglutide,
IDegLira had a better reduction in A1c and fasting glucose, with a reduced amount of nausea.

Questions and Answers

Q [Dr. Julio Rosenstock]: The trial would have been nicer if it had been blinded…

A: Later this year, we plan to present the results from the DUAL-2 study, which is blinded. (Note that Novo
Nordisk has already announced some top level results for DUAL-2, which compares IDegLira and degludec.
In DUAL-2, IDegLira also achieved a 1.9% A1c reduction over baseline, which was reported to be statistically
significantly better than degludec (A1c reduction not yet disclosed)..

Q: Do you have any data regarding nocturnal hypoglycemia?

A: I can't remember it all off the top of my head, but it's more or less equal across degludec and IDegLira.

Q: What was the washout protocol?

A: I don't know what you are referring to. There was no washout period. I suspect that you were referring to
the concern raised at the FDA Advisory panel on degludec on CVD events during the washout period. There
was one adjudicated cardiovascular event in each of the three arms, but no issues with washout protocol.

Q: Can we combine U500 insulin with GLP-1?
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A: I think that Wendy Lane from Asheville NC will be presenting on the combination with severely insulin
resistant patients.

Q: There is an impressive reduction in hypoglycemia - what is the reason?

A: It's related perhaps to the lower amount of insulin, but I remember the GWCO trial adding exenatide to
glargine where we saw a similar thing. I suspect that it is also related to an improvement in alpha cell
function.

EFFICACY AND SAFETY OF DULAGLUTIDE VERSUS PLACEBO AND EXENATIDE IN TYPE 2
DIABETES (AWARD-1) (66-OR)

Carol Wysham, MD (University of Washington, Spokane, WA)

Dr. Carol Wysham presented the results of the phase 3 AWARD-1 study, which compared dulaglutide at two
doses (1.5 mg and 0.7 5mg) to exenatide twice daily (BMS/AZ's Byetta) and placebo on a background of
maximal doses of metformin and pioglitazone (Takeda's Actos). After 26 weeks, dulaglutide 1.5 mg provided
an A1c reduction of 1.5% from baseline (compared to a reduction of 1.0% with exenatide), which was
roughly 1% lower than the placebo group. Nearly 80% of the patients in the high dose dulaglutide group
reached an A1c target of 7%, compared to 54% in the exenatide group and 45% in the control group. Weight
loss for dulaglutide 1.5 mg was similar to exenatide, while dulaglutide mg was weight neutral.

▪ Dulaglutide (Lilly) is a once-weekly GLP-1 agonist that links recombinant human
GLP-1 to a human IgG4 Fc fragment in order to obtain longer plasma half-life (~5
days) in an injectable solution. This study, AWARD-1, is part of a series of five phase 3 trials,
leading up to Lilly's FDA submission, scheduled for 2013. Lilly has previously announced top-line
results for the AWARD trials that are covered in this session (see our report at
http://www.closeconcerns.com/knowledgebase/r/bd49e680).

▪ The primary objective of the AWARD-1 trial is to prove superiority of once-weekly
dulaglutide versus placebo in people with type 2 diabetes treated with metformin and
pioglitazone (Takeda's Actos). Metformin and pioglitazone were optimized to maximum doses
before the start of the trial, and dulaglutide was investigated at two doses - 1.5 mg and 0.75 mg. The
AWARD-1 trial also includes twice daily exenatide (BMS/AZ's Byetta) as a comparator. The trial
randomized 978 type 2 diabetes patients to dulaglutide 0.75 mg or 1.5 mg for 52 weeks,to exenatide
for 52 weeks, or to placebo for 26 weeks followed by dulaglutide (0.75 mg or 1.5 mg) for 26 weeks.
A1c at baseline was roughly 8.1% and participants had an average BMI of 33 kg/m2.

▪ Dulaglutide 1.5 mg achieved an A1c reduction of 1.05% compared to placebo,
demonstrating superiority. A1c reduction from baseline was 1.5% for dulaglutide 1.5 mg, 1.3%
for dulaglutide 0.75 mg, 1.0% for exenatide and 0.4% for the placebo. In addition, 79% of
participants taking dulaglutide 1.5 mg reached a target A1c of ≤7%, compared with 67% for the0.75
mg dose and 54% for exenatide. Both doses of dulaglutide were better at lowering fasting serum
glucose than either placebo or exenatide.

▪ Participants in the dulaglutide 1.5 mg group achieved a weight loss of 3.3 lb (1.5 kg)
after 26 weeks, which was similar to exenatide. The weight loss was achieved after four
weeks and was then maintained throughout the study. Dulaglutide 0.75 mg was weight neutral and
the placebo group gained 3.1 lb (1.4 kg).

▪ The majority of adverse events were GI related but reduced over time for dulaglutide.
Dulaglutide 1.5 mg had the most nausea, at 28% of participants, dulaglutide 0.75 mg had a nausea
rate of 16%, and exenatide was in the middle at 26%. There was one case of pancreatitis and one case
of pancreatic cancer in the pooled dulaglutide group (five months of exposure).

▪ The A1c reductions in all three GLP-1 groups were sustained out to 52 weeks.

Questions and Answers
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Q: Longer acting GLP-1 agonists tend to be associated with lower GI side effects, but that's not
the case here. Can you explain?

A: The answer is probably in the chemistry of the compound. We see a reduction in glucose earlier, this shows
earlier efficacy, maybe just after first injected.

EFFICACY AND SAFETY OF DULAGLUTIDE VS. METFORMIN IN TYPE 2 DIABETES -
AWARD-3 (69-OR)

Guillermo E. Umpierrez, MD (Emory University, Atlanta, GA)

Dr. Guillermo Umpierrez treated us to the full results of the AWARD-3 trial, part of the phase 3 package for
dulaglutide (Lilly) that was presented at this session. AWARD-3 compares dulaglutide to metformin in
monotherapy, for patients with an average duration of 2.6 years of diabetes, and an A1c of 7.6%. Results
indicate that dulaglutide has a superior A1c reduction at 26 weeks (around 0.2% better than metformin, but
statistically significant), together with a higher percentage of patients reaching target. The dulaglutide
1.5mg dose had an identical effect on weight as metformin at 26 weeks, although the data suggested that it
weight was trending less favorably than metformin at 52 weeks. Adverse events were comparable (mainly
GI in nature), so Dr. Umpierrez was able to conclude that dulaglutide was superior to metformin in
monotherapy. However, in the Q&A Dr. Rosenstock (chairing the session) admitted that while dulaglutide
was statistically superior, he didn't think it was clinically superior. Dr. Umpierrez countered that since a
significantly greater percentage of people reach target, then by definition it has to be clinically superior.

▪ This study, AWARD-3, is part of a series of five phase 3 trials, leading up to Lilly's FDA
submission for dulaglutide (a once-weekly injectable GLP-1 agonist) scheduled for
2013. Lilly has previously announced top-line results for the AWARD trials that are covered in this
session (see our report at http://www.closeconcerns.com/knowledgebase/r/bd49e680).

▪ This double blind randomized controlled study is designed to compare dulaglutide at
two doses (1.5 mg and 0.75 mg once weekly) with metformin in monotherapy over 52
weeks. Participants were randomized to dulaglutide plus oral placebo (two doses) or metformin
(1,500 or 2,000 mg/day according to tolerability) plus injectable placebo. The 807 treatment naïve
participants were randomized, and at baseline, A1c was low at 7.6%, BMI was 33 kg/m2, average age
was 56 years, and duration of diabetes a relatively short 2.6 years, since it was an early trial.

▪ At 26 weeks, patients taking dulaglutide 1.5 mg experienced a mea 0.8% A1c reduction
from baseline, which was 0.22% better than metformin (p<0.025). Dulaglutide was also
superior at 52 weeks vs. metformin (A1c reduction for dulaglutide 1.5 mg was 0.7% lower than
baseline and 0.17% lower than metformin). However, the lower dose dulaglutide was non-inferior,
but not superior to metformin at 52 weeks. For the high dose dulaglutide, A1c showed a rapid
reduction over the first 13 weeks, with a slight rise from week 26 to week 52. At 26 weeks, 62% of
patients achieved a target of ≤7% A1c in the dulaglutide 1.5 mg arm, compared with 54% of
metformin patients.

▪ At 26 weeks, both the metformin and dulaglutide 1.5 mg arms showed the same weight
loss, around ~4.4 lb (2 kg). By 52 weeks, dulaglutide patients appeared to be gaining weight
compared to metformin patients, but the difference was non-significant. Overall adverse events were
similar in all three arms - GI side effects were the largest component.

Questions and Answers

Q [Dr. Julio Rosenstock]: Dulaglutide maybe be statistically superior, but maybe not clinically superior - I
would conclude that dulaglutide is effective, but you would never use it in monotherapy instead of metformin.

A: The number of people achieving A1c targets was significantly greater than metformin so it is clinically
better. On A1c, dulaglutide is up to 0.4% better, and we think that this is clinically significant.

Q: Do you have any blood pressure data?
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A: I didn't show blood pressure data but there is 2mmHg difference in favor of dulaglutide - but it's not
significant.

Q: Did you ever consider the cost efficacy of this drug? Because metformin is very cheap…

A [Dr. Rosenstock]: Obviously!

EFFICACY AND SAFETY OF DULAGLUTIDE VS. SITAGLIPTIN AFTER 52 WEEKS IN TYPE 2
DIABETES: AWARD-5 (71-OR)

Michael Nauck, MD, PhD (Diabeteszentrum Bad Lauterberg, Harz, Germany)

Dr. Michael Nauck presented the results of Lilly's AWARD-5 study, which compared dulaglutide 1.5 mg and
0.75 mg to sitagliptin and placebo in 1,098 type 2 patients. At 52 weeks, both dulaglutide doses provided
superior A1c reductions compared to sitagliptin (1.11%, 0.86%, and 0.39%, respectively), as well as larger
improvements in body weight (-3.22 kg [-7.1 lbs], -2.7 kg [-6.0 lbs], and -1.63 kg [-3.6], respectively).
Furthermore, a greater proportion of people in the dulaglutide 1.5 mg and 0.75 mg arms achieved the A1c
goal of <7% (58% and 49%, respectively, vs. 33% for sitagliptin), as well as the A1c goal of ≤6.5% (42% and
29%, respectively, vs. 19% for sitagliptin). While dulaglutide was associated with a higher rate of GI side
effects, Dr. Nauck noted that the rates fell within the range typically observed for long-acting GLP-1
agonists.

▪ The doubled blind RCT enrolled type 2 patients who had been on either monotherapy
(metformin or an oral anti-diabetic medication [OAM]) or combination therapy
(metformin plus one OAM) with an A1c between 7.0% and 9.5%. Participants were first
placed on metformin during the 11-week run-in period and then randomized to multiple doses of
dulaglutide (ranging from 0.25 mg to 3.0 mg) for 13 weeks. Dr. Nauck explained that this phase
mimicked a dose-ranging phase 2 trial and allowed Lilly to select the optimal doses for the
subsequent phase 3 trial (AWARD-5). Patients not assigned to the selected doses were exclude from
the phase 3 study. Lilly chose the 0.75 mg and 1.5 mg doses using a Clinical Utility Index, which
takes into account efficacy and safety measures, with a focus on blood pressure and pulse rate effects
- Dr. Nauck remarked that the full details of this process are being presented in poster 1045-P.

▪ The phase 3 trial compared dulaglutide 0.75 mg and 1.5 mg (n=302 and 304,
respectively) to sitagliptin (100 mg; n=315) and placebo (n=177). Patients randomized to
placebo took the placebo capsule for 26 weeks ("for ethical reasons") before switching to sitagliptin.
At baseline, the participants had an average age of 55 years, weight of 86-87 kg (190- 192 lbs), and
A1c of 8.1-8.2%. Dr. Nauck noted that while Lilly obtained both 52-week and 104- week data, his
presentation would focus on the former. The 104-week data is detailed in poster 1004-P.

▪ At 26 weeks, greater improvements in A1c were observed with dulaglutide 1.5 mg (-
1.22%) and 0.75 mg (-1.01%) compared to sitagliptin (-0.61%) and placebo (+0.04%).
This pattern was also observed at 52 weeks, with larger A1c reductions observed for dulaglutide1.5
mg (-1.11%) and 0.75 mg (-0.86%) vs. sitagliptin (-0.39%; p<0.001 for both comparisons). At52
weeks, the three treatment groups had ending mean A1c values of 6.83%, 7.08%, and 7.57%,
respectively. Both dulaglutide doses also provided greater reductions in fasting plasma glucose (- 43
mg/dl for 1.5 mg and -29 mg/dl for 0.75 mg) compared to sitagliptin (-16 mg/dl).

▪ Not surprisingly, greater weight loss was observed with dulaglutide 1.5 mg (-3.22 kg
[-7.1 lbs]) and dulaglutide 0.75 mg (-2.7 kg [-6.0 lbs]) compared to sitagliptin (-1.63 kg [-3.6]).

▪ On the safety front, dulaglutide 1.5 mg and 0.75 mg were associated with slightly
higher rates of adverse events (77% for both groups) compared to sitagliptin (70%). Dr.
Nauck commented that while dulaglutide was also associated with higher rates of GI side effects, the
numbers fall within the range typically observed with long-acting GLP-1 agonists. All three groups
experienced a similarly low rate of injection site reactions (1%), as well as comparable rates of
hypoglycemia (1.6% for dulaglutide 1.5 mg; 2.6% for dulaglutide 0.75 mg, and 1.1% for sitagliptin).
No cases of severe hypoglycemia were reported in the study.
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◦ The trial also tracked cases of pancreatitis and pancreatic cancer over 104
weeks. The rate of pancreatitis was zero cases for the dulaglutide arms and 3 cases/1,000
patient-years in the sitagliptin arm. No cases of pancreatic cancer were reported.

Questions and Answers

Q: Can you tell us something about the biodistribution of the compound? It might be more
concentrated in certain compartments such as the lymph nodes. We know that GLP-1 can act
on T cells and B cells.

A: I can't give you a detailed account of how this molecule is distributed in circulation. I can tell you that the
half life is 5 days, so it's in the circulation for quite a period of time. It's thought to be degraded within the
circulation. So I think the question you ask is very justified and it would be interesting to know such details -
i.e., what is the concentration of dulaglutide in lymph vessels. I think we need to ask the company to do such
details.

Q: Is it degraded in kidney?

A: It is not degraded in the kidney. All the large, once-weekly agonists are somewhat coupled to a big protein.
The purpose is to circumvent the fact that the original peptide related to GLP-1 is cleared in the kidney. This is
also another compound that could be tested in renally-impaired patients.

Q: Regarding the adaptive design, it was very interesting, very nice. I'm guessing that because
of the short timeframe, the reason for choosing the doses of the drug was the side effect
profile. You have 17% nausea, 13% vomiting. What happened when you tested the higher
doses?

A: I think we should go to poster 1045-P for these details. The major reason for not selecting the 3 mg dose
was cardiovascular parameters - e.g., pulse rate and blood pressure. It wasn't because of GI side effects.

Q: Was there a change in pulse rate in this trial?

A: We saw minor changes in pulse rate that are typical for most long-acting GLP-1 agonists.

EXENATIDE ONCE WEEKLY: SUSTAINED GLYCEMIC AND WEIGHT CONTROL THROUGH 3
YEARS COMPARED WITH INSULIN GLARGINE (67-OR)

Michael Trautman, MD (Lilly, Indianapolis, IN)

Dr. Michael Trautman presented three-year results from the DURATION 3 study, which compared the
safety and efficacy of exenatide once weekly and insulin glargine in people with type 2 diabetes. Overall,
treatment with exenatide once weekly was associated with greater reductions in A1c (7.3% vs. 7.5%;
p=0.033) and weight (-2.49 kg vs. +2.0 kg; p<0.001) than with insulin glargine in the ITT groups.
However, insulin glargine provided greater improvements in fasting glucose than exenatide once weekly
(-47.4 mg/dl vs. -31.2 mg/dl; p<0.001). Expectedly, incidence of minor hypoglycemia was significantly
lower with exenatide once weekly compared to insulin glargine throughout the three-year period. No new
safety signals were detected, with one incidence of pancreatitis in both treatment groups. Finally, exenatide
antibodies were found to decrease over time, with 80% of individuals anti- body negative at three years.
There was no association between exenatide anti-body status and degree of clinical effect.

▪ DURATION 3 was a three-year open label, randomized controlled study that
compared the safety and efficacy of exenatide once weekly with titrated insulin
glargine. Insulin glargine was continuously titrated following a treat to target algorithm. Exenatide
once weekly was administered as a fixed 2.0 mg dose. The study randomized 223 individuals to
receive insulin glargine and 233 individuals to receive exenatide once weekly. At three years, 140
individuals remained in the exenatide once weekly arm and 147 individuals remained in the insulin
glargine arm. Both arms were balanced at baseline, with an average A1c of 8.3%, body weight of 90
kg, and average duration of diabetes of eight years. 70% of patients in both arms were inadequately
controlled on metformin alone, whereas the other 30% were inadequately controlled on metformin
and a sulfonylurea. These baseline drugs were continuedthroughout the trial. Importantly, there
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were no differences in baseline characteristics between the intent to treat and the completer
populations.

▪ Exenatide once weekly provided a greater average reduction in A1c over three years
vs. insulin glargine. Rapid reductions in A1c through week 36 were observed in both arms.
Following week 36, A1c steadily increased with both treatments at approximately the same rate. At
three years, however, average A1c remained statistically significantly lower in the ITT group with
exenatide once weekly treatment (7.3%) vs. insulin glargine (7.5%; p=0.033). The average insulin
glargine dose at three years was 39 IU/day. In the completer population, a similar result was
observed with an average A1c of 7.1% in the exenatide once weekly arm vs. 7.4% in the insulin
glargine arm (p=0.022). A greater percentage of patients were found to achieve the A1c goals of
7.0% and 6.5% with exenatide once weekly than insulin glargine at three years. In the ITT
population, this result was only significant for the 6.5% target (24% v 15%; p=0.02). The 7.0% target
was achieved by 40% of patients in the exenatide once weekly arm and 33% of patients in the insulin
glargine arm (p=0.12).

▪ Insulin glargine was associated with greater reductions in fasting plasma glucose. At
three years, there was a -47.7 mg/dl reduction in FPG in the insulin glargine arm vs. a -31.16 mg/dl
reduction in the exenatide once weekly arm. Dr. Trautman noted that this result was not surprising
and suggested that the much of the glycemic benefit associated with exenatide once weekly is due to
its impact on post-prandial control.

▪ Exenatide once weekly provided significantly greater weight loss at three years vs.
insulin glargine. In the ITT population, there was a weight gain of 2.0 kg with insulin glargine vs.
a weight loss of 2.5 kg with exenatide once weekly (p<0.001). The weight loss achieved by exenatide
was rapid, with maintenance beginning around week 36 through the end of the trial.

▪ No surprising new tolerability and safety findings were reported. Minor hypoglycemia
was reported less frequently with exenatide once weekly treatment than with insulin glargine. In the
metformin subgroup, 12% of patients treated with exenatide once weekly vs. 40% of patients treated
with insulin glargine reported one or more minor hypoglycemic episodes over three years. There was
one event of pancreatitis in both groups. Anti-exenatide antibodies were found to decrease overtime,
with 80% of the exenatide once weekly treatment group anti-body negative at three years. Further,
there was no association between anti-body status and degree of glycemic effect.

HARMONY 8: ONCE WEEKLY (QW) GLP1 AGONIST ALBIGLUTIDE (ALBI) VS. SITAGLIPTIN
(SITA) IN TYPE 2 DIABETES (T2D) PTS WITH RENAL IMPAIRMENT (RI): WEEK 26
RESULTS (68-OR)

Lawrence Leiter, MD (University of Toronto, Toronto, Canada)

Dr. Lawrence Leiter presented 26-week results from the HARMONY 8 trial, which evaluated the efficacy,
safety, and tolerability of albiglutide (n=246) compared to sitagliptin (n=240) in people with type 2 diabetes
and renal impairment inadequately controlled on lifestyle modifications or other oral diabetes agents.
Through week 26, albiglutide (-0.8%) provided significantly greater reductions in A1c than sitagliptin
(-0.5%; p=0.0003). Further, numerically greater reductions in A1c were observed with albiglutide
regardless of renal impairment severity, although the result only reached significance for the moderate
renal impairment group. However, Dr. Leiter noted that the trial was not adequately powered to detect
these differences. Greater weight loss was also achieved with albiglutide than with sitagliptin (-0.8 kg vs.
-0.2 kg; p=0.028). Both treatments were generally well tolerated and safe. The most common adverse side
effects included diarrhea (8.8% with albiglutide vs. 6.1% with sitagliptin), constipation (6% vs. 2%), and
nasopharyngitis (5.2% vs. 6.5%). Notably, nausea (4.8% vs. 2.8%) and vomiting (1.6% vs. 0.8%) rates were
low in both groups. Although a greater proportion of people experienced hypoglycemia with albiglutide
than with sitagliptin (20.5% vs. 13.4%), the majority (>90%) of cases in both arms occurred in participants
who were also using an SFU. Antibodies to albiglutide were found in 2.8% of participants, but none of the
antibodies were determined to be neutralizing. There was one incidence of pancreatitis in the albiglutide
group, but it was determined to be non-related to treatment.

www.closeconcerns.com 99



▪ HARMONY 8 is a 52-week randomized, double blind, active controlled phase 3 study
that will evaluate the efficacy, safety, and tolerability of albiglutide compared to
sitagliptin in people with type 2 diabetes and renal impairment (eGFR <90 and>15 ml/
min/1.73 m2) inadequately controlled on lifestyle modifications (11%) or oral diabetes
agents (metformin, TZD, and/or SFU). After a four-week run in period, participants were
randomized to 30 mg albiglutide once weekly (n=246) or sitagliptin (n=240). Albiglutide was
uptitrated to 50 mg beginning at week four if glycemic targets were not met. Sitagliptin was dosed by
degree of renal impairment according to product label. The treatment arms were balanced at
baseline, with an average age of 63 years, BMI of 30 mg/kg2, A1c of 8.1%, and duration of diabetes
of 11 years. Further, 8% of each group had a prior MI, 51% in each group were determined to have
mild renal impairment (eGFR of 60-89 ml/min/1.73 m2), 40% moderate renal impairment (eGFR
30-60 ml/min/1.73 m2), and 9% severe renal impairment (eGFR <30 ml/min/1.73 m2).

▪ Through week 26, albiglutide (-0.8%) provided significantly greater reductions in A1c
than sitagliptin (-0.5%; p=0.0003). Further, numerically greater reductions in A1c were
observed with albiglutide regardless of renal impairment severity, although the result only reached
significance for the moderate renal impairment group. Dr. Leiter noted that the trial was not
powered to detect statistically significant differences between these subgroups. In the mild renal
impairment group, albiglutide provided an average A1c reduction of -0.72% vs. a -0.66% reduction
with sitagliptin. In the moderate renal impairment group, a -0.88% reduction with albiglutide was
observed vs. a -0.37% reduction with sitagliptin. In the severe renal impairment group, a -1.08%
reduction in A1c was observed vs. a -0.65% reduction with sitagliptin. With regards to FPG,
albiglutide provided statistically significantly greater reductions than sitagliptin(-26 mg/dl vs. 4 mg/
dl; p<0.0001). A greater proportion of participants were also able to achieve a target A1c of 7.0%
with albiglutide (24.5%) than with sitagliptin (19.2%). 34% of participants in the albiglutide arm
required uptitration to the 50 mg dose during the trial.

▪ Greater weight loss was achieved with albiglutide than with sitagliptin. The albiglutide
arm achieved an average weight loss of 0.8 kg vs. an average weight loss of 0.2 kg in the sitagliptin
arm (p=0.028).

▪ Both treatments were demonstrated to be generally well tolerated and safe. Drug
related adverse effects were slightly more frequent in the albiglutide arm than the sitagliptin arm
(19.7% vs. 13.0%). The most common adverse side effects included diarrhea (8.8% with albiglutide
vs. 6.1% with sitagliptin), constipation (6% vs. 2%), and nasopharyngitis (5.2% vs. 6.5%). Notably,
nausea (4.8% vs. 2.8%) and vomiting (1.6% vs. 0.8%) rates were low in both groups. Dr. Leiter
attributed albiglutide's low rate of nausea and vomiting to its long half-life, slow ramp up to
therapeutic blood levels, and limited access to the CNS given its large size. With regards to
hypoglycemia, there were no severe cases of hypoglycemia with albiglutide vs. two severe cases with
sitagliptin. 20.5% of people in the albiglutide arm experienced hypoglycemia (94% of whom were
also using an SFU) vs. 13.4% with sitagliptin (91% of whom were also using an SFU). Antibodies to
albiglutide were found in 2.8% of participants, but none of the antibodies were determined to be
neutralizing. There was one incidence of pancreatitis in the albiglutide group, but it was determined
to be non-related to treatment. There were no incidences of pancreatitis in the sitagliptin group.

Questions and Answers

Q: How is albiglutide metabolized?

A: It is cleared by the reticuloendothelial system.

Q: What are your thoughts regarding the minimal GI side effects observed?

A: These results are consistent with previous data for albiglutide which showed a low incidence of nausea and
vomiting. It is related in part to its once weekly injection, the gradual increased in blood drug levels, and the
molecules large size, which possibly prevents CNS entry.

Q: Was there any difference in nausea rates with changing levels of renal impairment?
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A: No, there was not.

EXENATIDE BID VS. INSULIN LISPRO TIDM ADDED TO TITRATED INSULIN GLARGINE QD
IN METFORMIN-TREATED T2DM PATIENTS RESULTED IN SIMILAR GLYCEMIC CONTROL
BUT WEIGHT LOSS AND LESS HYPOGLYCEMIA: THE 4B STUDY (70-OR)

Michaela Diamant, MD, PhD (VU University Medical Center, Amsterdam, Netherlands)

Dr. Michaela Diamant presented the results of a study directly comparing a prandial GLP-1 receptor
agonist (exenatide BID) with a standard prandial insulin (insulin lispro T1DM). Following 12 weeks of basal
insulin titration, participants who did not achieve A1c levels below 7.0% were randomized 1:1 to receive
exenatide BID (5 g, titrated up to 10 g after four weeks, n=315) or insulin lispro treatment (n=312) for 30
weeks. This phase-3b 44-week open-label randomized, comparator-controlled interventional study found
that both treatment arms achieved similar A1c reductions, but with lower fasting glucose, greater weight
loss, less daytime hypoglycemia, and reduced systolic blood pressure observed among patients receiving
exenatide BID.

▪ In addition to establishing non-inferiority in A1c reduction (baseline after basal
titration A1c 8.5%; exenatide 7.0% vs. 7.1% with insulin lispro at 44 weeks), while
individuals receiving insulin lispro gained 2.1 kg (4.6 lbs), individuals receiving
exenatide BID lost an average of 2.5 kg (5.5 lbs) after 30 weeks into treatment
intensification. The change in fasting glucose was also 0.64 mmol/L (11 mg/dl) lower among
patients receiving exenatide BID compared to patients receiving insulin lispro. Self-monitored blood
glucose was also lower, except at lunch due to insulin lispro delivery at each meal, versus exenatide's
twice-daily delivery. At this time, approximately 15 more units of basal insulin were required daily
by participants receiving exenatide BID (57 vs. 42).

▪ Daytime hypoglycemia was found to be less frequent among individuals receiving
exenatide BID than insulin lispro (15.2% vs. 33.7% incidence; p<0.001). Minor
hypoglycemia was also less common; 40.7% incidence was reported among patients receiving
insulin lispro, whereas only 29.5% incidence was observed among patients receiving exenatide BID
(p<0.004). Given these results, Dr. Diamant believes that a short-acting GLP-1 receptoragonist may
be a novel and efficacious treatment strategy for patients who fail on insulin and further
intensification.

Oral Sessions: New Information on DPP-4 Inhibition

CARDIOVASCULAR (CV) SAFETY OF LINAGLIPTIN IN PATIENTS WITH TYPE 2 DIABETES
(T2D): A POOLED COMPREHENSIVE ANALYSIS OF PROSPECTIVELY ADJUDICATED CV
EVENTS IN PHASE 3 STUDIES (376-OR)

Odd Erik Johansen, MD, PhD (Boehringer-Ingelheim, Ingelheim, Germany)

Dr. Odd Erik Johansen discussed a study that compared the incidence of CV events for linagliptin
(Tradjenta) vs. comparator drugs in ~9,500 patients with type 2 diabetes enrolled in 19 double-blind RCTS
("the most comprehensive trial database available"). He dedicated nearly half of his presentation time to
background information, ending with a swift review of the data. The study used a prospectively defined
adjudication process and measured time to first event for a composite primary endpoint of CV death, non-
fatal stroke, non-fatal myocardial infarction, and hospitalization for unstable angina pectoris (4P-MACE).
The primary analysis indicated that linagliptin has a favorable effect on CV risk (HR: 0.78; 95% CI:
0.55-1.12). Further analysis shows that this result was mediated mostly by linagliptin's effect on non-fatal
stroke (HR: 0.34; 95% CI: 0.15-0.75) - data for CV death (HR: 1.04; 95% CI: 0.42-2.60) and non-fatal
myocardial infarction (HR: 0.86; 95% CI: 0.47-1.56) were not as compelling. For these three endpoints
combined (strict MACE composite), the hazard ratio was positive (0.74) and with the upper bound of the
95% confidence interval over one (95% CI: 0.49-1.13). Dr. Johansen ended his presentation by highlighting
that further CV data will emerge from linagliptin's cardiovascular outcomes trial (CVOT) CAROLINA
(comparing the drug to glimepiride; n=6,103), as well as from the CARMELINA study (a placebo-controlled
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CV and renal outcomes study; n=8,300). As noted previously, BMS/AZ just reported topline results from
Onglyza's CVOT SAVOR-TIMI showing that the drug was non-inferior but not superior to placebo in
reducing CV risk (full details are in our report at http://close.cx/SAVORtopline).

▪ Dr. Johansen explained the rationale for this analysis of CV risk. He began by reminding
the audience that type 2 diabetes confers a roughly two-fold excess risk for a wide range of vascular
disease, independent of other cardiovascular (CV) factors. Studies show that people with type 2
diabetes exhibit characteristics of CV biopathology distinct from those without the disease. Dr.
Johansen cited an independent CV assessment of the DPP-4 inhibitor class vs. other drugs that
included 70 trials (n= ~42,000) and found no CV harm associated with DPP-4 inhibitors (Monami
et al., Dibaetes Obes Metab 2013). In addition, mechanistic trials have indicated that DPP-4
inhibitors have several potential CV benefits independent of their effects on glycemia (e.g.,
decreasing blood pressure and triglyceride levels, increasing left-ventricle function, decreasing
inflammation and oxidative stress, increasing endothelial function, decreasing myocardial infarct
size).

▪ The pooled analysis included 5,847 patients on linagliptin (5 mg and 10 mg; 4,421
patient years in total) and 3,612 patients on the comparators (placebo, glimepiride,
voglibose; 3,255 patient years of exposure). As baseline, the participants had an average age
of 59 years, A1c of 8.1%, BMI of 29-30 kg/m2, and Framingham 10-year CV risk score of 9.7- 10.2.

▪ Hazard ratios for secondary and tertiary endpoints:

Secondary Endpoints Tertiary Endpoints

Strict MACE

HR: 0.74

(95% CI:

0.49-1.13)

CV death

HR: 1.04

(95% CI:

0.42-2.60)

All adjudicated CV events

HR: 0.82

(95% CI:

0.61-1.09)

Non-fatal MI

HR: 0.86

(95% CI:

0.47-1.56)

FDA-custom MACE (not

defined)

HR: 0.74

(95% CI:

0.45-1.08)

Non-fatal stroke

HR: 0.34

(95% CI:

0.15-0.75)

Transient ischemic attack

HR: 0.09

(95% CI:

0.01-1.75)

Unstable angina pectoris w/

hospital.

HR: 1.08

(95% CI:

0.56-2.06)

Total Mortality

HR: 0.89

(95% CI:

0.45-1.75)

THE EFFECTS OF LINAGLIPTIN, A DPP-4 INHIBITOR, IN DIABETIC HEMODIALYSIS
PATIENTS ASSESSED BY CGM (374-OR)

Satoshi Funakoshi, MD, PhD (Sakuramachi Clinic, Nagasaki, Japan)
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Dr. Satoshi Funakoshi presented evidence that replacing insulin with the DPP-4 inhibitor linagliptin (Lilly's
Tradjenta) in people undergoing hemodialysis can reduce the glycemic variability associated with
hemodialysis. In his study, six relatively well-controlled patients with diabetes (A1c <7%) who were on
insulin were monitored by CGM on one hemodialysis-free (HD-free) day and one hemodialysis (HD) day.
Subsequently, they were switched off of insulin onto linagliptin 5 mg and again monitored by CGM on one
HD-free and one HD day. Dr. Funakoshi did not specify how long the patients underwent linagliptin
treatment prior to the second round of HD and CGM monitoring. He presented two case studies where
mean amplitude of glucose excursions (MAGE) was markedly decreased on HD days after switching to li/
nagliptin (~20 mg/dl decrease in one case and ~100 mg/dl decrease in the other). Overall, when he showed
the composite CGM traces for all six patients, it was very clear that switching to linagliptin flattened out the
glycemic variability at the time of HD. As such, MAGE on the HD days significantly decreased after
switching from insulin to linagliptin (mean value not provided; p<0.05). No changes in hypoglycemia or
A1c were observed after switching to linagliptin. We found it quite striking that patients needing insulin
could achieve adequate control after switching to linagliptin - it was unclear whether Dr. Funakoshi was
suggesting that patients should only switch to linagliptin treatment on days when they need HD or if they
should switch to linagliptin treatment long-term. This seems like a creative approach to solve a key problem
for this very sick population.

▪ Hemodialysis (HD) is often associated with glycemic variability. Dr. Funakoshi proposed
a number of potential reasons: 1) glucose transport into erythrocytes may change due to cytoplasmic
pH changes during HD; 2) the HD solution contains glucose to buffer against acute hypoglycemia;
3) removal of insulin from the blood during HD could result in an insulin shortage afterwards; 4)
clearance of uremic toxins from the blood improves insulin resistance.

▪ Dr. Funakoshi hypothesized that, with its glucose-dependent mechanism of action,
linagliptin could reduce glycemic variability during and after HD. Linagliptin is theonly
DPP-4 inhibitor cleared hepatically rather than renally, so is the prime incretin option for patients
with renal impairment. Additionally, it has a high protein binding rate (>90%), so it is minimally
removed by HD therapy.

▪ The study enrolled six relatively well-controlled patients with diabetes on
hemodialysis (A1c <7%) and on background insulin therapy. Patients monitored by CGM
on one hemodialysis-free (HD-free) day and one hemodialysis (HD) day. Subsequently, they were
switched off of insulin onto linagliptin 5 mg and again monitored by CGM on one HD-free and one
HD day. Dr. Funakoshi did not specify how long the patients underwent linagliptin treatment prior
to the second round of CGM monitoring.

▪ Switching from insulin to linagliptin significantly reduced mean amplitude of glucose
excursions (MAGE) on HD days (mean value not specified; p<0.05). A composite graph of
all six CGM tracings visually supported this finding - tracings on the HD day were much flatter and
much more resembled the HD-free day after switching to linagliptin.

A LOCAL GLP-1 SYSTEM IN HUMAN PANCREATIC ISLETS: THE ROLE OF DPP-IV
INHIBITION BY MK-0626 (378-OR)

Marco Bugliani, PhD (University of Pisa, Pisa, Italy)

Dr. Marco Bugliani presented in vitro evidence that 1) the DPP-4 enzyme is present in human islet cells
(particularly in the alpha cells); 2) that DPP-4 inhibitors exert a direct protective effect against gluco- and
lipotoxicity; and 3) that these effects may be mediated by actions of a local GLP-1 system in the islet cells.
Using immunohistochemistry, Dr. Bugliani's group found that human pancreatic tissue stained positively
for DPP-4; using immunofluorescence, they co-localized the DPP-4 expression with glucagon but not with
insulin or GLP-1, thus concluding that DPP-4 was present primarily in alpha cells. They then treated islet
cells with the DPP-4 inhibitor MK-0626 and found that MK-0626 treatment increased active GLP-1
concentration in islets; induced insulin release; preserved beta cell glucose sensitivity after 24-hour
exposure to 11 mM glucose or 0.5 mM palmitate; and conferred a partial preservation of insulin granules.
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MK-0626 produced a significant increase in DPP-4 gene expression in islets cells, but no major changes
were observed for insulin or GLP-1 gene expression.

CHANGE IN BODY WEIGHT AFTER 24 WEEKS OF VILDAGLIPTIN THERAPY AS A FUCTION
OF BASELINE FASTING GLUCOSE LEVELS IN PATIENTS WITH TYPE 2 DIABETES (372-OR)

James Foley, PhD (Novartis Pharmaceuticals Corporation, East Hanover, NJ)

Dr. James Foley presented evidence that baseline fasting plasma glucose predicts the weight change a
patient experiences on vildagliptin (Novartis' Galvus). Type 2 diabetes patients frequently have plasma
glucose levels above the renal threshold for glucose reabsorption (approximately 10 mmol/L or 180 mg/dl),
resulting in glucose loss through urine. Thus, any anti-hyperglycemic agent may reduce glycosuria, thereby
increasing caloric retention. Dr. James Foley's group hypothesized that weight change experienced by
patients on the DPP-4 inhibitor vildagliptin is dependent on baseline fasting plasma glucose (FPG) levels,
with high initial FPG corresponding to a higher potential for accruing a positive caloric balance due to
increased caloric retention. They compiled data on 2,863 type 2 diabetes patients drawn from a database of
vildagliptin clinical monotherapy studies. The average age was 54 years, and the mean duration of their
diabetes was two years. The results showed that patients' change in body weight was positively and
significantly correlated with their baseline FPG levels, with a coefficient of approximately 8.5 g/(mg/dl). A
FPG level of 230 mg/dl was the break-even point in terms of weight gain or loss. The data demonstrated
that, when glycosuria is taken into account, vildagliptin treatment results in negative caloric balance. To
explain the phenomenon, Dr. Foley noted that DPP-4 inhibitors likely reduce intestinal triglyceride
absorption, increase lipolysis in adipose tissue, and increase fat oxidation in muscles. Despite the limitations
of database studies, we believe these results provide valuable information on which patients can expect to
see weight loss or gain on vildagliptin therapy.

Questions and Answers

Q: Have you been able to do any studies on thermogenesis?

A: No, we haven't yet done a formal thermogenic study.

Q: I assume the same would hold true for measurements of glycosuria?

A: No weren't able to obtain those data either.

SITAGLIPTIN, A DIPEPTIDYL PEPTIDASE-4 INHIBITOR, IMPROVES THE UNFAVORABLE
M1/M2-LIKE PHENOTYPES OF PERIPHERAL BLOOD MONOCYTES IN JAPAENSE TYPE 2
DIABETIC PATIENTS (377-OR)

Noriko Satoh-Asahara, MD (Kyoto Medical Center, Kyoto, Japan)

Dr. Noriko Satoh-Asahara discussed a study evaluating the effect of sitagliptin on M1 and M2-like
phenotypes, an indication of the drug's cardiovascular (CV) effects. To begin, Dr. Satoh-Asahara noted that
GLP-1 has pleiotropic effects that could favorably impact CV risk (e.g., decreasing body weight, glucose
levels, and silent inflammation, oxidative stress, endothelial dysfunction, and blood pressure). She further
explained that obesity induces a phenotypic switch in the macrophages of adipose tissue - from an anti-
inflammatory (M2) to a pro-inflammatory (M1) polarization - which contributes to inflammation and
insulin resistance. This switch is detected by measuring M1 and M2 markers in peripheral blood monocytes
(a type of white blood cell). This open-label trial randomized 52 Japanese type 2 patients (at baseline, mean
age of 60 years, BMI of 26 kg/m2, A1c of 8.2%) to either diet alone (n=26) or to diet plus sitagliptin (50 mg
daily; n=26) for three months. As expected, sitagliptin therapy decreased fasting plasma glucose, A1c and
plasma GLP-1 levels. In addition, sitagliptin decreased levels of the M1 pro-inflammatory marker TNFα in
both serum and monocytes (p<0.01 and p<0.05, respectively) and increased levels of the M2 an-
inflammatory marker IL-10 in both serum and monocytes (p<0.01 and p<0.05, respectively). Dr. Satoh-
Asahara noted that multivariate regression analysis revealed that sitagliptin was the only factor
independently associated with an increase in monocyte IL-10. The therapy also decreased serum levels of
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two other inflammatory markers - oxidized LDL and C-reactive protein - further suggesting its positive
effect on the CV system.

Oral Sessions: Novel Therapeutics

TTP054, A NOVEL, ORALLY-AVAILABLE GLUCAGON-LIKE PEPTIDE-1 (GLP-1) AGONIST:
RESULTS FROM A 28 DAY STUDY IN SUBJECTS WITH TYPE 2 DIABETES MELLITUS
(T2DM) (115-OR)

Stephanie Gustavson, PhD (TransTech Pharma, High Point, NC)

Dr. Stephanie Gustavson presented the results of a four-week trial examining the safety and efficacy of
TTP054, a phase 2 oral GLP-1 agonist currently in development by TransTech Pharma. In the trial, patients
with type 2 diabetes on background metformin were randomized to receive either TTP054 400 mg QD
(n=9), TTP054 200 mg BID (n=10), TTP054 200 mg QD (n=11), or placebo (n=18). TTP054-treated patients
demonstrated consistently greater declines in fasting plasma glucose (-15 mg/dl with 200 mg QD, -18 mg/dl
with 200 mg BID, and -20 mg/dl with 400 mg QD vs. -5 mg/dl with placebo) and two-hour postprandial
glucose (-30 mg/dl, -32 mg/dl, and -35 mg/dl vs. no change with placebo) versus placebo-treated patients;
while not long enough in duration to produce change in A1c, predictive models estimated A1c change at
three months at about 0.6-1.0% across doses, which Dr. Gustavson suggested was a conservative estimate
given the study design. Notably, TTP054-treated patients demonstrated no hypoglycemic events, with
incidence of GI adverse events similar to those observed in the placebo arm. Dr. Gustavson noted that all
phase 1 studies with TTP054 have completed, with one 12- week phase 2 study just recently completed.
Given the reduction in GI adverse events and convenience, we will be interested to follow TTP054 as further
clinical data is released. The company currently has another oral GLP-1 candidate, TTP273, in
development; other companies known to have oral GLP-1 candidates include Zydus Cadila (ZYOG1; phase
1), Arisgen (preclinical), Heptares (preclinical), and Novo Nordisk (NN9924, NN9926, NN9927; all phase 1).

▪ TTP054 is a phase 2 oral GLP-1 agonist currently in development by TransTech
Pharma. In addition to the convenience of oral administration, given administration is through the
intestine, it is expected the drug will have a lower incidence of GI adverse events versus injectable
GLP-1; additionally, the oral drug is a small molecule agonist rather than a peptide, so it is believed
it will not incur antibody formation. Dr. Gustavson noted that TTP054 has completed phase 1
studies, with one 12-week phase 2 study recently completed. An additional candidate TTP273 is in
development with proof of mechanism demonstrated and phase 2b trials to begin in early 2014.

▪ In this trial, patients with type 2 diabetes on background metformin were randomized
to receive either TTP054 400 mg QD (n=9), TTP054 200 mg BID (n=10), TTP054 200
mg QD (n=11), or placebo (n=18) for four weeks. Evidencing proper absorption, TTP054 had
a median Tmax of ~3 hours and mean terminal half-life of ~6 hours.

▪ TTP054-treated patients demonstrated consistently greater declines in fasting plasma
glucose (-15 mg/dl with 200 mg QD, -18 mg/dl with 200 mg BID, and -20 mg/dl with
400 mg QD vs. -5 mg/dl with placebo) and two-hour postprandial glucose (-30 mg/dl,
-32 mg/dl, and -35 mg/dl vs. no change with placebo) versus placebo-treated patients.
As the trial was too short in duration to show A1c change, Dr. Gustavson relied on various models to
estimate A1c change at three months using these effects on glucose variables. Across four models of
predicted change, declines in A1c were roughly -0.7% with 200 mg QD, -0.6% with 200 mg BID, and
-1.0% with 400 mg QD versus -0.2% versusplacebo (baseline A1cs 8.1%, 8.1%, 8.3%, and 7.7%,
respectively). Additionally, she suggested these estimates were conservative, given the meal
challenge in this trial was small with no stabilization of diet prior to assessment and glucose
lowering was continuing to decline with treatment at the time of assessment.

▪ TTP054-treated patients demonstrated no hypoglycemic events, with incidence of GI
adverse events similar to those observed in the placebo arm (2/11 patients [18%] with
200 mg QD, 0/10 patients [0%] with 200 mg BID, and 1/9 patients [11%] with 400 mg
QD vs. 1/18 [6%] with placebo). Dr. Gustavson suggested all GI adverse events weremild in
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severity with investigators indicating adverse events were due to diet rather than the study
treatment. While not powered to assess changes in lipids, Dr. Gustavson suggested that the
maximum change in triglycerides with TTP054 was -50 mg/dl versus -10 mg/dl with placebo and
that the maximum change in total cholesterol was -15 mg/dl versus +5 mg/dl with placebo,
indicating a potential benefit.

Questions and Answers

Q: Do you have evidence of effect on GI motility?

A: We did look at GI motility in other studies and saw reduction. We also saw reduction in gastric emptying,
so we think the drug is acting in the same way as the mimetics.

Oral Sessions: Diabetic Dyslipidemia

TREATMENT WITH LINAGLIPTIN CAN ATTENUATE POSTPRANDIAL HYPERLIPIDEMIA
(299-OR)

Daisaku Masuda, MD, PhD (Osaka University, Osaka, Japan)

Presenting a study of linagliptin in mice, Dr. Daisaku Masuda explained how the drug reduces post- meal
triglyceride levels. He opened by reminding the audience that recent studies have demonstrated
postprandial hypertriglyceridemia (PHTG) as a risk factor for atherosclerotic cardiovascular diseases. The
cause of PHTG is accumulation of chylomicrons, including triglycerides, Oral fat loading (OFL) tests have
shown that people with type 2 diabetes have high triglyceride peaks, and reports have shown that DPP-4
inhibitors may improve PHTG in these individuals. Using eight-week old mice (n=20), Dr. Masuda's group
investigated the possible mechanisms of this effect. After four weeks on chow alone or chow plus linagliptin,
the mice underwent an overnight fast and then an OFL test. The linagliptin treatment group showed
significantly reduced postprandial triglyceride levels four hours after the OFL compared to the control
group (320 mg/dl vs. 464 mg/dl, p<0.01), and significantly reduced free fatty acid levels six hours post-
OFL. Treatment with linagliptin also decreased the postprandial mRNA expression of apoB and FATP-4,
which are involved in the intestinal formation of chylomicrons. Dr. Masuda concluded that oral
administration of linagliptin improves postprandial triglyceride and triglyceride-rich lipoprotein
metabolism and decreases the intestinal production of/ chylomicrons. In other words, the research
demonstrated a possible pathway by which DPP-4 inhibitor therapy might improve PHTG in people with
type 2 diabetes.

Posters

LIRAGLUTIDE AS ADJUNCT TO INSULIN IN TYPE 1 DIABETES: EFFECTS ON GLYCEMIC
CONTROL AND SAFETY IN A RANDOMIZED, DOUBLE-BLIND, CROSSOVER TRIAL (1007-P)

Simon Heller, Stefan Korsatko, Jamala Gurban, Lene Jensen, Erik Christiansen, Fumiaki
Kiyomi, and Thomas Pieber

This randomized, double-blind, crossover study investigated the effects of liraglutide treatment as an
adjunct to insulin in patients with type 1 diabetes (n=45). Patients were randomized to one of three doses of
liraglutide - 0.6 mg (n=15), 1.2 mg (n=14), or 1.8 mg (n=16) - and to one of two sequences (placebo/
liraglutide or liraglutide/placebo) for a four-week treatment period, two-to-three-week washout period,
and four-week crossover treatment. At baseline, patients across groups had comparable age (30-39 years),
A1c (7.5-7.8%), body weight (mean 72-75 kg [158-165 lbs]), duration of diabetes (14-18 years), and daily
insulin dose (42-49 U). Daily insulin dose was significantly reduced by 27% in the 1.2 mg and by 24% 1.8 mg
liraglutide group versus placebo (p<0.001), but there were no significant reductions in the 0.6 mg
liraglutide group. This indicates a pharmacologic effect that may contribute to glycemic control when
liraglutide is added as an adjunct to insulin to treat type 1 diabetes. All liraglutide groups significantly
reduced weight (p<0.001). Adverse events were higher during liraglutide treatment compared to placebo,
with the highest number due to gastrointestinal adverse events. No differences in the number of
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hypoglycemic episodes or patients with hypoglycemic episodes were observed across treatments, and there
were no severe hypoglycemic episodes reported.

▪ After four weeks, liraglutide 0.6 mg, 1.2 mg, and 1.8 mg brought about significant
weight reductions versus placebo. Patients lost 2.0 kg (4.4 lbs), 3.7 kg (8.1 lbs), and 3.3 kg(7.3
lbs) versus placebo (p<0.001) in the 0.6 mg, 1.2 mg, and 1.8 mg arms, respectively. There were no
significant changes in blood pressure, pulse, or body temperature for liraglutide versus placebo.

▪ Adverse effects were common: 67%, 86%, and 93% of patients in the 0.6 mg, 1.2 mg,
and 1.8 mg liraglutide groups experiencing GI adverse events. Nausea occurred in 53%,
78%, and 78% of patients in the 0.6 mg, 1.2 mg, and 1.8 mg liraglutide groups, respectively. At least
86% of patients among all groups experienced documented symptomatic hypoglycemic episodes,
and at least 93% of patients among all groups experienced an ADA-classified hypoglycemic event
during treatment. However, no severe hypoglycemic episodes occurred.

SAFETY AND EFFICACY OF DULAGLUTIDE VERSUS SITAGLIPTIN AFTER 104 WEEKS IN
TYPE 2 DIABETES (AWARD-5) (1004-P)

Ruth Weinstock, Guillermo Umpierrez, Bruno Guerci, Michael Nauck, Karen Boleyn, Zachary
Skrivanek, and Zvonko Milicevi

This 104-week, randomized, multi-center, double-blind trial examined the efficacy and safety of dulaglutide
(DU) versus sitagliptin (SITA) in patients with type 2 diabetes treated with metformin. Patients were
randomized to 1.5 mg DU (n=304), 0.75 mg DU (n=302), 100 mg SITA (n=315), or placebo (n=177) (to 26
weeks). At baseline, subjects had average BMI of 31 kg/m2, age of 54 years, A1c 0f 8.1-8.2%, and weight of
87 kg (191 lbs). At the end of 104 weeks, DU provided significantly greater A1c reductions than SITA
(p<0.001). In the 1.5 mg DU, 0.75 mg DU, and SITA arms, A1c decreased an average 1.0%, 0.7%, and 0.3%,
respectively, over 104 weeks. The 1.5 mg DU group was associated with greater body weight loss than SITA
(1.1 kg [2.4 lbs] beyond placebo) (p<0.001) at 104 weeks. There was a higher rate of GI adverse events in the
DU arms compared to SITA, including nausea, vomiting, diarrhea, constipation, and abdominal distension.
The incidence and rates of hypoglycemia were similar across treatment groups and there were no reports of
severe hypoglycemia episodes.

▪ At the end of 104 weeks, A1c decreased in the 1.5 mg DU, 0.75 mg DU, and 100 mg
sitagliptin groups by an average 1.0%, 0.7%, and 0.3%, respectively. The percentage of
patients who achieved an A1c <7.0% at the end of the study was 54%, 45%, and 31%, with a weight
reduction of 2.9 kg (6.4 lbs), 2.4 kg (5.3 lbs), and 1.7 kg (3.8 lbs), in the 1.5 mg DU, 0.75 mg DU, and
100 mg SITA arms, respectively. We note that a high number of people dropped out in each
treatment arm: 37% in the 1.5 mg DU, 39% in the 0.75 mg DU, 41% in the SITA, and 46% in the
placebo arm, with the primary cause due to adverse events. We also note that serious adverse events
were reported in 12% of patients in the 1.5 mg DU arm, 8% of patients in the 0.75 mg DUarm, and
10% of patients in the 100 mg SITA arm. No difference across treatment groups in systolic or
diastolic pressure was observed.

▪ There were no reports of severe hypoglycemic episodes at any point during the study.
The incidence of hypoglycemia was, however, prevalent and similar across treatment groups: 13% in
the 1.5 mg DU arm, 9% in the 0.75 mg DU arm, and 9% in the 100 mg SITA arm. The authors
concluded that the safety profile and superior A1c-lowering efficacy of DU vs. SITA after 104 weeks
indicate an acceptable benefit/risk profile; however, it is important to note that significantly more
patients in the DU arms experienced adverse events during the first 24 weeks of the study, with the
highest incidence among the 1.5 mg DU group.

DIPEPTIDYL PEPTIDASE 4 INHIBITORS AND COMPARATIVE PANCREATIC CANCER RISK
(111-LB)

Mugdha Gokhale, John Buse, Virginia Pate, Christine Gray, Alison Marquis, and Til Stürmer
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Recent evidence has suggested a potential association between pancreatic cancer and DPP-4 inhibitors, but
to date, the human populations studied have been limited. This poster explored the incidence of pancreatic
and all other cancers among new DPP-4 inhibitor users compared to those initiating sulfonylureas or TZDs.
The source of data was a 20% random sample of all available Medicare claims from 2007-2010. All patients
were >65 years of age and inclusion criteria required at least 6 months enrollment prior to drug initiation.
Patients with any cancer diagnosis prior to initiation or between the first and second prescription were
excluded. The study found no increased risk of pancreatic cancer or any cancer post initiation of DPP-4
inhibitors as compared to sulfonylureas or TZDs. For pancreatic cancer, the adjusted hazard ratio (HR) for
the as-treated patient group was 0.52 (95% CI=0.28-1.00) for DPP-4 inhibitors vs. SFU and 1.11 (95%
CI=0.67-1.83) for DPP-4 inhibitors vs. TZDs. The results for crude HRs and the intent-to-treat population
followed the same pattern whereby the point estimate for DPP-4 vs. SFU was below 1.0 but the 95% CI did
not exclude 1.0, and the point estimate for DPP-4 vs. TZD was slightly over 1.0 but with the 95% CI crossing
1.0. To exclude the possibility of reverse causality, the authors repeated the analysis excluding first 6 months
of the follow-up. However, results remained the same. To address concerns about detection bias, the authors
noted that there was little evidence for differential diagnostic work-up in DPP-4 inhibitor initiators. There
was also no difference in any-cancer incidence when comparing DPP-4 inhibitor to SFU or TZD initiators.

▪ The comparison between DPP-4 inhibitors and sulfonylurea initiators compared
11,602 and 48,746 individuals, respectively. The comparison between DPP-4 inhibitors and
TZDs followed 18,991 DPP-4 inhibitor initiators and 22,441 TZD initiators. Populations were
weighted to balance distribution of baseline covariates. The mean age of DPP-4 initiators was 75
years with 35% men and 65% women. Insulin use 6 months prior to index date was 15.2-19.5%
among all groups.

▪ Limitations in this study include the short treatment from actual treatment (as
treated analysis), homogeneity of age (all subjects over 65), and data availability
(intent-to-treat analysis).

LOWER RISK OF HYPOGLYCEMIA IN ELDERLY TYPE 2 DIABETES PATIENTS WHEN
LINAGIPTIN IS ADDED TO BASAL INSULIN: AN EXPLORATORY ANALYSIS (2-LB)

Silvio Inzucchi, Michael Nauck, Maximilian von Eynatten, Uwe Hehnke, Hans-Juergen
Woerle, and Robert Henry

Hypoglycemia remains a prominent concern for elderly insulin-requiring patients with type 2 diabetes. This
study demonstrated that adding linagliptin to basal insulin could both improve glycemic control and
improve hypoglycemia compared to placebo. Linagliptin (Lilly/BI's Tradjenta), is one of few oral agents
that is not renally excreted, and thus does not require dose adjustments for people with impaired renal
function. This study was a pooled analysis of data from two phase 3, double-blind, randomized, placebo-
controlled trials that investigated hypoglycemia risk with linagliptin in patients above the age of 70
receiving basal insulin. Baseline characteristics of subjects included a mean age of 74 years, A1c of 8.2%,
BMI of 30 kg/m2, and basal insulin dose of 36 U/day. Treatment with linagliptin resulted in significantly
reduced A1c levels from baseline (-0.77%) and no relevant changes in daily basal insulin requirements.
Despite this improvement in glycemic control, adding linagliptin substantially decreased overall (-37%; OR
0.63) and confirmed symptomatic (-34%; OR 0.66) hypoglycemia risk compared to placebo. We think that
now the even more interesting follow-up study would be to compare linagliptin to prandial insulin or a
GLP-1 agonist as a basal-insulin add-on.

▪ In two phase 3 trials of linagliptin, patients with type 2 diabetes were randomized to
receive either 5 mg once-daily linagliptin (n=126) or placebo (n=121), in addition to
stable doses of basal insulin. Baseline characteristics of subjects included a mean age of 74
years, A1c of 8.2%, BMI of 30.3 kg/m2, and basal insulin dose of 36 U/day. One study was ≥ 52-
weeks comprised of patients ≥ 18 years taking basal insulin alone or in combination with metformin
and/or pioglitazone. The other study was a 24-week study consisting of patients ≥ 70 years of age
receiving metformin and/or sulfonylurea and/or basal insulin. The glycemic efficacy and tolerability
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of linagliptin relative to placebo was assessed using data pooled from the subgroups of patients ≥
than 70 years of age in each study. Basal insulin doses did not change notably during the study.

▪ A significant reduction in incidence of overall and confirmed (blood glucose ≤ 70 mg/dl)
hypoglycemia was found in patients treated with linagliptin. A downward trend in
incidences of hypoglycemia with linagliptin vs. placebo was observed for patients with mild-
moderate baseline hyperglycemia (A1c 7.5-<9.0%; OR 0.41), with baseline A1c <7.5% (overall OR
0.77), and subgroups receiving insulin glargine, insulin detemir, or NPH insulin (overall OR 0.74,
0.59, 0.49, respectively). The mechanism for reduced risk of hypoglycemia with linagliptin was
speculated to involve the glucagon counterregulatory response, though this hypothesis requires
further study to confirm.

COMPARISON OF TREATMENT WITH SITAGLIPTIN (SITA) OR SULFONYLUREA (SU) IN
PATIENTS WITH TYPE 2 DIABETES MELLITUS (T2DM) AND MILD RENAL INSUFFICIENCY
(549-P)

Samuel Engel, Lei Xu, Gregory Golm, Edward O'Neill, Keith Kaufman, and Barry Goldstein

This post-hoc analysis of pooled data from three double-blind studies compared the efficacy and safety of
sitagliptin (Merck's Januvia) to sulfonylureas in patients with type 2 diabetes (n=1,180) and mild renal
impairment (eGFR=60-89 ml/min/1.73 m2). The primary endpoint was change from baseline A1c, and
special focus was placed on differences in rates of hypoglycemia between the two treatment arms. From a
baseline A1c of 7.6%, sitagliptin and sulfonylurea provided similar A1c reductions (0.62% and 0.68%,
respectively). However, treatment with sitagliptin provided less symptomatic hypoglycemia (7% vs. 26% of
patients on sitagliptin vs. sulfonylurea, respectively, reported at least one event; p<0.001), and loss in body
weight compared to SU (0.9 kg [2 lb] weight loss on sitagliptin vs. 1.4 kg [3 lb] weight gain on sulfonylurea;
p<0.0001). Most notably, 40.6% of patients on sitagliptin's met the composite endpoint of an A1c decrease of
greater than 0.5% with no symptomatic hypoglycemia and no weight gain vs. only 16.8% of patients treated
with SU.

▪ Data from 1,180 patients with type 2 diabetes and mild renal insufficiency were pooled
from 3 randomized, double-blind studies. Subjects were administered either 100 mg/day of
sitagliptin (SITA n=584) or sulfonylurea (SU n=596) in titrated doses over a 25-30 week study
period. In both treatment arms, subjects were similar in terms of baseline characteristics. The mean
age was 58 years, and mean BMI was 30-31 kg/m2. Baseline A1c levels were 7.6% in both groups,
while baseline fasting plasma glucose (FPG) levels were 154 mg/dl in the SITA group and 156 mg/dl
in the SU group.

▪ SITA and SU demonstrated comparable improvements in glycemic control. In terms of
change in A1c from baseline, SITA achieved a 0.62% reduction vs. 0.68% reduction in SU.
Furthermore, 60% of patients treated with SITA reached A1c levels of less than 7%, compared to
64% of patients on SU. The percentage of patients with greater than a 0.5% reduction in A1c in SITA
vs. SU were 56.7% and 56.5%, respectively. Change in FPG levels from baseline were also similar,
with a decrease of 16.6 mg/dl in SITA and 18.0 mg/dl in SU. None of these small differences were
statistically significant, suggesting equivalent glycemic efficacy in both drugs.

▪ SITA was associated with a lower incidence of hypoglycemia. Compared to 26.2% of
patients on SU, only 6.8% of patients on SITA experienced at least one symptomatic hypoglycemic
event. None of the patients treated with SITA reported an episode of severe hypoglycemia (defined
as requiring assistance), while one patient receiving SU reported at least one event.

▪ Treatment with SITA resulted in greater weight loss compared to SU. In addition to the
lower prevalence of adverse events of symptomatic hypoglycemia, patients treated with SU
experienced weight gain from baseline (+1.4 kg [3 lb]), whereas those on SITA observed a 0.9 kg (2
lb) loss in body weight.
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Symposium: Non-Glycemic Effects of Incretin-Based Therapy - Glucagon-Like Peptide-1
(GLP-1) and Dipeptidyl Peptidase-4 (DPP-4) (Supported by Boehringer Ingelheim and Eli
Lilly)

UPDATE ON SAFETY OF SHORT- AND LONG-ACTING INCRETIN THERAPY (GLP-1 AND
DPP-4)

Vanita Aroda, MD (MedStar Health Research Institute, Hyattsville, MD)

Upwards of 1,000 people flocked to hear Dr. Vanita Aroda present on incretin safety. Dr. Aroda attended
the June 5-6 NIDDK/NCI workshop on pancreatitis, diabetes, and pancreatic cancer, and her presentation
largely recapitulated highlights from the discussion that took place there (for our coverage of the meeting,
please see our reports at https://close.cx/NIDDKpancreatitisDay1 and https://close.cx/
NIDDKpancreatitisDay2). The conclusions she drew, in her fast-paced and well- organized presentation,
resonated largely with prevailing sentiments on the subject: 1) potential mechanisms have been identified in
animal models to suggest a potential pancreatitis risk; in her view, the real debate is over which of these
models is relevant and representative since different models have produced differing results; 2) current
clinical evidence is insufficient to support altering the risk/benefit profile for incretin-based therapies; 3)
recent studies (e.g., Singh et al., JAMA Int Med 2013 and Butler et al., Diabetes 2013) have not prompted
substantial changes in clinical recommendations; and 4) there is a great need to pool together the
appropriate expertise and data based on rigorous methodologies to address these questions.

▪ Dr. Aroda reviewed the many factors that complicate the investigations into
pancreatitis risk: type 2 diabetes increases risk of pancreatitis and pancreatic cancer by 82%
(Huxley et al., British Journal of Cancer 2005). Additionally, there is the chicken and the egg
problem of reverse causality - individuals recently diagnosed with diabetes (<4 years) have a 50%
greater risk of pancreatic cancer compared to those with longer diabetes duration (odds ratio of2.1
vs. 1.5; Huxley et al., British Journal of Cancer 2005).

▪ Mechanistically, animal models have provided conflicting results on the effects of the
exocrine pancreas. Dr. Aroda emphasized that the real question is discerning which models were
appropriate and representative. Liraglutide did not induce pancreatitis in mice, rats, or monkeys at
exposure levels greater than 60 times the levels used in humans (Nyborg et al., Diabetes 2012).
Meanwhile, in the Pdx-1 Kras mouse (a model primed to develop chronic pancreatitis and pancreatic
cancer), 12 weeks of exendin-4 treatment produced expansion of pancreatic duct glands;
additionally, premalignant pancreatic intraepithelial lesions (PanINs) were identified in these
animals. The FDA's re-examination of toxicology and carcinogenicity studies has not provided any
additional clarity.

▪ Recent clinical evidence of elevated pancreatitis risk for incretin-based therapies
comes from two largely flawed studies. Dr. Aroda relayed criticisms of Dr. Butler's "cadaver
study" (Diabetes 2013) and Dr. Singh's retrospective insurance claims cohort analysis (JAMA Int
Med 2013) that were discussed at the NIH pancreatitis meeting. The three groups from which Dr.
Butler collected pancreata (nondiabetic, type 2 diabetes + incretin therapy, and type 2 diabetes
without incretin therapy) were very small and poorly matched for background treatment, diabetes
duration, age, gender, and BMI. Dr. Aroda referenced Dr. Steven Kahn's commentary stating that
the study also did not control for the effects of prolonged life support. In the Singh et al., study, the
treatment group had higher background rates of risk factors for pancreatitis (e.g., obesity, alcohol
use, hypertriglyceridemia, tobacco abuse, etc.). She reviewed methodological limitations of
observational studies, including inability to control for covariates/confounders or a number of
biases (e.g., reporting bias, notoriety bias, channeling bias [preferential prescribing to specific
patient populations], selection bias, and reverse causation). For our previous coverage of the
diabetes community's reactions to these studies when they were initially published, please see our
Closer Looks at http://www.closeconcerns.com/knowledgebase/r/b03ed6a2 and
http://www.closeconcerns.com/knowledgebase/r/70054620.
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▪ The NIH workshop also discussed the FDA's Adverse Events Reporting System (AERS)
database, concluding that additional data mining of AERS is unlikely to shed more
light on these safety signals. Given the nature of the voluntary, spontaneous reporting, these
data can only be hypothesis generating rather than hypothesis confirming.

▪ So far, randomized controlled trials (RCTs) of incretin-based therapies have not
detected a pancreatitis signal. For liraglutide, Dr. Aroda stated that the rate of pancreatitis has
been 1.8 cases/1,000 patient-years of exposure, which is comparable to the background rate in
diabetes. Three cases of pancreatic cancer have been reported on liraglutide - one in a patient
treated on liraglutide for 152 days, one in a patient treated for seven days and was then diagnosed at
stage 4 (suggesting it was not related to the seven days of liraglutide treatment); and one was
reported prior to randomization. Similarly, she stated that no significant difference has
beenobserved between exenatide and control groups in RCTs for exenatide. In RCTs for sitagliptin,
the rate of pancreatitis was found to be 0.05 events/100 patient-years and 0.06 events/100 patient-
years in the sitagliptin and comparator groups, respectively.

▪ Looking forward, Dr. Aroda expressed optimism that the EMA's Safety Evaluation of Adverse
Reactions in Diabetes (SAFEGUARD) to assess the CV, cerebrovascular, renal, and pancreatic safety
of currently marketed non-insulin glucose lowering agents will provide better quality clinical data -
it will provide up to 240 million patient years of exposure.

▪ During this presentation, Dr. Aroda also briefly addressed hypoglycemia, CV safety,
and thyroid concerns for incretin-based therapies. As we have heard before, she stated that
thyroid safety concerns stem from rodent models that do not match humans' thyroid c-cell response
to GLP-1 receptor agonism.

Questions and Answers

Q: That was a beautiful description done in a scholarly way. However if tomorrow morning
you have a patient in front of you, and the patient is currently on an incretin and says, Doctor,
I have heard a lot of things on television. What is your advice going to be with regard to that
patient?

A: I guess I would flip that question to the audience and ask how many would say to stop the drug?

[No one raises hand]

A: How many would try to educate the patient on balancing risk and continue?

[Scattered hands go up]

A: I am overwhelmingly surrounded by scholars much more scholarly than I. I think we need to spend more
time with patients educating them on what the comparative benefits and risks are.

Q: I agree with that answer

[Applause]

Q: Can you speak about levels of GLP-1 induced by surgery?

A: GLP-1 levels increase after bariatric surgery, and we have not seen an increase in pancreatic cancer. Obesity
surgery is an area where you see decrease in these cancers.

Q: We can capture numbers of acute pancreatitis. My bigger question is, what about numbers
of people with asymptomatic pancreatitis that we won't know about for a long time? Studies
may not show us that we have increased risk of pancreatic cancer until we have a whole lot of
people already at greater risk. That's my concern with short-term risk.

A: Do you mean chronic pancreatitis?

Q: Yes.
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A: Some have asked whether it is worth it to look at enzyme fluctuations. There hasn't been good correlation.
All studies have been monitored by Data Safety Monitoring Boards, so if there were signals we would be
alerted.

Corporate Symposium: Impacting Type 2 Diabetes and Optimizing Patient Outcomes with
GLP-1 Agonists (Sponsored by Novo Nordisk)

GLP-1 RECEPTOR AGONISTS IN PATIENTS WITH MORE ESTABLISHED DIABETES

Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA)

Dr. Lawrence Blonde, co-author of the new AACE guidelines, maintained that minimizing the risk and
magnitude of hypoglycemia and/or weight gain should be a high priority for patients with type 2 diabetes.
He presented data demonstrating that hypoglycemia may be more common and have a more profound
impact on patient outcomes than providers might expect: a patient survey found that at least 60% of type 2
diabetes patients experience at least one episode of non-severe hypoglycemia/month, with 35% experiencing
episodes once-daily to once-weekly (Brod M et al., Value Health 2011); in addition, hypoglycemia is
associated with increasing healthcare costs and reduced long-term survival in type 2 diabetes (Williams SA,
et al., J Diab Complications 2012; Hsu et al., Diabetes Care 2013). Dr. Blonde presented GLP-1 agonists and
DPP-4 inhibitors as effective options for avoiding hypoglycemia and weight gain, highlighting their
prominence in recent algorithms (e.g., ADA/EASD 2012 and AACE 2013). He presented data demonstrating
that adding a GLP-1 agonist to metformin provides better glucose control and greater weight loss than
adding a DPP-4 inhibitor. In addition, he argued that GLP- 1 agonists may "prime" a patient for eventual
progression to insulin (he noted that most patients with type 2 diabetes will end up needing insulin). In
DeVries et al. (Diabetes Care 2012), adding basal insulin detemir when people failed to achieve A1c goals on
metformin plus liraglutide provided a further 0.5% improvement in A1c without causing patients to regain
the weight they had lost by adding liraglutide to metformin. He interpreted this to mean that optimizing
one's own endogenous glucose excretion prior to adding exogenous insulin may have a benefit.

▪ Notably, Dr. Blonde referenced results from a poster he presented earlier today
suggesting that A1c reduction derived from Bydureon was independent of weight lost. He
emphasized that even if patients do not lose weight on GLP-1 agonist therapy, they can still
experience tremendous glycemic benefits.

USING GLP-1 RECEPTOR AGONISTS IN EARLY-STAGE DIABETES AND SPECIAL
CIRCUMSTANCES

Michael Nauck, MD, PhD (Diabeteszentrum Bad Lauterberg, Harz, Germany)

To begin the symposium, Dr. Michael Nauck discussed the use of GLP-1 agonists in the treatment of early-
stage type 2 diabetes. After discussing incretin mimetics' mechanism of action, he began discussing the
efficacy of GLP-1 agonists compared to placebo, metformin, and DPP-4 inhibitors. Compared to (or in
addition to) the three alternatives, GLP-1 agonists led to equal or better glycemic control and weight loss.
He added that some studies even suggest that GLP-1 agonists are slightly more effective than basal insulins
and have better effects on weight. Dr. Nauck noted that the most recent ADA/EASD treatment algorithm
facilitates shared decision-making, allowing healthcare providers narrow down the list of therapy options
depending on patients' preferences and limitations. He used a case study to illustrate that GLP-1 agonists
are optimal for those seeking to avoid weight gain or hypoglycemia. Dr. Nauck confronted concerns over
GLP-1 agonists and thyroid tumors, noting that concerns arose from data from rodent models, which
process GLP-1 differently in the thyroid. He cited a year-long human trial that showed that high doses of
liraglutide did not lead to a significant increase in thyroid tumors. Dr. Nauck also allayed concerns over
incretins and pancreatitis. He ended by proposing that GLP-1 agonists may have potential in individuals
with only impaired glucose tolerance (IGT), citing data that demonstrated that GLP-1 administration
improved insulin response in patients with IGT.

Questions and Answers
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Q: Given the concerns you mentioned, is it still appropriate to use GLP-1 agonists and DPP- 4
inhibitors earlier in the course of diabetes?

A: Those familiar with these studies say that there is no need to change the clinical practice regarding these
drugs, and that they should be used as they have been. Psychologically speaking, the only reason to stop
therapy is if the patient feels uncomfortable about using them. Otherwise, I would not be comfortable
recommending that patients go off these medications.

Dr. Vivian Fonseca: I'd like to remind audience that these agents are not approved for use in
prediabetes.

TREATMENT INTENSIFICATION TO IMPROVE GLYCEMIC CONTROL WHILE MINIMIZING
WEIGHT GAIN AND HYPOGLYCEMIA: USE OF GLP-1 RECEPTOR AGONISTS

Vivian Fonseca, MD (Tulane University Health Sciences Center, New Orleans, LA)

In his presentation, Dr. Vivian Fonseca discussed the treatment of well-established type 2 diabetes patients.
He noted that many such patients are already on basal insulin, and that if more intensive therapy is needed,
providers generally need to choose between initiating the patient on a prandial insulin or adding another
agent. Dr. Fonseca noted that prandial insulins require more careful management, are less convenient, and
come with an increased risk of hypoglycemia. In contrast, he suggested that incretin mimetics can be
effective and safe when added to basal insulins. He argued that basal insulin and GLP-1 agonists have
complementary actions, with the former contributing more to fasting and nocturnal control and the latter
acting more postprandially. He discussed experimental findings showing that combined therapy with a
basal insulin and GLP-1 agonist results in better glycemic control (especially postprandially) and more
weight loss. Notably, some companies are starting to explore head to head comparisons between adding a
GLP-1 agonist or prandial insulin on top of basal insulin (Dr. Fonseca mentioned GSK's albiglutide). He
added that DPP-4 inhibitor/basal insulin combination therapy also resulted in improvements, albeit with
less efficacy and weight loss than the GLP-1/basal insulin combination. Dr. Fonseca concluded that the joint
use of incretin-based therapy and basal insulin is a potent combination, able to significantly and safely
improve glycemic control. Looking to the future, he expressed optimism about co-formulations of GLP-1
agonists and basal insulins. He cited an early study demonstrating that IDegLira (a combination of insulin
degludec and liraglutide) reduced A1c and provided 2 kg more weight loss than the insulin component
alone, and expressed hope that future studies will confirm these promising findings.

PANEL DISCUSSION

Michael Nauck, MD, PhD (Diabetes Zentrum bad Lauterberg, Harz, Germany) Lawrence
Blonde, MD (Ochsner Medical Center, New Orleans, LA), Vivian Fonseca, MD (Tulane
University, New Orleans, LA)

Dr. Fonseca: Monitoring lipase and amylase - do either of you recommend that in clinical practice?

Dr. Nauck: Not at all. We now know a significant proportion of patients with type 2 diabetes have elevated
lipase if you just do a random blood sampling. That does not predict pancreatitis. One must know that the
positive predictive value of an elevated lipase concentration is really restricted to the ER setting when severe
abdominal pain appears. In that situation you can count on a sever lipase concentration to
diagnose. In the asymptomatic patient, it doesn't tell you anything

Q: Is GLP-1 expressed in other tissues in humans?

Dr. Nauck: It certainly is. Mainly the brain and nervous system are equipped with GLP-1 receptors. Some
important metabolic organs apparently are not, such as the liver, muscle, and adipose tissue. There have been
occasional reports of binding sites if you look at radioactively labeled material, but no GLP-1 receptor has ever
been identified in this tissue.

Dr. Fonseca: Larry, there are a lot of outcomes trials going on, all looking at the same
composite endpoint for MACE, etc. Should we be a bit more adventurous in this area? Are
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there novel endpoints we could explore? What else would you like to see, especially now that
SAVOR TIMI reported a neutral outcome?

Dr. Blonde: I'm hopeful these trials will in fact show whether or not there is an increased risk of pancreatitis.
Other safety endpoints including pancreatitis are being adjudicated or collected. As SAVOR is reported, we
may learn about these data. If individual trials are not enough, then we'll pool data. I think we will learn more
about safety in a rapid period of time than we have before.

Dr. Fonseca: The ADA has asked for patient level data for all of these trials to be pooled, or
else individual trials will never show a signal because it is so rare. If there is an increase, what
will the level be? From the data we have now, we can't tell.

Dr. Blonde: I agree completely. In these discussions we lose any discussion of benefits vs. risk. There is a risk
to not treating a patient. The absolute risk in the Singh study was relatively low, whether or not it was done
correctly.

Q: In clinical trials comparing GLP-1 receptor agonists and insulin, what was the mean insulin
dose?

Dr. Fonseca: In most studies I recall around 25-30 units.

Q: Dr. Nauck do you know what predisposes somebody to respond well to treatment? Are
there genetic markers to look at?

Dr. Nauck: There is a publication on a variant of the GLP-1 receptor that at least determines response to an
experimental administration of GLP-1. It could well be that such polymorphisms exist, but there's no test you
can order so it's something for the future. It's not applicable today.

Dr. Blonde: And as I showed before, there's more consistency for A1c reduction than weight loss, though in
that study most people had a reduction in both A1c and weight.

Q: How should you consider these agents for children vs. adults?

Dr. Nauck: Small trials have reported, and it works. But safety considerations are different from treating adult
populations, so you need a large database to judge safety. The interference of growth in adolescents means we
don't have the data right now.

Q: A point of clarification on the thyroid issue - have there been primate studies of C-cell
proliferation?

Dr. Nauck: There is some discussion. Some groups use antibodies or ligands for GLP-1 receptors that have
been found to be not specific by other groups. There may be erroneous data out there claiming the existence of
GLP-1 receptors where there are none. We'll have to see with better methods. Regarding thyroid and
primates, we know Novo Nordisk has published a large study looking at the pancreas. I would be surprised if
they have not looked at the thyroid as well.

Dr. Fonseca: You did mention prediabetes, though it is obviously not an approved use right
now. Is a trial being done? What kind of endpoints would be used in such a trial?

Dr. Nauck: The kind of endpoint is under discussion. Is it just the prevention of diabetes? Is that sufficient to
support clinical use of these agents? The answer is probably no. So you want so need long-term benefit to be
proven. Also the bar is raised pretty high with regards to safety because basically then you would be treating
"healthy" people.

Dr. Fonseca: But of course many of these people are obese, and you have an obesity trial
ongoing.

Dr. Nauck: In the end it's about the prevention of diseases that are associated with high glucose. So diabetic
complications. You would have to do extremely large trials and observe patients from early stages of
prediabetes to stages where you expect diabetes complications to draw conclusions that the event rate would
certainly be much lower.
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Corporate Symposium: GLP-1 in Focus: The Knowledge Challenge (Sponsored by Novo
Nordisk)

Charles Reasner II, MD (University of Texas Health Science Center, San Antonio, TX); Melissa
Magwire, RN, CDE (Shawnee Mission Medical Center, Shawnee, KS)

In this highly interactive corporate symposium, Dr. Charles Reasner and Ms. Melissa Magwire discussed
the use of GLP-1 agonists for the treatment of type 2 diabetes in a game-show format, complete with
Jeopardy music and the occasional audience spotlight. They focused on issues such as the incretin effect,
differences between GLP-1 agonists and DPP-4 inhibitors, and the role of glucagon in the pathophysiology
of type 2 diabetes. In the discussion of Novo Nordisk's Victoza, they discussed clinical trials showing that
Victoza was more effective than sitagliptin at reducing patient A1c levels and improving the proinsulin/
insulin ratio, while also helping patients achieve greater weight loss compared to sitagliptin. They noted
that nausea, Victoza's most common side effect, generally decreases over time. Dr. Reasner attempted to
alleviate certain safety concerns about Victoza therapy, such as the thyroid cancer tumor increase seen in
rodent studies. He acknowledged that other concerns, such as the potential association between GLP-1
agonists and pancreatitis highlighted at the recent NIDDK summit, are still being studied. During the
symposium, the audience of ~400 was divided into four teams that competed with each other - though our
team (Team 4) had the initial lead, Team 1 ultimately won the day's event. Given the changes in pharma
marketing guidelines in recent years, Dr. Reasner congratulated the victors jokingly, "You win absolutely
nothing!"

DIABETES MIXED BAG

Melissa Magwire, RN, CDE (Shawnee Mission Medical Center, Shawnee, KS)

Ms. Melissa Magwire reviewed the incretin effect and the key defects associated with type 2 diabetes. She
explained the incretin effect, noting that the insulin response is enhanced after an oral glucose load versus
intravenous glucose (Nauck et al., Diabetologia 1985). Subsequently, Ms. Magwire highlighted eight core
defects in type 2 diabetes - the infamous "ominous octet" - decreased insulin secretion, decreased incretin
effect, increased glucagon, increased glucose absorption and production, decreased glucose uptake,
neurotransmitter dysfunction, increased lipolysis and inflammation, and increased hepatic glucose
production (DeFronzo et al., Diabetes 2009). In addition, Ms. Magwire emphasized that the brain is
essential in glucose metabolism, as it processes information from neural, hormonal, and nutrient signals,
and modulates glucose output in the liver and glucose uptake in peripheral tissues. Finally, she noted that
excess weight contributes to the development of type 2 diabetes: 1) insulin resistance is related to abnormal
partitioning of fat among adipose, hepatic, muscle, and pancreatic tissues; 2) secretion of excess free fatty
acids and proinflammatory cytokines may damage beta cells; and 3) increased levels of free fatty acids
decrease glucose uptake and tolerance.

WHAT'S THE BUZZ ON GLUCAGON?

Charles Reasner II, MD (University of Texas Health Sciences Center, San Antonio, TX);
Melissa Magwire, RN, CDE (Shawnee Mission Medical Center, Shawnee, KS)

Dr. Charles Reasner and Ms. Melissa Magwire reviewed the role of glucagon in type 2 diabetes and the
impact of GLP-1 on decreasing glucagon secretion. Whereas people with type 2 diabetes have a ~25-50%
deficiency in beta cell mass compared to individuals without diabetes (we'd love to see an end, by the way to
the "healthy individuals" moniker, since so many with diabetes are very healthy), they have the same alpha
cell (glucagon-producing cells) mass as healthy individuals. Thus, people with type 2 diabetes have a
relative surplus of glucagon. Dr. Reasner and Ms. Maguire presented data suggesting that this
hyperglucagonemia in type 2 diabetes is responsible for about 50% of the excess postprandial increase in
glucose levels (with lack of sufficient insulin accounting for the other 50%; Shah et al., J Clin Endocrin
Metab 2000). Thus, they portrayed hyperglucagonemia as a significant underlying defect of type 2
diabetes. Finally, they discussed how GLP-1 addresses hyperglucagonemia by inhibiting glucagon secretion
in a glucose-dependent manner: over a six-hour post-meal GLP-1 infusion, GLP-1 caused insulin to increase
and glucagon to decrease until blood glucose levels reached about 100 mg/dl, at which point the insulin and
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glucagon secretion levels returned to baseline despite continued GLP-1 infusion (Nauck et al., Diabetologia
1993).

GLP-1 AND DPP-4: WHAT'S THE DIFFERENCE?

Melissa Magwire, RN, CDE (Shawnee Mission Medical Center, Shawnee, KS)

Ms. Melissa Magwire discussed the differences between GLP-1 and DPP-4, emphasizing the therapeutic
effects GLP-1 agonism provides beyond DPP-4 inhibition. To start, Ms. Magwire highlighted that GLP-1 is a
hormone that directly stimulates insulin release from the beta cell in a glucose-dependent manner, while
DPP-4 is an enzyme responsible for degrading native GLP-1 in the body. She noted that both GLP- 1 and GIP
are nutrient-stimulated intestinal incretin hormone, with GLP-1 having a much more robust effect on
glucagon suppression than GIP (Vilsbøll et al., JCEM 2003; Nauck et al., JCEM 1993). She then emphasized
that though the insulin response to physiologic levels of native GLP-1 is severely impaired in type 2 diabetes,
pharmacologic levels can elicit a much more robust and improved response. To conclude, Ms. Magwire
commented that though both physiologic GLP-1 levels for people without diabetes, and DPP-4 inhibition can
bring about increased insulin secretion and decreased glucagon secretion, only GLP-1 receptor activation
confers the full pharmacologic effects of delayed gastric emptying, increased satiety, decreased energy
intake, decreased weight, and increased nausea.

INTRODUCTION TO VICTOZA AND SAFETY

Charles Reasner II, MD (University of Texas Health Science Center, San Antonio, TX)

In this section, the presenters focused on Novo Nordisk's GLP-1 agonist Victoza (liraglutide). Dr. Reasner
attempted to allay concerns about potentially increased thyroid tumor risk by noting that the association
was only found in rodent studies. A number of differences between mice and humans exist that led Dr.
Reasner to suggest that thyroid tumor risk may not be a concern for humans: the target for GLP-1 is the
thyroid, not the pancreas, in mice; GLP-1 receptor stimulation causes release of calcitonin, which rodents
need for calcium absorption and without which they will die; humans do not need calcitonin to absorb
calcium, and don't exhibit an increase in calcitonin when administered GLP-1 agonists. Dr. Reasner did
acknowledge that the potential connection between GLP-1 agonists and pancreatitis will likely come up
frequently during the conference. He echoed the sentiment that no causal relationship has been established.
The presenters then discussed the positive results of Victoza clinical trials, namely that Victoza is twice as
effective as sitagliptin (100 mg) in helping type 2 diabetes patients achieve A1c levels under 7% (the ADA
recommendation), and that it leads to weight loss (approximately 6 lbs lost compared to 2 lbs lost on
sitagliptin). Of note, Victoza was able to reduce glucose with a concomitant decrease in the ratio of
proinsulin to insulin. A high proinsulin/insulin ratio is indicative of pancreatic stress and suggests that the
pancreas is producing more proinsulin than it has the capacity to appropriately cleave. Thus, a decrease in
the proinsulin/insulin ratio suggests that Victoza's glycemic effects are not solely attributable to increasing
insulin production. Finally, the presenters also noted that the nausea associated with Victoza use decreases
with time; we would also point out that it is easier for patients to manage, albeit off-label, since there are
many doses one can take outside the recommended three.

GETTING STARTED WITH VICTOZA

Melissa Magwire, RN, CDE (Shawnee Mission Medical Center, Shawnee, KS)

During this portion of the symposium, Ms. Melissa Magwire encouraged audience members to change the
injection conversation with their patients (highlighting Victoza's user-friendly pen), emphasized that there
are generally no dose adjustment requirements for special populations, and stressed that Victoza can be
taken any time of day. Subsequently, she provided a brief overview of the ADA/EASD position statement
and AACE diabetes management algorithm, noting that incretin-based therapies, in particular GLP-1
agonists, are the preferred second-line option following metformin in the AACE algorithm.

▪ Ms. Magwire encouraged audience members to change the injection conversation,
noting that most patients surveyed are open to self-injection when provided an
explanation of the clinical benefits. In an online market research survey of US adults with type
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2 diabetes (n=797), 80% were open to self-injection (data on file at Novo Nordisk, 2011). In a
randomized, multicenter, open-label single visit study, 90% of participants (n=90) considered the
Victoza pen easy to learn how to use (data on file at Novo Nordisk). In addition, Ms. Magwire
emphasized that most experience little or no pain when using a 32-gauge, 6 mm needle for Victoza
injections. She noted that the Victoza pen can be used with NovoTwist needles, which are designed
with user-friendly features: a "Just Twist" injection needle, quick and easy attachment, and an
audible and tactile confirmation click to signal correct attachment.

PANEL DISCUSSION

Charles Reasner II, MD (University of Texas Health Sciences Center, San Antonio, TX);
Melissa Magwire, RN, CDE (Shawnee Mission Medical Center, Shawnee, KS)

Q: Have you observed decreased nausea when taken right before bedtime?

Ms. Magwire: Studies didn't look at timing, but if you think about the mechanism of action, overeating with
delayed gastric emptying may exacerbate nausea, so we tend in our practice to dose at bedtime to minimize
that. You can educate patients, if they dose first thing in morning, to listen to their bodies and not overeat.
That will help with nausea. If you know someone has a tendency to overeat, potentially bedtime is a better
choice.

Q: Are there GLP-1 receptors on alpha cells, or is glucagon suppression an indirect effect?

Dr. Reasner: You can find both schools of thought. Some feel that there are indirect effects, while others think
there are receptors on the alpha cell.

Q: Can you use DPP-4 and GLP-1 together?

Ms. Magwire: If you think about the mechanism of action, it doesn't make a lot of sense. You don't get that
much additional response from adding a DPP-4 inhibitor. If you add on the GLP-1 agonist, there's other
things like appetite suppression, potential decrease in weight, and a satiety effect - you'll get more of that with
a GLP-1 so it doesn't make a lot of sense to use the two in combination.

Q: Can you talk about the latest safety issues with incretins and DPP-4 inhibitors?

Dr. Reasner: My understanding of the safety issues revolves mainly around pancreatitis and pancreatic
cancer. If you look at clinical trials with Victoza, there are more patients that develop pancreatitis with Victoza
than with placebo. However, the number of cases did not exceed what you would have predicted with
historical controls. The increase is small. I think the big concern recently has been over a study done by Dr.
Peter Butler. He is a pathologist who specializes in studying pancreases. He looked at 34 individuals who died
of various causes, and of these, 20 had diabetes. Of the 20 who had diabetes, seven were on sitagliptin, and
one was on Byetta. When he looked at the histology of patients with diabetes on incretin-based therapies, he
found evidence of increased inflammation. It is not clear to me how extensive the inflammation was, and we
don't have any data on the patients while they were alive complaining about pain. I don't know if they had
other causes of pancreatitis. Also, there was evidence of hyperplasia in some of the samples. Some suggest
that it is a good thing, whereas others feel that it may be a precursor to cancer. There is also evidence of ductal
metaplasia. Some think it was a common finding, and some think it could be a precursor of cancer. There was
no cancer detected, but there were suggestions that hyperplasia and metaplasia may be precursors. This has
gotten a lot of interest. The FDA has become interested, and there was an NIDDK symposium last week
(editor's note - see our coverage at http://www.closeconcerns.com/knowledgebase/r/8326d0dd and
http://closeconcerns.com/knowledgebase/r/e90a832d). I'm sure we'll hear more about this in the future.

Q: What about the combination of premixed insulin and Victoza?

Ms. Magwire: Currently the package insert is for combination with basal insulin only. At this point it's not an
indication. We can't comment more than that.

Q: Do sulfonylureas increase glucagon levels?
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Dr. Reasner: Not to my knowledge. If anything it should suppress glucagon. Anything that increases insulin
should decrease glucagon levels.

Q: What is the main defect in type 2 diabetes - a decrease in production of GLP-1, or GLP-1
resistance?

Dr. Reasner: In an early study, it was shown that those with type 2 diabetes had a lower post-meal GLP-1
response than those without diabetes. Initially the thinking was that once you have diabetes, you have a
decrease in GLP-1 secretion, which was likely to track with beta cell function (just like we see a decrease in
insulin secretion). In more recent studies, it has been shown that most people with type 2 diabetes have
normal levels of GLP-1. If you measure production and it's normal, and it's binding to its receptors normally,
but the insulin response is abnormal, then there is a post-receptor defect in the pancreatic beta cell. You don't
get the insulin secretion you would expect. People with type 2 diabetes are resistant to GLP-1 the same way
they are resistant to insulin.

Q: Comparative difference between GLP-1 and DPP-4 inhibitors on glucagon?

Dr. Reasner: I think the best study that was done was by Michael Nauck. Glucagon suppression at physiologic
levels of GLP-1 it was about 38% and at a pharmacologic level it was about 55%. So that's pretty similar to
DPP-4 inhibitors vs. GLP-1 agonists.

Product Theater

CHOOSING A THERAPY FOR THE INDIVIDUAL PATIENT - TAKEDA'S POWERFUL
PORTFOLIO OF TREATMENTS FOR TYPE 2 DIABETES (SPONSORED BY TAKEDA)

Eugenio Cersosimo, MD, PhD (University of Texas Health Science Center, San Antonio, TX)

In this lightly attended product theater, Dr. Eugenio Cersosimo reviewed the efficacy, safety, dosing, and
administration of Nesina (alogliptin), Kazano (alogliptin/metformin), and Oseni (alogliptin/pioglitazone).
He emphasized that alogliptin is effective as monotherapy, in dual and triple therapy, and in fixed-dose
combinations, and that Nesina, Kazano, and Oseni all address multiple defects of type 2 diabetes. In
addition, he highlighted that the Takeda Diabetes Advantage Program offers support programs for
patients; eligible patients who are enrolled in the program pay no more than $4 per month for up to 12
months for Nesina, Kazano, or Oseni.

SGLT-2 Inhibitors

Oral Sessions: On the Horizon - Selective Sodium Glucose Co-Transporter Inhibition

LX2761, AN SGLT-1 INHIBITOR RESTRICTED TO THE INTESTINE, IMPROVES GLYCEMIC
CONTROL IN MICE (240-OR)

David Powell, MD (Lexicon Pharmaceuticals, The Woodlands, TX)

Dr. David Powell presented the results from a series of mouse studies characterizing the effects of the
SGLT-1 inhibitor LX2761. In these mouse studies, Lexicon demonstrated: 1) LX2761 has poor systemic
exposure, and causes little, if any, increase in urinary glucose excretion (as assessed by oral gavage to adult
C57 mice); 2) LX2761 delays intestinal glucose absorption and increases intestinal GLP-1 release; 3) LX2761
acts synergistically with a DPP-4 inhibitor (sitagliptin) to increase postprandial levels of GLP-1; 4) LX2761
decreases postprandial excursions 15 hours after delivery to healthy mice fed ad libitum; and 5) LX2761
improves glycemic control in the KKAy mouse model of type 2 diabetes and in adult male C57 mice with
STZ-induced diabetes. In conclusion, Dr. Powell stated that selective inhibition of SGLT-1 can improve
glycemic control in mice, and as such, further studies are warranted to test whether SGLT-1 inhibition can
improve glycemic control in people with diabetes.

Questions and Answers

Q: How do you speculate this drug would compare to alpha-glucosidase inhibitors?
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A: We're averaging once a day, and don't have to give the drug with meals. I think with those drugs you have
to give them with meals. Those don't block absorption of glucose, but rather, disaccharides. The gut is fairly
good at absorbing glucose fermented to short-chain fatty acids, but complex carb metabolites are produced
with alpha-glucosidase inhibitors, so I wonder whether that is associated with GI side effects.

Q: Do you expect to dose this drug once daily in humans?

A: Based on what we're seeing in mice, once-daily dosing improved glycemic control. That's what we're hoping
for.

Dr. Ralph DeFronzo (University of Texas Health Science Center, San Antonio, TX): This is a
very important study. Although people have shied away from combining SGLT-1 and SGLT-2, I
actually strongly advocated that pharmaceutical companies think about this. As long as you do
not cause GI symptoms, this could be an added benefit. Having said that, you didn't tell us if
the rats had GI side effects.

A: We got interested in this because LX4211 inhibits SGLT-1, yet there were no GI side effects seen relative to
placebo. So, it made us realize there's a therapeutic window. That's why LX2761 was developed. Are there
more side effects when you target the gut? The bottom line is, yes, if you give enough, you will cause loose
stools. It's dependent on the amount. We do see a therapeutic window of maybe ten fold between the dose
that gives a 50% decrease in glucose excursion and the dose that gives you loose stool.

THE IMPACT OF LX4211, A DUAL INHIBITOR OF SODIUM GLUCOSE TRANSPORTERS
SGLT-1 AND SGLT-2, ON BLOOD PRESSURE IN PATIENTS WITH TYPE 2 DIABETES (241-OR)

Pablo Lapuerta, MD (Lexicon Pharmaceuticals, The Woodlands, TX)

In this 12-week dose-ranging study (n=299), patients with inadequately controlled type 2 diabetes taking
metformin were assigned to receive placebo or one of four doses of LX4211 - 75 mg QD, 200 mg QD, 200 mg
BID, or 400 mg QD. Patients in the study were 18-75 years of age, had BMI ≤45 kg/m2, and A1c between
7.0-10.5%; at baseline, patients were on average 56 years old, with A1c of 8.1%, BMI of 33 kg/m2, and blood
pressure of 125/79 mmHg. Both patients with and without hypertension were allowed in the study, and
there were no restrictions on antihypertensive medication use. LX4211 reduced systolic blood pressure
(SBP) in a dose-dependent manner (estimating from the chart presented, the 75 mg QD, 200 mg QD, 200
mg BID, and 400 mg QD doses reduced SBP approximately 0.1, 4.0, 4.5, and 6.0 mmHg, respectively, while
SBP lowered approximately 0.3 mmHg with placebo). For the 400 mg dose, patients with elevated SBP
(≥130 mmHg) experienced an average reduction of 14 mmHg versus placebo (p=0.002), while those with
normal SBP (<130 mmHg) experienced minimal change in SBP - Dr. Pablo Lapuerta noted that these
decreases were consistent with approved antihypertensive therapies. In contrast, there were no dose-
dependent changes in diastolic blood pressure (DBP). For the trial's A1c- lowering efficacy results, please see
our AHA 2012 coverage at http://close.cx/AHA2012Day4.

▪ Dr. Lapuerta noted several strengths and limitations of the study. In terms of strengths,
the study had precise blood pressure data, demonstrated a clear dose response, hadclear separation
between treatment and placebo, used trough measures of blood pressure, and demonstrated
systolic-blood-pressure-lowering efficacy consistent with that of approved antihypertensive agents.
As for limitations, the study had a limited sample size, many patients already had good blood
pressure control at baseline, the study duration was short, there were no blood pressure measures
taken at the peak, and GLP-1 was not measured.

PLASMA GLUCOSE REDUCTION WITH THE SGLT-2 INHIBITOR, DAPAGLIFLOZIN,
IMPROVES INSULIN SENSITIVITY AND INSULIN SECRETION IN T2DM (242-OR)

Muhammad Abdul-Ghani, MD, PhD (University of Texas Health Science Center, San Antonio,
TX)

Dr. Muhammad Abdul-Ghani presented results from a study examining the effects lowering plasma glucose
concentrations with dapagliflozin has on insulin sensitivity and insulin secretion in patients with type 2
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diabetes. In the study, patients (n=18; baseline BMI 31.1 kg/m2, baseline A1c 8.2%) were randomized to
dapagliflozin or placebo in a 2:1 fashion. Five days and three days prior to randomization (Days -5 and -3),
respectively, subjects received a 75-gram OGTT and an insulin clamp 3H-glucose infusion. Following
randomization (Day 0), subjects were admitted to the clinical research center (on Day 1) for measurement
of basal hepatic glucose production with 3H-glucose on Days 1-3. Subjects were administered dapagliflozin
from Day 2 through Day 15 of the study, and were given a repeat OGTT on Day 14 and insulin clamp 3H-
glucose infusion on Day 15. In the study, lowering the plasma glucose concentration with dapagliflozin
improved insulin-stimulated tissue glucose uptake (insulin sensitivity) and glucose-stimulated insulin
secretion. However, the glucosuria produced by the inhibition of SGLT-2 stimulated a compensatory
increase in (hepatic) glucose production, which attenuated the clinical efficacy of dapagliflozin.

Questions and Answers

Q: What do you suppose the signal for glucagon secretion in your study was?

A: We don't know. We're searching for that now.

Q: Did you do any follow-up studies where you gave a DPP-4 inhibitor?

A: We don't have results yet, but that's the obvious thing to look into.

Q: Are there other drug candidates you may consider combining with SGLT-2 to knock down
hepatic glucose production?

A: DPP-4 inhibitors are the obvious option, but I am a little bit skeptical about their efficacy. GLP-1 agonists
may be more efficacious, but I am still skeptical. Maybe glucagon antagonists, but I'm not sure if they'd be
good for clinical use.

Q: What about metformin?

A: Subjects were already receiving metformin. Also, metformin doesn't affect glucagon. This study exposes the
interaction between the liver and kidney, and their crosstalk in glucose homeostasis. I personally think they
are related through the central nervous system. When we are giving dapagliflozin, we are forcing the kidney to
excrete glucose, and producing a difference in glucose between the renal artery and the renal vein. It could
possibly be that the brain is detecting the difference, and acting directly on the liver to compensate. For
example, someone with normal glucose tolerance would be at the immediate risk of hypoglycemia. The brain
has to react in order to prevent hypoglycemia. This compensatory response is problematic in people with type
2 diabetes, as they are already hyperglycemic.

LX4211, A DUAL SGLT-1/SGLT-2 INHIBITOR, DECREASES BODY WEIGHT AND
TRIGLYCERIDES IN PATIENTS WITH TYPE 2 DIABETES MELLITUS AND ELEVATED
BASELINE VALUES (243-OR)

Brian Zambrowicz, PhD (Lexicon Pharmaceuticals, The Woodlands, TX)

In this 12-week dose-ranging study (n=299), patients with inadequately controlled type 2 diabetes taking
metformin were assigned to receive placebo or one of four doses of LX4211 - 75 mg QD, 200 mg QD, 200 mg
BID, or 400 mg QD. Patients in the study were 18-75 years of age, had BMI ≤45 kg/m2, and A1c between
7.0-10.5%; at baseline, patients were on average 56 years old, with A1c of 8.1%, BMI of 33 kg/m2, and blood
pressure of 125/79 mmHg. In the subgroup of patients with BMI ≥30 kg/m2 at baseline, patients in the 75
mg QD, 200 mg QD, 200 mg QID, and 400 mg QD LX4211 lost an average 0.9 kg (2.0 lb), 1.8 kg (4.1 lbs),
2.9 kg (6.4 lbs), and 2.0 kg (4.3 lbs), while patients on placebo lost an average 0.4 kg (1.0 lb) (the 200 mg
QD, 200 mg BID, and 400 mg QD were statistically significant versus placebo [p<0.001]). In the subgroup
of patients with elevated triglycerides (200-500 mg/dl) at baseline, LX4211 treatment resulted in significant
reductions from baseline in the 75 mg QD, 200 mg QD, and 400 mg QD arms (67.6 mg/dl, 49.0 mg/dl, and
81.8 mg/dl, respectively; p<0.05). Side effects appeared balanced with placebo; there were no major
increases in GI side effects such as diarrhea, nausea, vomiting, and constipation beyond placebo. For the
trial's A1c-lowering efficacy results, please see our AHA coverage at http://close.cx/AHA2012Day4.

Questions and Answers
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Q: In your study, there were relatively fewer mycotic infections with your dual SGLT- 1/SGLT-2
inhibitor than with SGLT-2 alone. Can you explain the reason behind that?

A: One of the things I did mention was that LX4211 had relatively low urinary glucose excretion. I think there
is a mechanistic reason for that. The amount of glucose you're going to spill is dependent on how well you
inhibit SGLT-2, but you also have to look at how much blood glucose can be filtered. SGLT-1 addresses mainly
postprandial glucose. If you lower postprandial glucose all meals of the day, there is less glucose to filter in the
blood. The maximum glucose excretion we've seen in trials is 45 grams in a day with LX4211, whereas [other
SGLT-2 inhibitors had maximum glucose excretion of 60-70 grams] over 24 hours.

Q: Can you elaborate on what happened to LDL? Triglycerides went down, but what happened
to LDL, and how does it compare to SGLT-2 inhibitors?

A: There was no significant increase from baseline; however, I would say there's probably a trend there. The
increase is quite small. It may become significant in larger studies. I would say that the effect is clearly
SGLT-2 dependent. Though we don't understand why, we think it may be related to the level of urinary
glucose excretion as well.

Q: Did you look at leptin levels in the study?

A: Not in this study. But, we are planning to look at that. There's a cascade, because short-chain fatty acids are
absorbed fermentation of glucose in the colon, and when they reach the bloodstream they can trigger the
release of leptin.

COMBINED HBAA1C AND WEIGHT REDUCTION IS ACHIEVED MORE FREQUENTLY WITH
ADD-ON DAPAGLIFLOZIN THAN ADD-ON GLIPIZIDE IN PATIENTS WITH TYPE 2
DIABETES INADEQUATELY CONTROLLED ON METFORMIN (236-OR)

Katja Rohwedder, MD (AstraZeneca, Cambridge, UK)

Dr. Katja Rohwedder discussed a post-hoc analysis of a 52-week non-inferiority trial comparing
dapagliflozin (2.5-10 mg/day) to glipizide (5-20 mg/day) as adjuncts to metformin (≥1,500 mg/day) in
~800 type 2 patients (at baseline, mean age of 58-59 years, diabetes duration of 6-7 years, weight of 88 kg
[194 lbs], and A1c of 7.7%). At 52 weeks, 78% of participants remained in the study and drop-out rates were
comparable between the two treatment groups. The two drugs provided the same A1c reduction (0.52%);
furthermore, a similar percentage of participants in each arm experienced an improvement in A1c (75%
with dapagliflozin vs. 74% with glipizide). Not surprisingly, more patients on dapagliflozin exhibited weight
loss (83%) than those on glipizide (27%). An A1c reduction coupled with weight loss was observed in 67% of
the dapagliflozin group vs. 21% of the glipizide group (difference of 46 percentage points; 95% CI: 39-52);
furthermore, 31% of those on dapagliflozin achieved an A1c reduction ≥0.5% with a weight loss ≥3 kg (7 lbs),
compared to only 4% of those on glipizide (difference of 27 percentage points; 95% CI: 22-32). While
response to drug therapy did not differ by baseline weight, disease duration, or gender, the patients who
achieved A1c reductions ≥0.5% had higher A1c levels at baseline (this is consistent with previous studies).
Regarding safety data, dapagliflozin was associated with less hypoglycemia compared to glipizide;
however, both urinary tract infections and genital infections were more commonly observed with
dapagliflozin, though Dr. Rohwedder commented that these events rarely led to study discontinuation.

Efficacy Data

Drug A1c
Reduction

Weight
Reduction

Both A1c &
Weight

Reduction

A1c Reduction >0.5% &
Weight Reduction >3 kg

(7 lbs)

Dapagliflozin 74.7% 83.4% 66.9% 30.8%

Glipizide 73.8% 26.8% 21.3% 3.8%
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Safety Data

Drug No
Hypoglycemia

Genital
Infections

Urinary Tract
Infections

Dapagliflozin 96.4% 10.8% 8.6%

Glipizide 59.6% 1.7% 5.4%

Questions and Answers

All questions were asked by the session moderator, Dr. Ralph DeFronzo.

Q: Is it time to get rid of SFUs and go to drugs that really work without causing safety issues?

A: I hope so.

Q: Did you look at glucose excretion in the urine and was it related to weight loss in either
group?

A: No, we haven't looked at that specific analysis.

Q: Did you measure insulin levels, since insulin is related to weight gain and hypoglycemia?

A: We have the information on fasting insulin levels and we have done OGTTs in a subgroup of patients, but
we haven't looked at the specific correlation. It's a good idea.

Q: What was the definition of hypoglycemia and severe hypoglycemia?

A: Major hypoglycemia episodes were defined as less than 3 mmol/l (54 mg/dl) or if the investigator saw
symptoms. It was only reported in the glipizide arm, in three patients. In general, every blood glucose
measurement below 3.5 mmol (63 mg/dl) was considered hypoglycemia. Investigators could also report cases
of hypoglycemia if they saw symptoms.

Comment: I would say this is a pretty clear-cut distinction between oral agents in terms of
weight gain, an important side effect that we're all concerned with in diabetes.

CANAGLIFLOZIN (CANA) COMPARED WITH SITAGLIPTIN (SITA) IN SUBJECTSWITH TYPE
2 DIABETES MELLITUS (T2DM) ON METFORMIN (MET) OVER 52 WEEKS (238-OR)

Fernando Lavalle González, MD (Universidad Autonoma de Nuevo Leon, Nuevo Leon, Mexico)

Dr. Fernando Lavalle González presented data showing that canagliflozin provided greater reductions in
A1c and in weight compared to sitagliptin. The 52-week study randomized 1,294 type 2 patients to
canagliflozin 300 mg, canagliflozin 100 mg, sitagliptin 100 mg, or placebo (2:2:2:1 ratio). After 26 weeks,
those assigned to placebo were switched to sitagliptin 100 mg (PBO/sita group). The modified intent-to-
treat analysis showed that at 52 weeks, canagliflozin 300 mg provided a larger A1c reduction (-0.88%) than
canagliflozin 100 mg and sitagliptin (-0.73% for both). Greater improvements in fasting plasma glucose
were also observed with canagliflozin 300 mg (-35 mg/dl) and 100 mg (-26 mg/dl) compared to sitagliptin
(-18 mg/dl; p<0.001 for both comparisons). As expected, the weight loss observed with canagliflozin 300
mg (4.2%; 3.7 kg [8.1 lbs]) and 100 mg (3.8%; 3.3 kg [7.3 lbs]) was significantly more than that observed
with sitagliptin (1.3%; 1.2 kg [2.6 lbs]; p<0.001 for both comparisons). Canagliflozin was associated with
reductions in blood pressure, as well as elevations in LDL and HDL cholesterol. On the safety front,
canagliflozin was associated with a higher rate of genetic mycotic infections compared to sitagliptin and
PBO/sita, as well as a higher rate of osmotic diuresis, though Dr. González noted that these events led to few
study discontinuations. Interestingly, the incidence of documented hypoglycemia was higher with both
doses of canagliflozin (6.8%) compared to sitagliptin (4.1%) and PBO/sita (2.7%).
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▪ Canagliflozin was associated with reductions in blood pressure, as well as elevations
in HDL and LDL cholesterol (data in table below). Dr. González mentioned during Q&A that the
rise in HDL-C was unexpected.

Δ Systolic Blood
Pressure

Comparison to
SITA

Diastolic Blood
Pressure

Comparison to
SITA

CANA 300

mg

-4.7 mmHg -4.0 mmHg

p<0.001

-0.3 mmHg ------

CANA 100

mg

-3.5 mmHg -2.9 mmHg

p<0.001

-1.8 mmHg ------

SITA 100 mg -0.7 mmHg ------ -1.8 mmHg ------

▪ While the rates of adverse events (AE) were comparable between the groups,
canagliflozin was associated with higher rates of genital infections and hypoglycemia:

PBO/SITA SITA 100 mg CANA 100 mg CANA 300 mg

Any adverse event 66.7% 64.5% 72.3% 62.7%

Serious adverse event 3.8% 4.9% 4.1% 3.3%

Urinary tract infection 6.6% 6.3% 7.9% 4.9%

Genital infection (M) 1.1% 1.2% 5.2% 2.4%

Genital infection (F) 1.1% 2.6% 11.3% 9.9%

Osmotic diuresis-related

adverse events

0.5% 1.9% 8.2% 4.4%

Hypoglycemia 2.7% 4.1% 6.8% 6.8%

Severe hypoglycemia 0% 0.3% 0.3% 0%

Questions and Answers

Q: Can you comment on the drop in blood pressure? It looks to me like the drop in blood
pressure comes fairly quickly and the drop in weight comes later. Maybe the weight plays
some role in sustaining the drop in blood pressure. Can you comment on the early blood
pressure drop?

A: In other studies on blood pressure, half of the drop in blood pressure can be related to losing weight. The
other half is a direct effect of ACE inhibition and other mechanisms of the drug.

Comment: In the first three to four days, you get a negative salt and water balance. And this
may be playing an important role in the initial drop in blood pressure.

Q: It was a nice surprise for me to see the increase in HDL cholesterol. Do you have any idea
why this elevation occurred?

A: It's an observation seen during the study. There are some comments about this in people who use diuretics.
There are some comments from nephrologists saying that this kind of HDL and LDL pattern is seen in people
using diuretics. This is an observation and you can see that there is not a relation to the mechanism of action
of the drugs.
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Q: Have you found an explanation for why the higher canagliflozin dose had less of an effect
than the lower dose?

A: No, not really.

Q: Are there any particular side effects of canagliflozin that you found to be part distributing?

A: No, you usually see genital mycotic infections, which are treated rapidly and resolve in patients. We didn't
see any safety concern

Comment: It's very commonly stated that this class is associated with an increase in urinary
tract infections. If you look at the data rather than what's said, this opinion doesn't hold up.
And you saw this today. At the lower dose, there was a little rise in UTIs, but it was not
statistically significant. At the higher dose, there was no increase. I bet that if you combine the
two doses, you wont' see a statistically significant increase.

Q: I was surprised by the LDL cholesterol levels with the sitagliptin group.

A: This was unexpected but you can see that it's a small rise, just 6%. This is what we obtained in the study.

Comment: Across studies with canagliflozin, the rise in LDL with canagliflozin 100 mg is 4 mg/
dl. It's 8 mg/dl with canagliflozin 300 mg. If you're truly treating you patient to goal and their
LDL level is 70 mg/dl, the worst case scenario is that you're going from 70 to 78 mg/dl and
most HCPs wouldn't even increase the dose of statin.

A: Yes, the increase is very small. It's no more than four to six mg/dl.

Posters

EXPLORING THE POTENTIAL OF DAPAGLIFLOZIN IN TYPE 1 DIABETES: PHASE 2A PILOT
STUDY (70-LB)

Robert Henry, Julio Rosenstock, Alexandros-Georgios Chalamandaris, Sreeneeranj
Kasichayanula, Allyson Bogle, and Seven Griffen

This double-blind phase 2a study evaluated the short-term safety, tolerability, and pharmacokinetics and
pharmacodynamics (PK/PD) of dapagliflozin (BMS/AZ's Forxiga) after two-weeks as an add-on to insulin
in 70 patients with type 1 diabetes. These are the first clinical results we have seen for an SGLT-2 inhibitor
in type 1 diabetes. Patients on insulin (mean baseline A1c 8.5%) were randomized to receive dapagliflozin (1
mg, 2.5 mg, 5 mg, or 10 mg) or placebo once-daily for two weeks. Treatment resulted in a reduction in total
daily insulin requirement (-19% on the 5 mg and -16% on the 10 mg doses) while also producing a trend
toward reduced glucose levels and reduced glycemic variability (both measured by CGM): mean 24-hour
glucose decreased by ~10-20 mg/dl relative to placebo on dapagliflozin 5 mg and 10 mg (no decrease was
observed relative to placebo for the lower doses), and placebo-adjusted MAGE decreased by ~50-60 mg/dl
on those same doses. Hypoglycemia appeared slightly elevated in the treatment groups compared to
placebo, though there was no dose-dependent effect (i.e., the highest rate was observed in the 1 mg group; in
contrast, there was a clear dose-dependent urinary glucose excretion effect). As elated conference attendees
with type 1 diabetes expressed during the poster session, these findings (though preliminary) are exciting
because of the possibility of increasing treatment options for a population challenged by a deficiency of
therapies. However, the findings of this study, while encouraging, are very limited due to sample size and
would be considered pilot data for larger and longer trials testing dapagliflozin (which Dr. Henry was
confident will be underway in the near future).

▪ Seventy patients (62 completed trial) with inadequately controlled type 1 diabetes
were randomized to receive daily doses for 14 days of placebo or dapagliflozin (1, 2.5,
5, or 10 mg) in addition to their insulin regimen. Baseline characteristics across all
treatment arms were comparable and included a mean A1c of 8.5%, BMI of 25 kg/m2, and age of 35.
The mean duration of type 1 diabetes ranged from 16-22 years across all groups. The primary
objective was to assess the safety and tolerability of dapagliflozin after 14 days. Secondary objectives
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included change from baseline to day seven in 7-point monitoring profiles and pharmacokinetics.
Exploratory objectives consisted of change from baseline at seven days in 24- hour CGM profiles,
total daily insulin dosing (%), fasting plasma glucose (FPG), and 24-hour urine glucose output.

▪ Dapagliflozin appeared to improve glycemic control and diminish glycemic variability
while also decreasing total daily insulin requirement. FPG levels were significantly lowered
in the treatment arms compared to placebo (-26, -20, -42, -36 vs. -8 mg/dl for the 1, 2.5, 5, and 10
mg doses vs. placebo, respectively). CGM data suggested a dose-dependent improvement in
glycemic control through a decrease in 24-hour average glucose levels relative to baseline (-16, -14,
-30, and -41 mg/dl for the 1, 2.5, 5, and 10 mg doses of dapagliflozin, respectively, compared to -20
mg/dl in placebo). There was also a significant reduction in total daily insulin needs (-16, -11, -19,
and -16 units for the 1, 2.5, 5, and 10 mg doses, respectively, compared to +2 units in placebo).

▪ Despite a dose-dependent increase in urine glucose from baseline to day seven (41.9,
48.5, 72.4 and 88.8 g/24 h for the 1, 2.5, 5 and 10 mg doses, respectively and- 21.6 g/24
h on placebo), there was no dose-dependent effect on hypoglycemia. The percentage of
patients that experienced hypoglycemia was 62% for the placebo group and 92%, 60%, 79% and 67%
for the dapagliflozin 1, 2.5, 5 and 10 mg groups, respectively. There were no apparent effects of
dapagliflozin on urine output, total fluid output, or fluid intake.

▪ Genitourinary events, such as genital and urinary tract infections, were rare. One such
event was recorded in the placebo arm, one each in the dapagliflozin 1 mg, 2.5 mg, and 5 mg arms,
and zero in the 10 mg arm. Dr. Henry mentioned that, in his opinion, the rate of hypoglycemia was
the greatest potential safety concern in the use of dapagliflozin.

▪ Treatment with dapagliflozin appears to have a neutral to slightly positive effect on
body weight, though the short duration of the study may be the cause of this meager outcome.

THE SODIUM GLUCOSE CO-TRANSPORTER-2 (SGLT2) INHIBITOR EMPAGLIFLOZIN
IMPROVES GLYCEMIC CONTROL IN PATIENTS WITH TYPE 1 DIABETES: A SINGLE-ARM
CLINICAL TRIAL (1074-P)

Bruce Perkins, David Cherney, Helen Partridge, Nima Soleymanlou, Holly Tschirhart,
Bernard Zinman, Nora Fagan, Sefan Kaspers, Hans-Juergen Woerle, Uli Broedi, and Odd
Johansen

One the earliest clinical trials investigating use of a SGLT-2 inhibitor in type 1 diabetes, this single-arm
open-label pilot study explored the effects of empagliflozin on glycemic control and rates of hypoglycemia in
42 patients with type 1 diabetes receiving optimized standard care. Results of the eight- week treatment
period were compared to a baseline two-week placebo run-in period that preceded empagliflozin initiation.
Treatment with 25 mg/day of empagliflozin resulted in a decline in total daily insulin requirement (from
54.7 ± 20.4 units/day to 45.8 ± 18.8), as well as a reduction in glucose levels (mean A1c decreased by 0.4%
from a baseline A1c of 8.0%). Empagliflozin also lowered rates of symptomatic hypoglycemia from 0.12 to
0.04 episodes a day. Overall, empagliflozin as an adjunct to intensive insulin therapy was associated with
short-term improvements in glucose levels as well as reductions in daily insulin need, body weight,
hypoglycemia, perceived hyperglycemia, and perceived hypoglycemia. These preliminary findings are
exciting because of the potential to improve and diversify therapy options for patients with type 1 diabetes.
We look forward to hearing the results of randomized clinical trials that further attest to the safety and
efficacy of this treatment.

▪ Forty-two subjects (forty completed trial) with type 1 diabetes, on an intensive basal-
bolus insulin regime, and without any clinically notable complications in the past year
were treated with empagliflozin 25 mg once daily. The efficacy, safety, and tolerability of
eight weeks of this therapy were compared to a baseline two-week placebo run-in period. At
baseline, the participants had a mean age of 24.3 ± 5.1 years, BMI of 24.5 ± 3.2 kg/m2, A1c of 8.0 ±
0.9%, and fasting plasma glucose (FPG) of 180.0 ± 86.4 mg/dl.
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▪ Empagliflozin substantially improved short-term glycemic control and reduced daily
insulin needs. Mean A1c decreased by 0.4% from baseline to 7.6 ± 0.9% (p<0.0001). FGP
decreased numerically as well, though the change was not statistically significant. With regards to
insulin administration, total daily insulin requirements dropped from 54.7 ± 20.4 units during the
placebo run-in period to 45.8 ± 18.8 after the eight-week treatment period (p<0.0001). Further
analysis showed that while bolus insulin needs did not change with empagliflozin therapy, daily
basal insulin doses decreased from 25.7 ± 10.6 units at baseline to 19.5 ± 7.9 units after eight weeks
of empagliflozin treatment (p<0.0001).

▪ As an add-on to insulin therapy, empagliflozin was associated with a decline in rates
of hypoglycemia. Incidences of symptomatic hypoglycemia (defined as <54 mg/dl) were reduced
from 0.12 to 0.04 events per day (p=0.0047). The participants also completed a diabetes treatment
satisfaction questionnaire that found a reduction in perceived hyperglycemia and hypoglycemia
(p<0.05 for both).

▪ Empagliflozin treatment appeared to cause a reduction in body weight. At the end of
eight weeks, participants experienced a weight loss of 2.7 kg (6.0 lbs) to 70.0 ± 12.3 kg (154 lbs;
p<0.0001). In addition, waist circumference decreased by 3.8 cm to 79.1 ± 8.0 cm (p<0.0001).

▪ Regarding non-hypoglycemia adverse events, the following were reported by at least
5% of the study cohort: polyuria (79%), thirst (74%), nasopharyngitis (26%), headache (24%),
dry mouth (17%), nausea (17%), genitourinary tract infection (14%), dizziness (14%), vomiting
(14%), abdominal pain (12%), influenza-like illness (10%), and back pain (10%). The mean urinary
glucose excretion increased significantly with empagliflozin from 19 ± 19 g/day at baseline to 124 ±
61 g/day at treatment completion. Two participants discontinued the study after early occurrence of
diabetic ketoacidosis.

EMPAGLIFLOZIN IMPROVES GLYCEMIC PARAMETERS AND CARDIOVASCULAR RISK
FACTORS IN PATIENTS WITH TYPE 2 DIABETES (T2DM): POOLED DATA FROM FOUR
PIVOTAL PHASE III TRIALS (69-LB)

Thomas Hach, John Gerich, Afshin Salsali, Gabriel Kim, Stefan Hantel, Hans-Juergen Woerle,
and Uli Broedi

This study pooled data from four randomized phase 3 trials to investigate the effects of the SGLT-2 inhibitor
empagliflozin on glycemic parameters, body weight, blood pressure (BP), lipid parameters, uric acid, and
hypoglycemia in patients with type 2 diabetes. In the 24-weeks studies, a total of 2,477 participants were
randomized to placebo or to empagliflozin once daily (10 or 25 mg) as monotherapy, add-on to metformin,
add-on to metformin plus sulfonylurea, or add-on to pioglitazone ± metformin. Both empagliflozin doses
resulted in improved glycemic control (mean A1c declined by 0.70% and 0.76% with empagliflozin 10 and 25
mg, respectively, compared to a 0.08% decline with placebo), and also significantly reduced body weight,
systolic and diastolic BP, and uric acid levels. The drug had an overall small effect on lipids, with modest
increases in LDL- and HDL-cholesterol and slight decreases in triglycerides. More patients in the
empagliflozin treatment arms reported confirmed hypoglycemia relative to those in the placebo group, and
these episodes appeared to have disproportionally occurred in patients on background metformin and
sulfonylurea. These early results are promising on the whole, though more robust data on the effect of
empagliflozin on cardiovascular events in patients with type 2 diabetes will hopefully emerge from the
drug's ongoing cardiovascular outcomes trial, EMPA-REG Outcome.

▪ A total of 2,477 type 2 patients were randomized to receive empagliflozin (10 or 25 mg/
day) or placebo for 24 weeks as either: 1) monotherapy, 2) add-on to metformin, 3) add-on to
metformin and sulfonylurea, or 4) add-on to pioglitazone ± metformin. Baseline characteristics were
similar across treatment arms and included a mean age of 55.6 years, A1c of 7.99%, and BMI of 28.7
kg/m2. Primary endpoints consisted of changes in cardiovascular biomarkers (systolic and diastolic
blood pressure [BP], lipid parameters, uric acid, body weight) and glycemic parameters (change in
A1c and in fasting plasma glucose [FPG] from baseline).
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▪ Empagliflozin treatment resulted in clinically meaningful improvements in glycemic
control, with both the 10 and 25 mg doses providing significant reductions in A1c and FPG relative
to placebo at week 24 (see table). Furthermore, the percentage of patients with a baseline A1c over
7.0% who lowered their A1c levels to less than 7.0% by the end of the trial was significantly greater
in the empagliflozin groups than the placebo groups (31.5 and 37.2% for the 10 and 25 mg doses,
respectively, vs. 10.5% for placebo).

Placebo Empagliflozin 10 mg Empagliflozin 25 mg

A1c (%)
Baseline (SE)

Δ from baseline at week 24 (SE)

Difference vs. placebo (95% CI)

8.02 (0.03)

-0.08 (0.03)

--

7.98 (0.03)

-0.70 (0.03)

-0.62 (-0.69, -0.55)*

7.96 (0.03)

-0.76 (0.03)

-0.68 (-0.75, -0.61)*

FPG (mg/dl)
Baseline (SE)

Δ from baseline at week 24 (SE)

Difference vs. placebo (95% CI)

153.7 (1.3)

7.4 (1.0)

--

152.6 (1.2)

-20.5 (1.0)

-27.9 (-30.7, -25.1)*

152.6 (1.2)

-23.2 (1.0)

-30.6 (-33.4, -27.8)*

*p<0.001 vs. placebo.

▪ Regarding cardiovascular biomarkers, empagliflozin treatment provided significant
reductions in body weight, systolic and diastolic blood pressure, and uric acid, with
slight trends toward increased HDL- and LDL-cholesterol and decreased triglyceride
levels (only significant for 10 mg dose) vs. placebo. The small increase in total cholesterol
was significant with the 25 mg dose of empagliflozin but not the 10 mg dose, suggesting that the
drug has a small effect on lipids. In addition, the magnitude of decline in systolic and diastolic BP
was much larger in subjects with uncontrolled BP at baseline (systolic ≥ 130 mmHg or diastolic ≥ 80
mmHg). The percentage of patients who achieved controlled BP (from uncontrolled at baseline) at
week 24 was 33% and 32% for the 10 and 25 mg doses of empagliflozin, respectively, compared to
19% for placebo.

Placebo Empagliflozin 10 mg Empagliflozin 25
mg

Body weight (kg) [lbs]
Baseline (SE)

Δ from baseline at week 24

(SE)

Difference vs. placebo (95%

CI)

-78.03 (0.66)

[172]

-0.24 (0.09)

[-0.5]

--

78.77 (0.65) [174]

-2.05 (0.09) [-4.5]

-1.81 (-2.05, -1.57)*

[-4.0]

79.10 (0.66) [174]

-2.25 (0.09) [5.0]

-2.01 (-2.25, -1.76)*

[4.4]

Systolic BP (mmHg)
Baseline SE

Δ from baseline at week 24

(SE)

Difference vs. placebo (95%

CI)

128.6 (0.5)

-0.5 (0.4)

--

129.6 (0.5)

-3.9 (0.4)

-3.4 (-4.4, -2.3)*

129.0 (0.5)

-4.3 (0.4)

-3.8 (-4.9, -2.8)*

Diastolic BP (mmHg)
Baseline (SE)

78.0 (0.3)

-0.6 (0.2)

--

78.7 (0.3)

-1.8 (0.2)

-1.2 (-1.9, -0.5)*

78.3 (0.3)

-2.0 (0.2)

-1.5 (-2.0, -0.8)*
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Δ from baseline at week 24

(SE)

Difference vs. placebo (95%

CI)

Total cholesterol (mmol/
l)
Baseline (SE)

Δ from baseline at week 24

(SE)

4.70 (0.4)

0.04 (0.02)

4.67 (0.04)

0.11 (0.02)

4.70 (0.04)*

0.16 (0.02)*

Triglycerides (mmol/l)
Baseline (SE)

Δ from baseline at week 24

(SE)

1.86 (0.04)

0.03 (0.02)

1.95 (0.05)

-0.11 (0.04)+

1.96 (0.07)

-0.02 (0.04)

Uric acid (μmol/l)
Baseline (SE)

Δ from baseline at week 24

(SE)

321.44 (2.98)

1.03 (1.83)

321.81 (2.89)

-28.95 (1.82)*

322.35 (2.96)

-29.55 (1.83)*

*p<0.001, p<0.05, all vs. placebo+

Confirmed hypoglycemia was reported in 5.2% and 4.0% of patients receiving 10 and 25 mg doses of
empagliflozin, respectively, vs. 2.9% of patients in the placebo group. None of the episodes of hypoglycemia
required assistance. Most of the events were observed in patients on background metformin plus sulfonylurea
(8.4%, 16.1%, and 11.5% on placebo, empagliflozin 10 mg, and empagliflozin 25 mg, respectively - it was a little
"random" that there was more hypoglycemia in the middle vs. high dose - we assume the hypoglycemia was
due solely to the SFU and not empagliflozin as the SGLT classes are glycemic-depedent).

Product Theaters

A NEW TREATMENT OPTION FOR TYPE 2 DIABETES (SPONSORED BY JANSSEN
PHARMACEUTICALS)

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Dr. Vivian Fonseca addressed a standing-room only audience to present pooled data on J&J's Invokana
(canagliflozin)..He first reviewed the role of the kidneys in glucose homeostasis, highlighting Invokana's
mechanism of action as an SGLT-2 inhibitor: the drug lowers the renal threshold for glucose excretion
(RTG) in type 2 patients, causing increased urinary glucose excretion. Dr. Fonseca next presented pooled
data on the drug as mono-, dual-, and triple-therapy, as well as in an elderly patients. All studies had a
primary endpoint of A1c reduction, though Dr. Fonseca noted that in these studies, canagliflozin also
reduced plasma glucose levels (both fasting and post-prandial), body weight, and systolic blood pressure,
with low rates of hypoglycemia. Dr. Fonseca explained the safety concerns associated with canagliflozin,
addressing rates of renal and urinary disorders, as well as increases in LDL-C; on this front, he asserted,
"this drug is not going to be used in patients with renal impairment. It's not going to work, so why use it?"

▪ Dr. Fonseca reviewed pooled data on the efficacy of canagliflozin, noting that the drug
provided significant A1c reductions compared to placebo as both monotherapy and
add-on therapy. In a study comparing canagliflozin monotherapy to placebo, canagliflozin 300
mg provided a 1.16% reduction in A1c over 26 weeks (A1c inclusion criteria: ≥7% to ≤10%; n=587).
Regarding secondary endpoints, canagliflozin 300 mg was associated with a decrease in fasting
plasma glucose of 43 mg/dl and a decrease in post-prandial glucose of 64 (baseline FPG: <270 mg/
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dl), in addition to a body weight reduction of 3.3% (placebo-adjusted) from a baseline of 192 lbs. Dr.
Fonseca also mentioned a drop in systolic blood pressure, noting that the mechanism of this effect
needs to be studied further. As add-on therapy, canagliflozin demonstrated greater A1c reductions
across placebo-controlled studies where patients had a baseline of roughly 8%. Dr. Fonseca noted
that improvements in A1c and weight loss also occurred in patients poorly- controlled on insulin and
other oral agents (a group he acknowledged is difficult to manage), as well as in patients on
pioglitazone (who are likely to gain weight). Dr. Fonseca emphasized that the incidence of
hypoglycemia was generally low, though it increased when canagliflozin was evaluated in
combination with insulin or an insulin secretagogue.

▪ Dr. Fonseca addressed the adverse events associated with canagliflozin, highlighting
the increased rates of hyperkalemia, genital infections, and LDL-C levels. Hyperkalemia
adverse reactions occurred in 0.7% of the broad study population receiving canagliflozin 300 mg
(n=3,085) compared to 0.5% in the control group (n=3,282) - Dr. Fonseca attributed this
observation to the fact that many of these patients are also on drugs that cause hyperkalemia. Dr.
Fonseca explained that the prevalence of urinary tract infections was similar between the placebo
and canagliflozin 300 mg groups (4.0% and 4.3%) in four placebo-controlled 26-week population
studies, but that genital infections were more commonly seen with canagliflozin compared to
placebo (11.4% vs. 3.2%, respectively). Dr. Fonseca stipulated that genital infections rarely reoccur
and can be resolved with routine treatment. Turning to the observed elevated LDL-C levels, he
admitted that the mechanism behind this effect is not known.

▪ Dr. Fonseca noted that canagliflozin is not recommended for patients with moderate
renal impairment and mentioned that studies are ongoing to fully evaluate the drug's
effect on renal function. He explained that the canagliflozin's mechanism of action relies on a
normal glomerular filtration rate for maximal efficacy. Dr. Fonseca acknowledged the concerns
about renal impairment, and noted that compared to patients with mild renal impairment or normal
renal function, patients with moderate renal impairment (eGFR 30 to <50 ml/min/1.73 m2)
experienced less glycemic efficacy, as well as a higher rates of adverse reactions related to reduced
intravascular volume and decreased eGFR. , However, studies are ongoing and data has not been
established in patients with severe renal impairment (eGFR <30 ml/min/1.73 m2) or end-stage
renal disease. Dr. Fonseca concluded by emphasizing that renal function must be monitored in
patients on canagliflozin.

Questions and Answers

Q: By using canagliflozin are you not altering the normal physiology?

A: Yes, to a great extent that is true, but remember that the renal threshold is actually higher in patients with
type 2 diabetes. This is based on a small study, and recently, Dr. Ralph DeFronzo has done a study on renal
threshold in Diabetes Care. It is an abnormality that represents a maladaptive process that you're reversing to
some degree. We've tried drugs that improve insulin sensitivity and they work, but not enough to overcome
the problem of diabetes. I'm not saying that canagliflozin is going to do that, but it offers an adjunct to those
therapies and it is doing it with a completely insulin-independent mechanism.

Q: If you ingest more glucose, do you excrete more glucose?

A: The filtering of glucose is dependent on blood glucose levels. When you have more glucose in the blood,
you have more excretion. So in fact, this is why it is even better in the post-prandial state than in the fasting
state.

Q: What causes the increase in renal glucose threshold in diabetes?

A: I wish I knew. This is a maladaptive process. Any transport system tries to adapt when you overwork it. I
don't think it's a fundamental defect of diabetes.

Q: In which patients would you use Invokana?

A: It's been tested across the board. You choose your patients based on their characteristics and their needs.
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Q: How long should I keep my patients on the 100 mg dose before moving to the 300 mg dose?

A: There's actually very little data. There is a dose-response relationship. This not a drug that you titrate
because of side effect issues; you titrated up to get the patient to goal. If your patient still has a higher fasting
glucose level, you might want to go to the higher dose.

Q: How does sitagliptin compare to canagliflozin 100 mg?

A: That data is not available. The study was done with 300 mg. That is the max dose of both, so it's a fair
comparison.

Q: Can canagliflozin be used with all types of inulin?

A: Yes, it can.

Q: Why is there a weight loss plateau?

A: There are adaptive mechanisms to any weight loss therapy. Thank God, otherwise we would disappear. We
really don't know. This is not the primary reason why you're using the drug. You're using it for A1c reduction;
everything else is a secondary endpoint.

Q: What side effects are most common?

A: Genital infections. When I first looked at the mechanism of action, I was concerned about urinary tract
infections. But these are mycotic infections, so patients take an antifungal and they get over it. We need to
explain this to our patients and get them back into the office for appropriate therapy. You may get a few
patients where the infection reoccurs. This is not the medication for them.

Q: Of the patients who experience UTIs, how many are recurrent?

A: Recurrent infections were very low. If I saw patients with recurrent infections, I put them on a different
medication

Q: Can it be used with other weight loss therapies such as Belviq (Arena/Eisai's lorcaserin)?

A: It hasn't been done; however, I'm sure the combination studies will be done in clinical practice, and it will
be studied further.

Q: How can we prevent genital mycotic infections?

A: This has not been looked at, but we need to. They might need to drink more fluids or practice more hygiene
as a precaution. I hope they will address this over time.

Q: Does it increase nocturia (the need to urinate at night)?

A: I showed you some reported increases in urination, so you might get some patients where this happens
overnight.

Q: Can it be used in patients who are taking diuretics?

A: Dehydration occurs most in patients with diuretics. These patients are on hypertensives and need to be
monitored for dehydration.

Q: What was the rate of dropout from the studies?

A: I showed you, and it was remarkably low.

Q: Does blocking the SGLT work in other systems like the GI tract?

A: This is an important point to clarify. SGLT-1 is prominent in the gut, while SGLT-2 is prominent in the
kidney. SGLT-1 is also present in the kidney, but more distally. A long time ago, a drug called phlorizin was
evaluated for type 2 diabetes and was shown to improve insulin sensitivity in rats. We wanted to try it in
humans but there were a lot of GI side effects, because when you block SGLT-1 in the gut, you end up with a
lot of glucose in the large bowel. This is why SGLT-2 inhibitors have been developed. It is very specific, and it
doesn't block the SGLT-1 co-transporter.
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Q: Why do you get the side effect of increased LDL-C?

A: I can't explain that. This clearly needs more investigation. You need to watch for it, and treat it
appropriately.

Q: What do we know about the drug's effects on the kidney in the short term and the long
term?

A: There is a small drop of about 2 or 3 in eGFR when you first start treatment, which flattens out and stays
down for the duration of the drug treatment. Long term, we don't know. This will be monitored in the CVOT
(CANVAS). I don't think the drug is going to be used in patients with renal impairment; it's not going to work,
so why use it?

Q: Any fear of malignancy?

A: Dapagliflozin did have an excess of bladder and breast cancer that was small and unexplained, and that
held up approval of dapagliflozin. It was not shown in canagliflozin, which is why it was improved.

Q: Any difficulty in subjects with solitary kidney?

A: This floored me. People with solitary kidney have the same renal function as someone with two kidneys.

EXPOSING SODIUM GLUCOSE CO-TRANSPORTERS: A HIDDEN CONTRIBUTOR TO
PERSISTENT HYPERGLYCEMIA IN TYPE 2 DIABETES (SPONSORED BY BI AND LILLY)

James Gavin, MD, PhD (Emory University, Atlanta, GA)

Dr. James Gavin attracted a standing-room only crowd for his presentation on the role of glucose co-
transporters in the kidney in glycemic homeostasis and the implications for type 2 diabetes. Projecting over
the noise of the exhibit hall, Dr. Gavin reviewed the physiological mechanisms behind plasma glucose level
regulation, highlighting the kidney as a major player in this process, where normally, 162 g of glucose is
filtered and reabsorbed per day until a threshold level is reached (180 mg/dl), when excess glucose is
removed by glycosuria. Dr. Gavin emphasized the danger in persistent hyperglycemia, which he stated
could cause impaired beta-cell function and decreased insulin sensitivity. He explained that in patients with
type 2 diabetes, renal glucose reabsorption increases due to overexpression of SGLT-2, causing the
threshold for glucose excretion to increase. Dr. Gavin provided data on the increase in glucose excretion in
animal models of type 2 diabetes after treatment with the SGLT inhibitor phlorizin, and an overview of
SGLT-2 mutations in patients who experience decreased renal glucose absorption and increased glycosuria
without adverse effects. Dr. Gavin concluded by expressing excitement over "a new set of therapeutic
possibilities."

Questions and Answers

Q: When you experience glycosuria, this comes with a loss of calories. If you calculate this, it
comes out to a calorie loss of 100,000 calories a year. This is 11-12 kilograms a year, but when
we look at new products, we only see a loss of two to three kilograms. Can you comment on
that?

A: I can't tell you what the physiologic answer is. There likely is some form of adaption that occurs. One of the
reasons why we don't expect that kind of weight loss is when we go back to the experience of familial renal
glycosuria patients. They don't become wasted away, and they don't lose enormous amounts of weight as a
result of glycosuria, so clearly there is some adaption that occurs. Having said that, it is still a benefit to this
approach to therapy that calorie loss does result in another one of the benefits that we like to see in the vast
majority of patients with type 2 diabetes.

Corporate Symposium: Scientific Horizons in Diabetes Management - The Emerging Role of
the Kidney as a Target for Therapy (Supported by Janssen)

SGLT-2 INHIBITION: RATIONALE, CONSIDERATIONS, AND IMPLICATIONS FOR THERAPY

George Bakris, MD (University of Chicago, Chicago, IL)
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Dr. George Bakris reviewed the physiology behind the role of the kidney in the regulation of blood glucose,
and its implications in patients with diabetes. The kidney contributes to gluconeogenesis, and also is
involved in glucose reabsorption through sodium glucose co-transporters 1 and 2 (SGLT-1 and SGLT-2),
which account for 10% and 90% of tubular reabsorption, respectively. He outlined the major differences
between the two co-transporters, noting that SGLT-1 is mostly found in the intestine with some expression
in the kidney, and has a high affinity (Km=0.4 mM) for glucose and a low capacity for its transport,
whereas SGLT-2 is found almost exclusively in the kidney, and has a low affinity (Km=2 mM) for glucose,
but a high capacity for transport. Because of its location, inhibiting SGLT-1 may cause significant GI side
effects. Dr. Bakris discussed the rationale behind SGLT-2 inhibition to combat hyperglycemia in patients
with diabetes, noting that it helps to lower the renal threshold for glucose excretion, effectively allowing for
patients to urinate excess glucose. In addition, Dr. Bakris highlighted that SGLT-2 inhibition can reduce
fasting plasma glucose and improve hyperglycemia even in the absence of substantial amounts of insulin
(Rosetti et al., J. Clin Invest 1987).

CURRENT APPROACHES TO GLYCEMIC TREATMENTS IN STAGE 3-4 CKD

Mark Molitch, MD (Northwestern University, Chicago, IL)

After defining the stages of chronic kidney disease (CKD), Dr. Mark Molitch systematically reviewed current
recommendations for oral agent use in patients with type 2 diabetes and CKD. In addition, he highlighted
that both insulin sensitivity and insulin clearance are decreased in patients with progressive declines in
glomerular filtration rate (GFR), so special considerations should also be taken for insulin users. In a
prospective trial of insulin-using patients with type 2 diabetes with eGFR <45 ml/min/1.73 m2 (n=107),
halving the insulin dose numerically reduced the incidence of hypoglycemia while maintaining glycemic
control within the 100-180 mg/dl range a comparable proportion of the time (Baldwin et al., Diabetes Care
2012).

▪ Sulfonylureas: Dr. Molitch noted that glyburide clearance is not affected, but renal clearance of its
metabolites is reduced with CKD. As such, the risk of hypoglycemia is very high for those with CKD;
glyburide should not be used in patients with estimated GFR (eGFR) <60 ml/min/1.73 m2.
Similarly, glimepiride clearance is not affected, but renal clearance of its metabolites is reduced with
CKD. The risk of hypoglycemia is increased (though not nearly as high as with glyburide), so
glimepiride should be used with caution in patients with eGFR <60 ml/min/1.73 m2 and avoided in
patients with eGFR <30 ml/min/1.73 m2. Finally, glipizide should be used with caution in patients
with eGFR <30 ml/min/1.73 m2, even though less than 10% of glipizide is renally cleared.

▪ Metformin: Dr. Molitch commented that the current FDA package insert recommendation against
use of metformin for individuals with serum creatinine levels above 1.4 mg/dl (female) or 1.5 mg/dl
(male) seems too conservative. Moving forward, he thinks it would make sense: 1) to have no
limitations on dosing for individuals with eGFR ≥60 ml/min/1.73 m2; 2) to proceed with caution
dosing patients with eGFR ≥45 and <60 ml/min/1.73 m2, and monitor eGFR every three- to-six
months; 3) to cap dosing at 1,000 mg/day for patients with eGFR ≥30 and <45 ml/min/1.73 m2,
and monitor eGFR every three-to-four months; and 4) to stop metformin for patients with eGFR
<30 ml/min/1.73 m2. Meanwhile, metformin should be stopped for inpatients if they are unstable,
hypotensive, hypoxic, septic, or have acute worsening of renal function (Lipska et al., Diabetes Care
2011; KDIGO Controversies, in preparation).

▪ Thiazolidinediones: Clearance of pioglitazone is not affected by kidney function; no dose
reduction is needed in CKD.

▪ Incretins: It is recommended for patients with eGFR <30 ml/min/1.73 m2 to discontinue
exenatide therapy. Meanwhile, no dose adjustments for liraglutide are necessary for progressing
CKD. As for DPP-4 inhibitors, dose adjustments are recommended for sitagliptin, saxagliptin, and
alogliptin for patients with eGFR <50 ml/min/1.73 m2, but no dose adjustments are required for
linagliptin as it is not renally cleared.
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▪ SGLT-2 inhibitors: SGLT-2 inhibitors are less effective with eGFR <60 ml/min/1.73 m2, and
those with eGFR <45 ml/min/1.73 m2 could potentially experience more adverse effects (e.g.,
volume loss, hyperkalemia). For eGFR <60 ml/min/1.73 m2, canagliflozin should be kept at the 100
mg/day dose, and the higher 300 mg/day dose should be avoided. Canagliflozin is not currently
approved for use with eGFR <45 ml/min/1.73 m2.

NEW DIRECTIONS AND REVOLUTIONARY APPROACHES: THE POTENTIAL ROLE OF
SGLT-2 INHIBITORS IN THERAPY

Zachary Bloomgarden, MD (Mount Sinai Medical Center, New York, NY)

Following a high-level review of the ADA/EASD position statement and the AACE glycemic control
algorithm, Dr. Zachary Bloomgarden discussed the benefits and potential safety concerns of drugs in the
SGLT-2 inhibitor class. He emphasized that SGLT-2 inhibitors could be a useful addition to the treatment
armamentarium, as they bring about improvements in glycemic control with low risk of hypoglycemia,
cause modest weight loss, and have a unique mechanism that does not promote increased endogenous
insulin secretion. Overall, Dr. Bloomgarden provided a thoughtful and balanced review of the SGLT-2
inhibitor class, along with helpful advice for clinicians to select appropriate patients who would be less
likely to experience adverse effects when taking an SGLT-2 inhibitor.

▪ Dr. Bloomgarden highlighted a number of benefits of SGLT-2 inhibitors, including
weight loss, low hypoglycemia risk, and blood pressure lowering. In addition, he posited
that SGLT-2 inhibitors could be a good complementary therapy to TZDs, given the incremental
reductions in A1c and fasting plasma glucose dapagliflozin provided when added to pioglitazone in a
48-week trial, and the attenuation of weight gain conferred (Rosenstock et al., Diabetes Care 2012).
Regarding canagliflozin, he stated that reductions in both A1c and weight appeared to be dose
dependent when added to metformin (Rosenstock et al., Diabetes Care 2012). After briefly touching
on empagliflozin (as the agent with the highest selectivity for SGLT-2 versus SGLT-1) and
ipragliflozin (which brings about similar weight loss across doses), Dr. Bloomgarden discussed
Lexicon's dual SGLT-1/SGLT-2 inhibitor LX4211, noting that a recent phase 2 study documented
increases in GLP-1 and PYY following its administration (Zambrowicz et al., Clin Pharmacol Ther
2012). He speculated that it could be possible for SGLT-2 inhibitors to have some action on SGLT-1
receptors in the GI tract, noting that canagliflozin was shown to decrease gut glucose absorption
(Polidori et al., Diabetes Care 2013); however, GLP-1 and PYY were not measured in the study.

▪ He discussed potential safety concerns of SGLT-2 inhibitors, including genitourinary
tract infections, carcinogenicity, volume depletion, and hyperlipidemia. Dr.
Bloomgarden noted that vulvovaginal candidiasis occurred more frequently with canagliflozin
treatment versus comparator (Nyirjesy et al., Curr Med Res Opin 2012), and there appeared to be an
increased frequency of urinary tract infections (Nicolle et al., Curr Med Res Opin 2012), although
the data are less clear. He noted that questions remain regarding dapagliflozin's potential cancer
signal, that is, whether the results were a statistical fluke, a class effect, or specific to dapagliflozin;
unfortunately, RCTs are simply impractical to assess these very low frequency events. Subsequently,
he stated that there is thus far no evidence of carcinogenicity of canagliflozin treatment in humans.
Dr. Bloomgarden pointed out that canagliflozin treatment can cause volume depletion, and as such,
clinicians should be cautious when prescribing the drug to the elderly, patients on diuretics, renally
impaired individuals, and those with low blood pressure. He stated that it does appear that LDL
cholesterol increases 5-10 mg/dl with canagliflozin treatment; he does not know how much this may
occur with other SGLT- 2 inhibitors. Finally, given the significant increase in CV events observed
during the first 30 days of the CANVAS CV outcomes trial with canagliflozin treatment, Dr.
Bloomgarden suggested clinicians to be cautious when initiating high-risk patients on canagliflozin.
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PANEL DISCUSSION

Zachary Bloomgarden, MD (Mount Sinai Medical Center, New York, NY); George Bakris, MD
(University of Chicago, Chicago, IL); Mark Molitch, MD (Northwestern University, Chicago,
IL)

Q: If familial renal glucosuria is so rare, how do we know these people don't carry another
mutation, that there aren't compensations for the deficit in glucose reabsorption? Is this a
valid argument for the increase in glucose reabsorption?

Dr. Bakris: The fact is that these are very rare cases. I'm unaware of a full genetic analysis, I think it's simply
an observation that these patients have an absence of glucose reabsorption indicated by higher urinary
glucose excretion. We don't know if there is some compensatory effect. That's why I hate genetic animal
models, because there are compensatory mechanisms. I think we're just going to have to accept it the way it is.

Q: What role do you see for SGLT-2 inhibitors in the treatment of type 1 diabetes?

Dr. Bloomgarden: The interesting thing is that the prevalence of insulin resistance is roughly 25% in the
overall population, and roughly 25% among people with type 1 diabetes. This whole concept of dual diabetes is
really important. There is a very significant subset of individuals with type 1 diabetes who have features of
both type 1 and type 2 diabetes and are often the most difficult to treat for whom metformin may be useful,
and maybe SGLT-2 inhibition might also be beneficial. I wouldn't jump on using SGLT-2 inhibitors as a
treatment across the board, but there may be an important subset for which it does matter.

Dr. Molitch: In studies in patients with type 2 diabetes, the use of SGLT-2 inhibitors with insulin was
effective, so there's no reason to think they wouldn't be effective in type 1 diabetes, but we don't have any
studies with that data.

Q: What do you think will be the clinical effect of the increased genital infections? Will
endocrinologists have to do pelvic exams? And are there studies with GLP-1 and PYY
measured during the trials?

Dr. Bloomgarden: I haven't come across any studies as far as this question of fungal infections. I think that we
have some pretty effective standard treatments for symptomatic genital fungal infection, and I don't think
there's anything that has to be done other than letting women know in advance that this is a potential side
effect, and offering one or another appropriate treatments when women develop symptoms. We need more
studies.

Dr. Molitch: I've started the medication in several patients. You have to talk to the patients, and if it's a
woman you ask, "Have you had multiple vaginal infections in the last several years?" If they only had one 20
years ago instead of multiple in the past few years, then that's the patient to start it on. The data from some of
these studies suggest that if you do develop one infection and you treat it, it rarely recurs. In patients that
have reoccurrence, you stop. Uncircumcised men tend to get infections more often, so extra hygiene might be
necessary to avoid the risk.

Q: What were the issues that caused the FDA initially not to approve the SGLT-2 inhibitor
dapagliflozin?

Dr. Bakris: They came on the heels of all the this cancer and CV stuff with the glitazones, so there was a
tremendous amount of pressure on the FDA from Congress not to put anything out there that was not
pristine. Unfortunately, because they were in a hurry, and this is based on oncologists' testimony, they
probably let people into the trials who already had bladder cancer, and the whole issue with hematuria gave
pause. So, at the end of the day, they really didn't know, and even though they had experts in oncology testify
that it was highly unlikely [patients developed cancer from dapagliflozin treatment] because they are slowly
growing cancers, the FDA decided to be conservative and ask for longer follow-up. In Europe, they had
[longer-term] data on file, and decided that patients probably already had bladder cancer [going into the
trial], that this was just dumb luck. I think all of this stuff in the press hyped by colleagues of ours is great for
news, but doesn't help patients at all. It doesn't really resolve anything. My comment on rosiglitazone is that it
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is now impossible to make an honest judgment on the data. Most patients discontinued the drug, so any
chance to exonerate it is gone, because it was already accused.

Q: Do you have any ideas about what might mediate the increase in LDL that has been
reported?

Dr. Molitch: Not really. The mild LDL elevation seems to be a class effect, and there's also an increase in HDL,
although it's a more modest increase. If you look at the ratio, it's not increased, but this doesn't give us the
answer all the time. The mechanism is not known. How clinically significant is it? I think only time will tell.

Q: Based on phase 3 data, it appears that canagliflozin is slightly more effective in A1c and
body weight reductions than dapagliflozin and empagliflozin. Can you comment on this?

Dr. Bloomgarden: Without head-to-head trials, you simply can't compare them. In [their respective] trials,
there were differences in baseline A1c, differences in body weight, differences in the conduct of the trials, and
so on. One can simply say that the class appears to have a remarkably similar set of characteristics with the
published data. If we look in our abstract book, we'll probably see 100 SGLT-2 posters and orals that we can
all go visit over the next couple of days.

Q: Why might there be an interaction of canagliflozin with ACE inhibitors and angiotensin
receptor blockers?

Dr. Bloomgarden: There's likely not going to be an interaction, but it may be that in individuals susceptible to
hypotension, those receiving ACE inhibitors could have a greater propensity to dehydration, renal
insufficiency and so on. We know sometimes that is seen with these agents.

Dr. Bakris: There's no drug interaction. Let's be clear on that. The issue is that of people that are taking these,
there's additional volume loss. You're going to great a great reduction in GFR and blood pressure. That's all
that you're seeing here. When they stopped the drug, it came right back up to where it was, which is what
you'd see with an ACE or ARBs. If you're seeing a reduction in GFR or an increase in creatinine, you shouldn't
blink until gets above 30%. A little increase in serum creatinine is not going to hurt anyone, nor has it shown
to be adverse. There are two additional papers encouraging nephrologists to not change ACEs or ARBs if GFR
goes up. This is a volume effect. That's why, when I give it to patients, I cut the dose of the diuretic in half,
because I'm anticipating some volume issues. There's no published data but it does make sense.

Dr. Bloomgarden: It would be interesting to look at SGLT-2 inhibitors as diuretics and their role in potentially
tying the lowering effects of antihypertensive drugs, etc. They might be potent in people with diabetes.

Q: Why is SGLT-2 upregulated in diabetes?

Dr. Bloomgarden: One could say this is teleologically an appropriate adaptive response to avoid glucose loss.
The fact that a mechanism is available biologically to increase the expression of glucose transporters in people
with diabetes is fascinating. I don't know that I have more of an explanation, but I think it is a very interesting
observation.

Q: Is any caution necessary to prescribe SGLT-2 inhibitors for sexually active patients?

Dr. Bloomgarden: No more so than the very appropriate idea of asking patients before we initiate these drugs
whether they have had recurrent infections or recent symptoms of vaginitis.

Q: A patient in her 90s on canagliflozin 100 mg lost weight after a month and her edema
resolved, but her fasting glucose remained in the 200s. After increasing canagliflozin to the
300 mg dose, what will happen? She worries about hypoglycemia with sulfonylureas, and
refused to take insulin.

Dr. Bloomgarden: The answer is nothing. This is not a panacea. If her blood sugar is in the 200s, she needs
insulin (or possibly a GLP-1 receptor agonist). The reality is that this [canagliflozin] is probably going to be
the wrong agent.

Dr. Molitch: Just to come back to the fact that she is in her 90s - older patients seem to be the ones at risk for
volume depletion symptoms, so I probably wouldn't go up to 300 mg with her because the higher dose is
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associated with more symptoms. I would advise against use in older individuals. Going back to the infection
issue, when you look at upper urinary tract infections (like pyelonephritis) and bladder infections, there is a
slight increase or no increase. The major concern is mycotic infections. Clearly they increase, but perhaps they
are avoidable if patients are selected appropriately.

Dr. Bloomgarden: With the proviso that we might not have enough experience in at-risk patients yet. Another
point on what you had mentioned - the degree of volume depletion is probably going to be proportional to the
degree of elevation of blood sugar and the degree of diuresis, so it may be particularly worrisome for those
who the drug is just not likely to be potent enough. We've all had patients with blood sugar in the 200s, and
there are appropriate treatments. Basically, these are people who need insulin to stabilize their blood sugar,
and occasionally, they can subsequently withdraw insulin.

Q: Where will SGLT-2 inhibitors enter the treatment algorithm?

Dr. Molitch: I think it would be after metformin, and really in that second layer. It's pretty much dealer's
choice after metformin, depending on what you want to accomplish with your patients. The efficacy profile is
good.

Dr. Bakris: The patients that come to see me are already on a DPP-4 inhibitor and metformin, but if I see that
their A1c values are in the eights, I see this as a beautiful add-on choice at that point, but I would probably use
it as a second-line also. In my experience, people over 70 tend to not drink a lot of fluid, men especially, and if
you use this agent in people who are 80 to 90 years old, you could run into volume issues.

Dr. Bloomgarden: The potential for these agents to be used in combo with TZDs is very intriguing. The fluid
retention effect to TZDs could be combated with the diuretic action of these agents. In that one study I talked
about, it really appeared that the progressive weight gain seen with the TZD was attenuated by the weight loss
of SGLT-2. I think we've moved away from TZDs a little too much, and low-dose pioglitazone ought to be part
of our own treatment plan, in those not at risk of heart failure or fractures. Maybe this a combination that will
allow us to use metformin and pioglitazone in triple therapy in an appropriate fashion.

Corporate Symposium: Targeting the Kidney: A New Paradigm in T2DM Management - An
Evidence-Based Expert Exchange (Sponsored by Boehringer Ingelheim and Eli Lilly)

CURRENT THERAPEUTIC OPTIONS IN T2DM: PROS AND CONS

Anne Peters, MD (University of Southern California Keck School of Medicine, Los Angeles,
CA)

Speaking to a standing-room-only crowd in the Hilton Grand Ballroom, Dr. Anne Peters described the
ADA/EASD position statement, which she co-authored (our report on the publication is available at

http://close.cx/ADAEASDPositionStatement). In opening, she emphasized that the document is a
position statement rather than a guideline or an algorithm. Dr. Peters explained that the co-authors of the
document were especially concerned with the increased mortality observed in ACCORD, a finding that
further underscored the need to avoid severe hypoglycemia. She then outlined the ADA/EASD's patient-
centered approach, which encompasses several points including individualizing treatment targets,
promoting shared decision making, and recognizing the pros and cons of each drug class. After walking the
audience through the position statement's main figure, she highlighted the need for drugs that avoid both
weight gain and hypoglycemia. Dr. Peter concluded with a high-level overview of the phase 3 programs for
dapagliflozin (BMS/AZ's Forxiga), canagliflozin (J&J's Invokana), and empagliflozin (Lilly), noting that the
drugs generally promote reductions in A1c, body weight, and blood pressure.

WHAT DO SGLT-2 INHIBITORS HAVE TO OFFER?

George Bakris, MD (University of Chicago Medicine, Chicago, IL)

In starting his presentation, Dr. George Bakris asserted, "If you want a drug that really relieves
glucotoxicity, this is the class." He focused the first portion of his talk on kidney impairment, beginning with
a chart that stratifies the risk of chronic kidney disease by GFR and albuminuria (KDIGO 2012). After
describing the general role of the kidneys in regulating glucose levels, Dr. Bakris provided background
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information on the SGLT proteins, highlighting that SGLT-2 is a low-affinity, high-capacity glucose
transporter located in the proximal tubule of the nephron that is responsible for 90% of glucose
reabsorption. He explained that people with type 2 diabetes have a greater expression of SGLT-2 and can
thus reabsorb a greater amount of glucose back into the bloodstream before excreting it in the urine.
SGLT-2 inhibitors lower the renal threshold for glucose excretion, thus limiting the body's ability to
reabsorb glucose and promoting the release of sugar into the urine.

▪ Sodium glucose transporters (SGLT) are active transporters that use the sodium
gradient produced by the NA+/K+ ATPase pumps at the membranes on the luminal
side of the cell. Located in the first two sections of the proximal tubule, SGLT-2 has a low affinity
but high capacity for glucose and is responsible for 90% of the tubular reabsorption of glucose.
While mostly expressed in the intestines, SGLT-1 is also present in the ending portion of the
proximal tubule and is responsible for the remaining 10% of glucose absorption. Unlike SGLT-2,
SGLT-1 is a high-affinity, low-capacity glucose transporter.

▪ Dr. Bakris outlined the rationale for SGLT-2 inhibition. Animal studies of phlorizin ("the
prototype SGLT inhibitor") showed that SGLT inhibition can normalize plasma glucose levels.
Mutations in the SGLT-2 transporter linked to hereditary renal glycosuria have been found to be
benign, showing potential for manipulating the protein. These observations suggested that selective
SGLT-2 inhibitors could increase urinary glucose excretion and promote weight loss.

GOALS OF TREATMENT IN T2DM: CURRENT PERSPECTIVES

Paul Jellinger, MD (University of Miami, Coral Gables, FL)

Dr. Paul Jellinger gave a thorough review of the recently published AACE algorithm. Citing evidence from
several studies, he voiced support for the AACE-recommended A1c goals - i.e., ≤6.5% for healthy patients
with type 2 diabetes and >6.5% for patients with concurrent illnesses who are at risk for hypoglycemia.
Referencing UKPDS, Dr. Jellinger noted that microvascular and diabetes-related endpoints, diabetes-
related deaths, all-cause morality, and fatal and nonfatal myocardial infarctions all parallel a rise in A1c.
In a meta-analysis of five randomized controlled trials, patients receiving intensive treatment were able to
achieve an A1c of 6.6% compared to an A1c of 7.5% for those receiving standard treatment (Ray KK et al.,
Lancet 2009). Additionally, the intensive treatment led to a significant decrease in coronary events without
an increased risk of death. Dr. Jellinger emphasized that the AACE glycemic control algorithm ranks
incretin therapies and SGLT-2 inhibitors higher than TZDs and SFUs, since the former therapies have a
more robust effect on post-prandial glucose PPG levels (as well as a more mild effect on fasting plasma
glucose level). The DECODE study showed that lower PPG levels is important for decreasing the risk of
cardiovascular events and mortality. Dr. Jellinger recommended that for patients such as the one presented
in the case study below, a combination therapy including a GLP-1 agonist and an SLGT-2 inhibitor would be
most effective. Finally, Dr. Jellinger concluded by arguing that treating obesity should be part of treating
pre-diabetes and type 2 diabetes, referencing AACE's obesity algorithm and CVD risk factor algorithm. For
further details on the AACE comprehensive treatment algorithm, please see page 59 of our AACE report at

http://close.cx/AACE2013 and our April 24, 2013 Closer Look at https://closeconcerns.box.com/s/
583l1evkei83x56mbg1b.

CASE PRESENTATION: LUIS - LATINO POSTAL WORKER

Om Ganda, MD (Joslin Diabetes Center, Boston, MA)

Dr. Om Ganda began the symposium with a case study of a 47-year-old Latino postal worker with
undiagnosed diabetes, a prototypical scenario seen by many of the endocrinologists and diabetologists in
the audience in their clinical practices. The fictional patient had a history of diabetes and cardiovascular
disease, was a smoker and obese, and had high blood pressure, high cholesterol, normal renal function, and
an A1c of 8.2%. When the audience was polled, 48% recommended that the patient make lifestyle changes,
receive diabetes education, and take a combination of antihyperglyemic therapies. Dr. Paul Jellinger
commented that beyond smoking cessation, the single most significant thing a person could do to reverse
cardiovascular risk at this point would be to control glucose levels and begin a statin. The audience then
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learned that the patient was referred for education, provided a blood glucose monitor, and was prescribed
TLC and a statin, which caused him to lose weight and experience reductions in A1c and LDL cholesterol.
After this information, 49% of the audience recommended continuing lifestyle intervention and adding a
combination diabetes therapy. The case study patient was given metformin, but could not tolerate it. Dr.
Ganda concluded by asking the audience what they would recommend at this point, and the majority voted
to replace metformin with a DPP-4 inhibitor.

PANEL DISCUSSION

Moderator: Om Ganda, MD (Joslin Diabetes Center, Boston, MA)

Panelists: Anne Peters, MD (University of Southern California Keck School of Medicine, Los
Angeles, CA) ; George Bakris, MD (University of Chicago Medicine, Chicago, IL); and Paul
Jellinger, MD (University of Miami, Coral Gables, FL)

Q: Dr. Peters, can you comment on the age threshold for setting an A1c target

Dr. Peters: The problem with not having a set age or set "anything" for getting to your A1c target is because it
has to be done on a case-by-case basis. In a companion piece of the position statement, we were going to
present cases to give you a better sense of how we would adjust the A1c. But we either ran out of time or
money so that companion piece didn't come. What I do for patients is that I write a chart for A1c and it's
mainly based on the risk for hypoglycemia. I don't want to take a patient I've been treating for 20 years and
say "you're 80 years old, who cares what your sugar is." So I think that you have to look at your patient
specifically, and hypoglycemia is really the main risk to mitigate.

Q: Would an SGLT-2 inhibitor have any effect on renal function?

Dr. Bakris: The SGLT-2 inhibitors will affect renal function in the following way. They are diuretics. If you
have a patient already on a diuretic and you don't adjust the dose of the diuretic, you could potentially worsen
the volume depletion and it will look like they lose kidney function. So you need to be aware that if the patient
is on a diuretic or an ACE inhibitor or ARB, you have to back off the diuretic first and maybe also the other
drugs because they will have an effect.

Q: What is the recommendation for using SGLT-2 inhibitors for someone with an eGFR less
than 30?

Dr. Bakris: These won't work because when it goes below 45, you're filtering less glucose, and the amount of
glucose reduction you get is going to be limited. In that range, you have to be very careful with diuretic doses.

Q: Where do the fixed-dose combination therapies (FDCs) fit in the position statement?

Dr. Peters: Just like every patient has different and individual needs, a FDC is something that different HCPs
use differently. I had the experience were my patients were put on a glyburide/metformin FDC and we too
often saw that patients would stop the drug due to side effects and then, they've stopped two drugs. So we
took it off the formulary so that the patients would take two drugs singularly. In my own practice, I'll use a
FDC if I get a patient to his target on single drugs, because then I can find the right doses, and then I use the
FDC, if it works. However, in my practice I often get patients that want me to fine-tune things. In primary
care, there may be a greater need for simplicity, and so a FDC in the beginning could also be OK.

Q: Do you have any insight as to why the LDL-C goes up?

Dr. Jellinger: There is a small rise in LDL; it isn't terribly significant and I'm not sure if it persists if the
patient is on aggressive statin therapy. I don't know why that happens. This class of drugs may not be suitable
for someone whose LDL goal is difficult to achieve.

Dr. Bakris: When you look at the data for people with kidney disease, LDL does not go up and interestingly, in
patients that do have normal kidney function, there is a correlation between LDL going up and HDL going up.
Why should that be a mechanism? I'm not saying it is; it is an observation. I don't understand it either.

Q: Does the use of SGLT-2 inhibitors affect the microalbuminuria test?
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Dr. Bakris: Directly, it depends. If you're measuring the albumin concentration, you bet there will be an affect.
If you're measuring the albumin:creatinine ratio, you will not have an affect on that or on 24 hour
albuminuria.

Q: When you downplayed the role of ACE inhibitors and ARBs, did you consider their role in
the metabolic syndrome?

Bakris: You have to look at all the data. If you're looking at outcomes and you're looking at the role of ACE
inhibitors, in terms of kidney outcomes, there are zero data that support their use either in people IFG or
people with early diabetes that are normotensive or that even have early stage hypertension and certainly that
have no albuminuria- in this case, there is zero evidence that ACE inhibitors provide protection. The best
example is a paper (NEJM 2009) where the patients are normotensive normoalbuminuria - they were
biopsied and randomized to ACE, ARB or placebo and they measured the progression of diabetic
nephropathy. At the end of study, there was no difference between the groups. So it's all BS - smoke and
mirrors and retrospective epidemiology studies. If you look at the prospective data, it's nowhere near as
compelling. The data for ACE inhibitors and ARBs for the kidney is that if a person's eGFR is less than 60, and
if they have proteinuria, then all the guidelines say that you have be on an ACE inhibitor or ARB. In impaired
fasting glucose or early diabetes, there's no need to use them.

Q: Do we know anything about the durability of weight loss with SGLT-2 inhibitors compared
to GLP-1 agonist?

Dr. Jellinger: If you look at the data, the weight loss seems to be every bit as robust. For the early GLP-1
agonists, it may be a tad more; we're seeing patients treated with GLP-1 agonists that have far more weight
loss than that stated in the PI. Whether that plays out with SGLT-2 inhibitors, we will see.

Q: What is your perception of SGLT-1/SGLT-2 dual inhibitor?

Dr. Bakris: I think jury is out. The problem is that if you inhibit SGLT-1, you'll have a GI nightmare because of
the diarrhea and nausea. The magnitude of SGLT-1 inhibition added to the SGLT-2 inhibition is not that
much. That's assuming you can block SGLT-1 and get away with it clinically, which I don't think you can.

Q: Do you have any insight into the effect of SGLT-2 inhibitors on beta cell preservation and
insulin resistance?

Dr. Peters: it's a complicated issue. You're reducing glucotoxicity and weight and you're restoring
normoglycemia. I don't know the specific effects, and it's the holy grail to preserve beta cell function. I think it
would be nice, but don't think we can say that yet.

Dr. Bakris: I think there are some things that you can use to at least posit a hypothesis. Unless you're doing
specific CRC studies that test beta cell function in man, you won't get a good answer. I would argue that if you
catch diabetes early enough and you use these drugs, you probably would have beta cell preservation. If you're
catching it eight to nine years out, you won't. That's my hypothesis.

Dr. Peters: We'll see.

Q: Why is SGLT-2 up-regulated in people with diabetes?

A: Now all of a sudden the tubule is flooded with glucose, and the transporters are not going to be able to
handle that. The transporters, with increased synthesis, try to bring the glucose back up. That's also the
thought behind why the threshold goes up, because there's a change in the homeostasis. That's the best theory
I can give you.

Q: What about the diuresis part? Should patients be worried about going to the bathroom
more often?

Dr. Bakris: Well, when you first get diuretics you urinate often but after about three days, that initial diuresis
goes away. So you still get diuresis, but its nowhere near as intense as the first three days. With this drug, I
think the amount of diuresis is a function of your glucose excretion. I'm speculating about that.
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Dr. Peters: Some studies say that it's just one more time per day. They weren't running to bathroom
constantly. You also start canagliflozin on a lower dose. I tell people to try it on weekends. I'm pretty careful
with patients when they start new drugs; I make sure that they're hydrated and make sure that they're not
dehydrated. I also cut the dose of the diuretic in half so it kind of balances out. So you have to use your
judgment for each patient.

Dr. Jellinger: Patients that have used SGLT-2 inhibitors have reported increased urination just for the first
few days. It's really not a big problem.

Q: We didn't see much about insulin catabolism in terms of kidney failure, can you comment
on this?

A: Of course with renal failure we need to reduce our insulin doses and you can't use the SGLT-2, at least the
existing one, so it's not really pertinent. SGLT-2 is a non-insulin based mechanism. I'm most anxious to see
the effect of SGLT-2 inhibitors in patients who are severely insulin resistant.

Q: What is the effect of SLGT-2 inhibition on the myocardium?

Dr. Bakris: To my knowledge, none. SGLT-2 is exclusively in the kidney. SGLT-1 is in the gut and the kidney.

Dr. Jellinger: Want to make a comment: in choosing an antidiabetic agent, what has emerged is the quest for
agents that don't cause hypoglycemia or weight gain. I want to point out that in 2011, the CDC did a very
thorough analysis of drug-related emergency room visits across the country. Forty percent of these visits
resulted in admission. Out of the top four drugs that caused these visits, two of them were for diabetes. So
hypoglycemia is a huge problem in terms of cost as well. I would urge you to keep that in mind. Agents that
don't cause hypoglycemia and weight gain are really the holy grail. And now we have more of them available.

Q: What is the increase in blood pressure due to?

A: It's not related to weight, because the effect on blood pressure occurs before you lose substantial amounts
weight. The other thing is that they've looked at people with relatively low glucose levels, and you still get
blood pressure reductions. The argument is that it's working like an osmotic diuretic. That's probably what's
going on with the blood pressure effect. The effect is similar to a low dose diuretic.

Q: What is the role of these agents in type 1 patients?

Dr. Peters: The study that was presented yesterday was looking at dapagliflozin in patients with type 1
diabetes - it was a two-week proof-of-concept study. So you won't see an A1c reduction. But they did see a
reduction of glucose levels over the course of the time; the drug seemed fairly well tolerated. So now we can
move on to longer studies. I personally am looking forward to using them in patients with type 1 diabetes
because I think they'll play an important role. We're just beginning to assess if they are truly safe and
efficacious.

Dr. Bakris: I agree. I think that in type 1 patients, especially in the older ones that are getting a little plump, it
will be good.

Dr. Ganda: Now we're seeing more weight gain in type 1 diabetes - we saw this in DCCT. So theoretically, I
think it makes sense. This should work. Obviously those studies had not been done in type 1 diabetes. These
drugs are approved for type 2 diabetes.

Insulin Therapies

Oral Sessions: Novel Therapeutics

NEW INSULIN GLARGINE U300 FORMULATION EVENS AND PROLONGS STEADY STATE
PK AND PD PROFILES DURING EUGLYCEMIC CLAMP IN PATIENTS WITH TYPE 1
DIABETES (T1DM) (113-OR)

Thomas Jax, PhD (Profil, Neuss, Germany)
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Dr. Thomas Jax presented steady state pharmacokinetics and pharmacodynamics results with a novel 300
U/ml formulation of insulin glargine (GlarU300) as compared to the current 100 U/ml formulation.
Though single subcutaneous injections of GlarU300 have demonstrated prolonged duration of action and a
flatter profile versus standard glargine in previous studies, this trial aimed to examine if these effects persist
once patients are in the steady state. In the trial, patients with type 1 diabetes were randomized to receive
either an eight-day regimen of 0.4 U/kg daily (n=18) or 0.6 U/kg daily (n=12) GlarU300, with crossover to
an eight-day regimen of 0.4 U/kg daily dose of standard U100 glargine. When patients were monitored
with a euglycemic clamp after the last injection at the end of each eight-day regimen, euglycemia was
maintained for longer with the 0.4 U/kg U300 formulation (~32 hours) and 0.6 U/kg U300 dose (~34
hours) versus standard U100 glargine (~29 hours); these results were supported by a flatter and more
constant profile of serum insulin glargine concentrations with GlarU300 at both doses versus standard
U100 glargine as well. Dr. Jax suggested these changes could improve control while reducing the risk of
hypoglycemia, though we await clinical outcomes data from the EDITION-I study, to be presented later in
this meeting.

▪ In the trial, patients with type 1 diabetes were randomized to receive either an eight-
day regimen of 0.4 U/kg daily (n=18) or 0.6 U/kg daily (n=12) GlarU300, with
crossover in 2x2 design to an eight-day regimen of 0.4 U/kg daily dose of standard
U100 glargine. Patients were monitored with a euglycemic clamp for 36 hours after the last
injection at the end of each eight-day regimen.

▪ Using the euglycemic clamp, euglycemia was maintained for longer with the 0.4 U/kg
U300 formulation (~32 hours) versus standard U100 glargine (~29 hours), with a
lower maximum glucose infusion rate as well (2.6 mg/kg/min vs. 3.4 mg/kg/min). The
0.6 U/kg U300 patients demonstrated an even longer 34 hours of euglycemia, though a higher
maximum glucose infusion rate (4.4 mg/kg/min).

▪ These clamp results were supported by a flatter and more constant profile of serum
insulin glargine concentrations with GlarU300 at both doses versus standard U100
glargine. Similarly corroborative, glargine exposure was quantifiable with 0.4 U/kg GlarU300 for
32 hours and with 0.6 U/kg GlarU300 for 36 hours, with 28 hours of quantifiable exposure with 0.4
U/kg U100 glargine. The half-life for the 0.4 U/kg dose of GlarU300 was 14.4 hours, 13.8 hours for
the 0.6 U/kg dose, and 11.2 hours for 0.4 U/kg standard U100 glargine.

Questions and Answers

Q: There is a lot of variability in the environments of patients, particularly with type 1
diabetes. How would you adjust for when patients need to change their dose on the fly?

A: The concept of the basal insulin is you want a steady state as much as possible. The theory is if you have a
duration of action for a longer period you have a more stable glucose control. That said, this is clearly
intended for once-daily subcutaneous injection, not necessarily for pump patients with rapid changes in
dosing.

Q: I was a little surprised that the duration of action was not so different from standard
glargine. Any comment on that?

A: Although there may only seem to be a small difference, it may make a large clinical difference. Those
studies are on the way.

Comment: The duration of action is dose-dependent, so one should look at the basic insulin
requirements of the people in this study beforehand.

Q: When comparing the two formulations, it looks like your data showed a peak with glargine
standard when compared to the new formulation, but no peak with older studies versus NPH.
Have you been able to identify populations that show more pronounced curves or others in
whom it is truly flat?
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A: To our knowledge, we don't know certain populations. But there are two things to remembers here. The
data there was from two different studies; the graphs here also have a different scale, so the curves look a little
more pronounced.

Oral Sessions: ADA President's Oral Session II

THE RELATIONSHIP BETWEEN INSULIN EXPOSURE AND CARDIOVASCULAR MORTALITY
IN THE ACCORD TRIAL (386-OR)

Elias Siraj, MD (Temple University School of Medicine, Philadelphia, PA)

Dr. Elias Siraj presented an analysis of the relationship between cardiovascular (CV) mortality and insulin
dose in the ACCORD randomized controlled trial. He reviewed that in ACCORD, all-cause and CV mortality
were higher in patients randomized to intensive glycemic control (A1c goal of <6.0%; mean achieved A1c of
6.4%) rather than standard therapy (A1c goal of 7.0-7.9%; mean achieved A1c of 7.5%). Subsequent studies
have shown that the intensively treated patients with greatest mortality were those whose A1c stayed high
despite treatment; these patients also were given higher insulin doses. Therefore, the ACCORD researchers
analyzed the CV hazard ratio associated with insulin exposure, as measured by updated total daily dose
(units per kg body weight), in 10,163 subjects with a mean follow- up time of five years. Their univariate
analysis showed a 1.8-to-3.4-fold increase in the risk of CV death, for each additional unit of insulin per
body weight. However, after adjustment for 14 baseline covariates, the risk relationship disappeared. Dr.
Siraj concluded that these results do not support the hypothesis that insulin dose is an independent risk
factor for CV mortality in the population studied. However, he hesitated to make a "sweeping clinical
recommendation" based on the study and called for additional research. During a lengthy Q&A session,
several audience members disputed the study methodology (with one person even saying that he was now
MORE convinced of insulin's CV risk). We expect to see much more work in the future, both to interpret
ACCORD and to better understand the risks of intensive insulin therapy.

▪ To analyze the effects of insulin exposure on cardiovascular mortality in ACCORD, Dr.
Siraj and colleagues looked at data from 10,163 subjects with a mean follow-up time of
five years. Insulin exposure was defined as updated average daily dosage, measured in units per
kilogram of body weight. Separate analyses were performed for all insulins, basal insulin, and
prandial (aka bolus) insulin.

▪ Cardiovascular risk was assessed using a and in a series of Cox proportional hazard
models, including an unadjusted (univariate) analysis and four models that adjusted
for increasing numbers of covariates. The first model adjusted for 14 baseline characteristics,
including age, baseline A1c, history of CV disease, QT index, amputation, presence of CDE on staff at
randomization, presence of an integrated health plan, education status, use of ARBs, HDL, and
measures of diabetic complications (e.g., amputation, urinary albumin:creatinine ratio). The second
model adjusted for these baseline data as well as weight gain, severe hypoglycemia, and patients'
assignments within the blood pressure or lipid substudies of ACCORD. The third model further adds
patients' updated average A1c. Finally, atop all these other covariates, the fourth model adjusted for
which glycemic treatment strategy patients were assigned. (Insulin doses were significantly higher in
the intensive treatment group.)

▪ Insulin exposure was associated with significantly higher cardiovascular mortality in
the unadjusted analysis (1.8-to-3.4-fold increase in the risk of CV death, for each
additional unit of insulin per body weight); however, an association was not seen in
the adjusted models (detailed results in the table below). The researchers concluded that these
results do not support the hypothesis that insulin dose was an independent risk factor for
cardiovascular mortality in the ACCORD population.

All Insulin Basal Insulin Bolus Insulin

Unadjusted 1.83 (1.45, 2.31) 2.29 (1.62, 3.23) 3.36 (2, 5.66)
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p<0.0001 p<0.0001 p<0.0001

Model 1 (adjusts for baseline

data)

1.21 (0.92, 1.6)

p=0.1726

1.3 (0.87, 1.94)

p=0.2073

1.65 (0.88, 3.11)

p=0.1172

Model 2 (adds grouping in BP

and lipid trials, severe hypo, wt

change)

1.21 (0.91, 1.61)

p=0.1912

1.29 (0.85, 1.95)

p=0.2272

1.63 (0.85, 3.12)

p=0.1399

Model 3 (adds updated average

A1c)

1.12 (0.84, 1.49)

p=0.4540

1.13 (0.74, 1.72)

p=0.5636

1.48 (0.77, 2.84)

p=0.2365

Model 4 (adds glycemic strategy

assignment in trial)

0.99 (0.74, 1.34)

p=0.9693

0.94 (0.61, 1.46)

p=0.7955

1.23 (0.63, 2.4)

p=0.5478

Hazard ratio (95% confidence interval) of cardiovascular mortality, per updated daily average insulin dose (units/kg)

Questions and Answers

Q: What were the findings on the relationship of insulin exposure with all-cause mortality?

A: We did not look at this.

Comment (from same questioner): It would have been obvious to do, and it seems like it could
have been done with two extra hours of analysis. With model four, you are probably getting up
to 30 or 40 degrees of freedom. I am actually more convinced now that there is an association.
I think that you should report all-cause mortality as well.

Q: It was reassuring to see no association after adjustment. In general we shouldn't think that
a high insulin dose should be dangerous in itself. We need high doses because people are very
sick. It could be reverse causality. Highly insulinized patients are high in insulin resistance;
maybe they die because they are very sick.

A: We wanted to do this study because of the reasons you say. Many of us see insulin-resistant patients and
escalate their dosage, and we wonder if we are doing something bad. In the unadjusted model, there was a
clear-cut correlation between insulin dose and CV mortality. The significance was wiped out after adjustment.
We can't conclude that there is a correlation.

Q: The use of covariates could be misleading. Maybe being insulin resistant increased the risk
of endpoints, but high insulin dosage increased this risk further. Insulin could be driving a
problem in people who were already insulin resistant. I don't think it's disproven.

A: I don't think we said that it was disproven, just that our analysis didn't support the hypothesis.

Comment (from same questioner): There could still be a risk of giving insulin in large doses. I
don't see that as disproven.

A: I think that we did a valid analysis. In model one, we took away the baseline covariates. What happened
with treatment is different in different patients, so in the other models we adjusted for those factors as well.

Comment (from same questioner): The risk is masked within the covariates. Q: Would you be
willing to release the data for others to analyze?

A: We will discuss this with the ACCORD group.

Q: Do you have any information on adherence to insulin administration within the study?

A: In general it was pretty good.

Comment (from same questioner): I would disagree. If A1c is elevated and you increase
insulin dose, A1c will fall unless people aren't taking the insulin. If they were not taking it and
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their A1c stayed high, the protocol called for a progressive increase in therapies; there was a
disconnect between what doctors said and what patients were doing. But every now and then
people would actually take the insulin dose, which was now considerably more than what they
needed. This hypothesis goes into reverse causality argument just raised, and I think the Matt
Riddle paper addressed it as well.

A: But maybe patients aren't taking insulin at other levels of A1c, either. We haven't looked at noncompliance
by A1c level. But if you look at the correlation by A1c and insulin level, I think that it will hold.

Q: Clearly more work is needed. What message should clinicians take from this, especially
with regard to highly insulin-resistant patients?

A: I think that it is difficult to make sweeping clinical recommendation. Based on the population we have, we
were not able to confirm that insulin was an independent risk factor for CV mortality. All of us continue to
have this concern that we are driving the dose of insulin, because next time A1c is still above goal. I think it is
still a healthy concern but that we need more data like this to confirm or refute, so we have a stronger basis for
clinical decision-making.

Oral Sessions: Epidemiology of Diabetes Complications and Mortality

CANCER OUTCOMES IN PATIENTS WITH DYSGLYCEMIA ON BASAL INSULIN: RESULTS OF
THE ORIGIN TRIAL (281-OR)

Louise Bordeleau, MD (McMaster University, Hamilton, ON)

Dr. Louise Bordeleau presented results from a sub-analysis of the ORIGIN trial that examined cancer
outcomes. As a reminder, the ORIGIN trial was a multicenter, randomized 2x2 factorial trial that examined
the effect of insulin glargine treatment vs. standard care and omega 3 fatty acid treatment vs. placebo on
cardiovascular outcomes in patients at risk for CV disease who had either impaired fasting glucose,
impaired glucose tolerance, or early type 2 diabetes. Results from the trial presented at least year's ADA
demonstrated no increased risk of cardiovascular outcomes or cancer with glargine treatment. This
subanalysis further examined cancer outcomes in the ORIGIN trial. Data on cancer deaths and cancer-
related hospitalizations was collected from the date of randomization at every visit, while cancers not
requiring hospitalizations and any other cancer events since the date of randomization were ascertained
starting in January 2010. 953 patients (7.6% of all patients) developed cancer during the trial, and cancer
incidence was 1.32/ 100 person-years. There was no significant difference in cancer death rates or adjusted
incidence of cancer between the study's glargine vs. standard care arms. There was also no significant
difference in the incidence rate of common subtypes of cancer (lung, colorectal, breast, prostate) between
the study's two arms. Finally, use of metformin and dose of metformin at baseline or post-randomization
did not impact the risk of developing cancer. These results underscore the strong message delivered at last
year's ADA about glargine's neutral effects on cancer - we continue to see this as a big win for the drug.

▪ As a reminder, the ORIGIN trial was a multicenter, randomized 2x2 factorial trial that
examined the effect of glargine treatment vs. standard care and omega 3 fatty acid
treatment vs. placebo on cardiovascular outcomes. It enrolled 12,537 people with impaired
fasting glucose, impaired glucose tolerance, or early type 2 diabetes mellitus who were at high risk of
CV events; participants could not have active cancer. Participants were randomized to glargine or
standard of care, and omega 3 or placebo. Patients were followed for a median of 6.2 years (IQR 5.8
- 6.6 years). Data from the trial presented at least year's ADA showed that largine treatment was not
an increased risk of cardiovascular outcomes or cancer. For more details on the trial, see our ADA
2012 ORIGIN coverage at: https://closeconcerns.box.com/s/f3fec2377804f65c834c

▪ This subanalysis examined cancer outcomes in the ORIGIN trial. Data on cancer deaths
and cancer-related hospitalizations was collected from the date of randomization at every visit.
Cancers not requiring hospitalization and any other cancer events since the date of randomization
were also ascertained starting in January 2010. Cancers were classified by their primary anatomic
site, status (new or recurrent), clinical consequence (death/hospitalization), certainty (definite
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probable or possible; definite or probable were included in analyses). 12,537 patients (35% female)
with a median age of 63.5 years were included in the analysis. 82% had prior diabetes, with a mean
diabetes duration of 5.4 years. Overall, 953 patients (7.6%) of patients developed cancer during the
trial. Cancer incidence was 1.32/ 100 person years.

▪ There was no significant difference in cancer death rate or adjusted incidence of
cancer between the study's glargine vs. standard care arms. There was also no significant
difference in the incidence rate of common subtypes of cancer (lung, colorectal, breast, prostate,
etc.) between the study's two arms. Analyses of baseline data suggested that those who developed
cancer were older, had higher alcohol intakes, had higher rates of CV events, and were more likely to
smoke. Additionally, patients with new diabetes were more likely to develop cancer. Metformin use
was similar between those who did and did not develop a cancer event.

▪ Use of metformin and dose of metformin at baseline and post-randomization did not
impact the risk of developing cancer. It also didn't impact the hazard ratio of cancer due to
glargine. Similarly, use of metformin in combination with an SFU, A1c, and weight had neutral
effects. Use of metformin and metformin dose also did not have an effect on development of breast
cancer in women participants. Use of metformin with a sulfonylurea, A1c, and weight post-
randomization similarly had no effect on this outcome.

Questions and Answers

Q: Why didn't you look at the effect of insulin dose on cancer outcomes the way you looked at
metformin dose?

A: The insulin dose was fairly low. We did not set the trial up to do an analysis with insulin doses, so it's not
something that could be done down the road.

Q: On one of the slides you showed that there were more people with no cancers among those
taking SFUs. The difference was statistically significant. Yet afterwards, you analyzed SFU use
along with metformin. Are SFUs protective for cancer?

A: We haven't looked at SFU use alone, but when you add metformin, it doesn't have an effect.

Q: But SFU use seems to be overrepresented in the ones without cancer.

A: These are baseline characteristics at the time of randomization. It is hard to make a causal relationship
from the baseline characteristics. What is important is exposure during the trial. When we included this
variable in the model, it didn't make a difference.

Q: Can you comment on the cases of pancreatic cancer?

A: This is a rare cancer. We didn't see a significant difference between the treatment arms.

Oral Sessions: Hypoglycemia-Mechanisms and Clinical Aspects

TACKLING INTRACTABLE PROBLEMATIC HYPOGLYCEMIA IN TYPE 1 DIABETES: THE
DAFNE-HART PILOT STUDY (255-OR)

Stephanie Amiel, MD (King's College London, London, UK)

Dr. Stephanie Amiel presented results of the DAFNE-HART pilot study, which aimed to develop an
intervention to address motivational and psychosocial factors underlying persistent impaired
hypoglycemia awareness. This pilot study enrolled 24 adults with type 1 diabetes that had a median 16
episodes of moderate hypoglycemia in the six weeks prior to study start and mean patient-reported severe
hypoglycemia of 3.5 events over the last year (mean baseline A1c was 7.8%). The intervention delivered
included motivational interviewing and cognitive behavioral therapy to educate and alter patients' thoughts
and behaviors around hypoglycemia. The program identified and addressed three "thinking traps:" 1) that
one can "soldier on" through hypoglycemia; 2) there are no adverse outcomes to impaired hypoglycemia
awareness; and 3) overestimation of the risks associated with hyperglycemia. Three months after engaging
in the six-week course, patients' average A1c remained the same, and annualized severe hypoglycemia event
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rate fell from 3.5 to zero. In addition, the median number of moderate hypoglycemia events in the last six
weeks fell to one. Patients wore a CGM for five days before and after the intervention, which revealed that
the change in hypoglycemia was driven by a reduction in duration of daytime hypoglycemia. Measures of
psychological distress improved - there was a significant change in worrying about hypoglycemia
avoidance and a significant change in behaviors around low blood glucose. Audience members seemed very
impressed with Dr. Amiel's results during Q&A; notably, Kaiser Permanente's Dr. Jim Dudl asked if the
curriculum would be available for Kaiser or others to engage with.

Questions and Answers

Q: My question is about using CGM. To what extent do you think the technology made
available to these people with alarms and whistles played a role in helping them avoid severe
hypoglycemia?

A: The data I showed you were from blinded CGMs they couldn't see. A very small number of patients were
already using real time CGM. We didn't give patients any new technology. What was interesting in subsequent
follow-ups that will confound follow-up for this study is that - several patients have now engaged with new
technology, including patients who had previously not expressed interest in doing so. So we're not just
changing their hypoglycemia experience, but we're also changing their understanding of the severity of the
problem.

Q: How did you ascertain these patients that are so refractory to treatment? Did these
patients' families insist? Where did their readiness for change come from?

A: That has been looked at quite closely. We found these patients through educators. People were referred to
our program for refractory hypoglycemia. These people don't not engage with services, they just don't engage
with avoiding hypoglycemia.

Dr. Jim Dudl (Kaiser Permanente): We've published similar results with a behavioral
approach for people with A1cs over 9%. It's very attractive. I wonder if your curriculum is
propriety or could it be reviewed for us or others to build the same sort of model for
hypoglycemia?

A: The curriculum is being modified according to input from patients and educators. There's still some
tinkering to do, and we believe we'll have to do an RCT for it. We'll have to prove for our payers that it works
with more sustained benefit than three months. We'd be delighted, particularly, to look at collaborating over
an early roll out. We think the publication of this curriculum is one of the outcomes that we will be telling the
National Institute of Health Research (NIHR), our funders in the UK, we can provide.

Q: Do you think recurrent hypoglycemia determines personality phenotype or the other way
around?

A: Relatives often say to me that the person with hypoglycemia unawareness is prone to recurrent behaviors
they know to be unhealthy, even outside of diabetes, and can't stop. There are data suggesting may be a
genetic predisposition to hypoglycemia unawareness. We need to see if we can reverse it fully as this would
make an inherited risk less likely.

INTENSIFICATION OF BASAL INSULIN THERAPY WITH STEP-WISE ADDITION OF
INSULIN ASPART BOLUSES VS. BASAL-BOLUS THERAPY: THE FULLSTEP STUDYTM

(256-OR)

Helena Rodbard, MD (Endocrine and Metabolic Consultants, Rockville, MD)

Dr. Helena Rodbard presented the fairly intuitive findings that step-wise initiation of basal-bolus therapy
provided non-inferior glycemic control compared to immediate initiation of a full basal-bolus regimen;
meanwhile, the step-wise regimen was associated with a lower risk of hypoglycemia and better patient
satisfaction. In addition, ~half of completers on the step-wise protocol required only one or two bolus
injections/day at the end of the study, whereas all patients in the basal-bolus arm were on three bolus
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injections/day. Notably, about twice as many patients on the basal-bolus protocol dropped out of the study
compared to the step-wise protocol.

▪ The FullSTEP study aimed to compare the efficacy and safety of incremental addition
of bolus insulin aspart to basal insulin therapy against complete basal- bolus insulin
therapy (three boluses/day). People with type 2 diabetes (n=401) with mean baseline A1c of
7.9% participated in an eight-week run-in period with insulin detemir. They were then randomized
to add step-wise insulin aspart (starting with one daily bolus injection and intensifying to two and
three if A1c ≤7% was not achieved at 11 and 22 weeks, respectively) or full basal-bolus (insulin aspart
three times/day). Treatment duration was 32 weeks.

▪ Mean A1c change from baseline to week 32 was similar between the two arms (0.9%
vs. 1.1% reduction [n.s.] on step-wise vs. basal-bolus, respectively). Basal-bolus therapy
initially provided superior A1c reductions at weeks 11 and 22, as might be expected, though by the
end of the trial (week 32) the differences had abated. Mean fasting plasma glucose was similar
between the two groups throughout the trial.

▪ Overall hypoglycemia was almost twice as frequent in the basal-bolus group compared
to the step-wise group. When treatment-emergent hypoglycemic episodes were plotted by week,
the step-wise group experienced fewer episodes of hypoglycemia every week.

▪ Only ~half of participants in the step-wise group who completed the trial required
three bolus injections at the end of the trial. In the stepwise group, 17% required only one
bolus injection/day; 27% required two bolus injections/day, and 40% required three after 32 weeks
(14% dropped out). In contrast, 73% in the basal-bolus group were on three bolus injections (26%
dropped out). Notably, nearly twice as many participants dropped out of the basal-bolus arm than
the step-wise arm.

▪ The DiabMedSat patient satisfaction scale revealed that patients in the step-wise arm
experienced greater treatment satisfaction. They scored more favorably on the burden,
efficacy, and overall scores of this scale.

Questions and Answers:

Q: At initiation, did you stop all OADs or maintain them?

A: They maintained background OADs at the same dose with no changes. There were about the same number
of oral agents in both groups. The predominant oral agents were metformin or sulfonylurea. A few patients
were on pioglitazone, and a few patients were on DPP-4 inhibitors.

Q: How did you monitor hypoglycemia?

A: It was depending on patient symptoms or using measurements. They were not on CGM. That would have
been ideal, of course.

Q: How often did you see each patient to advise about dose adjustment? Was there any
difference in weight gain between the groups?

A: There was no effect on weight gain. Both gained about 2 kg [4.4 lbs] at the end of the 32 weeks, but there
was no difference between the groups. In terms of adjusting insulin doses, the basal insulin dose was adjusted
weekly by the patients, depending on what the blood glucose levels had been over three consecutive days,
using the 3-0-3 algorithm. Regarding the bolus insulin doses, they were adjusted on a daily basis by one unit.
Patients were adjusting themselves going up or down one unit at a time.

Q: To clarify, you said step-wise had lesser hypoglycemia but more nocturnal hypoglycemia?

A: No, the step-wise group had fewer hypoglycemia episodes across the board, including less nocturnal
hypoglycemia.
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Posters

IMPROVED GLYCEMIC CONTROL DESPITE REDUCTIONS IN BOLUS INSULIN DOSES WITH
BASAL INSULIN LY2605541 COMPARED WITH BASAL INSULIN GLARGINE IN PATIENTS
WITH TYPE 1 DIABETS (915-P)

Julio Rosenstock, Richard Bergenstal, Thomas Blevins, Linda Morrow, Yongming Qu, and
Scott Jacober

LY2605541 (LY) is a long-acting novel basal insulin analog designed to have a large hydrodynamic size that
may contribute to slower insulin absorption and reduced clearance. A phase 2, randomized, open- label, 2x2
crossover study found a greater improvement in glycemic control and reduction in prandial insulin
requirements with LY compared to insulin glargine (GL) in patients with type 1 diabetes (n=108). The
present analysis sought to further interrogate these initial results in order to explain the need for lower
mealtime insulin doses. In the trial, LY-treated patients had significantly reduced daily mean blood glucose
levels vs. patients receiving insulin glargine (143.0 mg/dl vs. 151.7 mg/dl compared to baseline of 161.8 mg/
dl; p<0.001) at eight weeks. LY use was also associated with numerically more total hypoglycemia, but
nocturnal hypoglycemia rates were significantly lower. Patients in both treatment arms required
comparable doses of basal insulin, whereas the decreased need for bolus insulin use was consistent for every
meal. Researchers concluded that these findings are perhaps related to LY's prolonged duration of basal
insulin action and/or greater suppression of hepatic glucose production related to a preferential hepatic
effect.

▪ Participants with type 1 diabetes (n=108) received a once-daily basal insulin (either LY
[n=56] or GL [n=52]) plus prandial insulin for eight weeks, followed by crossover
treatment for an additional eight weeks. Patients were comparable in terms of baseline
demographics. Overall, 64.8% were men and 94.4% were Caucasian. Mean baseline age was 38.5
years, and mean duration of diabetes was 17.9 years. For both treatment groups, the mean BMI was
27.4 kg/m2, weight was 84 kg (185 lbs), and baseline A1c level was 7.6%.

▪ At eight weeks, LY met statistical criteria for superiority vs. GL in lowering daily mean
blood glucose levels (143.0 mg/dl vs. 151.7 mg/dl compared to baseline of 161.8 mg/dl;
p<0.001). The improvements in glycemic control during LY treatment were not found to be due to
over-dosing, because fasting plasma glucose levels were comparable between the two treatment
groups.

▪ Following eight weeks of treatment, basal insulin doses were comparable between the
two treatment groups, but bolus insulin doses were significantly lower in LY- treated
patients compared with GL. In the first treatment period (2-6 weeks after randomization),
patients receiving LY used significantly less basal insulin than those on GL; however, this difference
dissipated during the second treatment period (after crossover). LY- treated patients needed
significantly less bolus insulin compared with GL. This reduced use occurred primarily during the
second treatment period (when basal doses for both groups was comparable) and was consistent for
all meals (least-squares mean differences between LY and GL): breakfast (-0.9 IU; p=0.021), lunch
(-1.4 IU; p<0.001), dinner (-2.0 IU; p<0.001), and total daily bolus dose (-4.3 IU; p=0.005).

▪ LY treatment was associated with significantly fewer nocturnal hypoglycemia events
(0.9 vs. 1.2 events/30 days; p=0.007) and a numerically higher total hypoglycemia rate
(9.2 vs. 8.1 events/30 days; p=0.074) than GL. Even though the incidence of total
hypoglycemia (BG ≤70 mg/dl) was higher in LY than GL (RR= 1.20), the rate of early morning
hypoglycemia was lower (RR=0.73). This trend was consistent throughout the eight-week treatment
period.
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NEW INSULIN GLARGINE FORMULATION: GLUCOSE CONTROL AND HYPOGLYCEMIA IN
PEOPLE WITH TYPE 2 DIABETES USING BASAL AND MEALTIME INSULIN (EDITION I)
(43-LB)

Matthew Riddle, Geremia Bolli, Monika Ziemen, Isabel Muehlen-Bartmer, Florence Bizet, and
Philip Home

This six-month phase 3a study compared the efficacy and safety of a new long-acting 300 U/ml (U-300)
insulin glargine formulation to insulin glargine 100 U/mL (U-100) in patients with type 2 diabetes
previously using both basal and mealtime insulin. U-300 has a longer and flatter pharmacokinetic profile
than U-100, suggesting a possible advantage in diabetes treatment. Study subjects (n=807) were
randomized to once-daily evening U-300 (n=404) or U-100 (n=403), while continuing their mealtime
regimen. At baseline, subjects had a mean age of 60 years, BMI of 36.6 kg/m2, duration of type 2 diabetes
of 15.8 years, and A1c of 8.15%. Following six months of treatment, U-300 was non-inferior to U-100 in A1c-
lowering efficacy (both groups lowered A1c an average 0.83% from baseline). Patients receiving U-300
showed a significant 21% reduction in severe or nocturnal confirmed hypoglycemia from month three to
month six (36.1% with U-300 vs. 46.0% with U-100; p=0.0045). Furthermore, the occurrence of any
hypoglycemic event was numerically lower, but not statistically significant, in patients receiving U-300 vs.
U-100. Given the comparable glycemic efficacy of U-300 and U-100, the potential of U-300 to reduce the
risk of hypoglycemia indicates that it is an improved basal insulin that should be considered, especially for
people with high insulin requirements.

Symposium: Update on New Insulin Preparations for the Management of Diabetes

CLINICAL USE OF CONCENTRATED INSULIN FORMULATIONS - WHEN AND HOW TO USE
THEM (U-200, U-300, U-500)

Mary Korytkowski, MD (University of Pittsburgh, Pittsburgh, PA)

After providing background information on U-500 insulin, Dr. Mary Korytkowski reviewed the current
guidelines for its use and discussed its use in clinical practice, then briefly touched on concentrated insulins
on the horizon (U-200 insulin degludec and U-300 insulin glargine) and how they will be incorporated into
clinical practice. Dr. Korytkowski explained that U-500 is currently used alone, or in combination with
long-acting, intermediate-acting, or rapid-acting analogs. Given the 12-16 hour duration of action of U-500,
the introduction of truly long-acting concentrated insulin formulations such as U-200 or U-300 may
restrict U-500 to use as a pre-meal insulin in the future. Dr. Korytkowski noted that because concentrated
insulin formulations have different pharmacokinetics and pharmacodynamics versus U-100 insulin,
adjustments in insulin doses are required when changing patients from U-100 to concentrated insulin. Dr.
Korytkowski commented that the use of concentrated insulin formulations is likely to continue to increase in
the future, given the increasing prevalence and severity of obesity and insulin resistance.

▪ Dr. Korytkowski briefly discussed U-200 insulin degludec and U-300 insulin glargine,
noting that they provide similar glycemic control as U-100 insulin glargine, and have
low risk of hypoglycemia. In the BEGIN LOW VOLUME trial in insulin- naïve patients with type
2 diabetes, U-200 insulin degludec improved glycemic control similar to insulin glargine, with a low
risk of hypoglycemia (Gough et al., Diabetes Care 2013). In a PK/PD study of U-300 insulin glargine
versus U-100 insulin glargine in patients with type 1 diabetes, the profile of U-300 was much flatter
than U-100 (Tillner et al., ADA 2012). In the EDITION I trial, U-300 insulin glargine brought about
similar changes in A1c compared to U-100 insulin glargine, but with a slightly lower incidence of
hypoglycemia (Riddle et al., ADA 2013).

Questions and Answers

Q: The U-200 formulation of insulin degludec has the exact same PK profile as the U-100
formulation of insulin glargine, so this is the exception to the rule. Otherwise, I fully agree that
highly concentrated insulin [has different PK compared to U-100].
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A: That's a good point, thank you. In the study in Diabetes Care, in the supplemental materials, the dosing of
U-100 insulin glargine and U-200 insulin degludec were essentially identical.

Q: I presented a poster here of U-500 insulin in 15 patients who had their glucose tracked
using continuous glucose monitoring before starting and six months later. In the CGM
tracings, U-500 was clearly much better as a basal insulin, and not much for reducing
postprandial glucose. Are there any studies utilizing GLP-1 analogs in combination with U-
500?

A: I'm sorry to have missed your poster, I'll have to come by and see it. There is one case report on using
U-500 in combination with liraglutide. In this case, U-500 was used more as the basal insulin, and liraglutide
was used to control postprandial glucose. There were significant reductions in A1c in this one case report, but
it's a proof-of-concept idea. This person lost weight, and the dose of insulin actually decreased. There could be
some promise there using the two together.

NEW INSULIN FORMULATIONS - ARE THEY BETTER THAN CURRENTLY AVAILABLE
HUMAN INSULINS?

Thomas Donner, MD (Johns Hopkins University, Baltimore, MD)

Dr. Thomas Donner expressed optimism that ultra-long-acting and ultra-rapid-acting insulins in
development could improve upon current insulin formulations. Specifically, he noted that there is evidence
that ultra-long-acting basal insulins reduce nocturnal hypoglycemia and have less weight gain (or even can
cause weight loss) compared to insulin glargine. Meanwhile, ultra-rapid-acting insulins could be more
effective in reducing postprandial hyperglycemia than current rapid-acting analogs. Nonetheless, Dr.
Donner noted that long-term studies are needed to confirm the efficacy and safety of these new candidates.
During his presentation, he covered several specific ultra-long-acting insulins (insulin degludec,
LY2605541) and ultra-rapid-acting insulins (BIOD-123, rapid-acting analogs plus hyaluronidase, and
FIAsp).

▪ Insulin degludec: Insulin degludec forms soluble multihexamers after subcutaneous injection,
allowing for the gradual release of insulin monomers into circulation. It has a 25-hour half life, a
duration of action of over 42 hours, and similar A1c-lowering efficacy when dosed either at a fixed
time of day, or at intervals of 8-40 hours apart (Meneghini et al., Diabetes Care 2013). Insulin
degludec's profile appears flatter than current basal insulins. In a one-year, randomized, treat-to-
target study in insulin-naïve patients with type 2 diabetes comparing insulin degludec with insulin
glargine (BEGIN Once Long), the two insulins provided nearly identical glycemic control, but insulin
degludec had a 36% lower incidence of nocturnal hypoglycemia (p=0.04) (Zinman et al., Diabetes
Care 2012). Two-year data from the BEGIN Basal-Bolus trial for patients with type 1 diabetes
showed a 25% lower incidence of nocturnal hypoglycemia with insulin degludec versus insulin
glargine (n<0.05), with insulin degludec bringing about similar glycemic control to insulin glargine,
but with reduced insulin requirements (Bode et al., Diabetic Med 2013). Dr. Donner reviewed
insulin degludec's regulatory status in the US, noting that the FDA requested additional
cardiovascular data from a dedicated cardiovascular outcomes trial prior to approval.

▪ LY2605541: LY2605541 is insulin lispro, modified with a 20-kDA polyethylene glycol moiety. Its
larger size delays absorption and slows clearance. In a dog model, LY2605541 displayed preferential
hepatic uptake and greater lipolysis, suggesting potential for less lipogenesis, increased oxidation,
and weight loss as opposed to gain. In a 12-week study in patients with type 2 diabetes, LY2605541
brought about similar effects on fasting glucose and A1c versus insulin glargine, but with less
daytime glucose variability, significantly less nocturnal hypoglycemia (48% less), and weight loss as
opposed to weight gain (Bergenstal et al., Diabetes Care 2012). LY2605541 increased triglycerides
relative to insulin glargine, and was also associated with small increases in ALT and AST. In an
eight-week crossover study in patients with type 1 diabetes of LY2605541 versus insulin glargine,
LY2605541 decreased daytime glucose levels by approximately 10 mg/dl, reduced mealtime insulin
dosing by 17%, had less daytime glucose variability, and conferred weight loss (Rosenstock et al.,
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Diabetes Care 2013). Dr. Donner noted that both studies had two subjects with three-fold elevations
in liver enzymes occurring four weeks after study end. In addition, Dr. Donner commented
LY2605541 needs to be explored longer with regards to cardiovascular safety.

▪ BIOD-123: BIOD-123 consists of insulin lispro with citrate and calcium EDTA; the chelating effects
of the calcium EDTA leads to rapid dissociation of insulin hexamers, and inhibition of insulin
monomer/dimer re-association. Compared to insulin lispro alone, BIOD-123 has a much earlier
peak action, and clears out more rapidly. A phase 2 study comparing BIOD-123 versus insulin lispro
is expected to complete in 3Q13.

▪ Hyaluronidase (PH20): Hyaluronidase has been shown to increase the dispersion and
absorption of subcutaneously administered drugs, with no increased injection site pain. In a study in
patients with type 1 diabetes, insulin pharmacokinetics were accelerated with co- administration of
PH20 and prandial insulin versus prandial insulin alone (Hompesch et al., Diabetes Care 2011). In
another study, co-administration of PH20 with rapid-acting analogs decreased time to 50%
exposure from about two hours to 75 minutes, doubled early first-hour exposure, and halved
exposure beyond two hours for all three rapid-acting analogs (Morrow et al., Diabetes Care 2013).

▪ FIAsp: FIAsp is aspart insulin combined with the excipients nicotinamide (to help speed
absorption) and arginine (to stabilize the insulin). Dr. Donner noted that there is no published
human data of FIAsp. In pigs, subcutaneous injections of FIAsp were shown to reduce postprandial
glucose. Phase 3 trials for FIAsp are planned to start in 2013 and 2014 in both patients with type 1
diabetes and patients with type 2 diabetes.

Questions and Answers

Q: In studies comparing insulin glargine and insulin degludec, dosing was quite different -
glargine was dosed any time, and degludec dosing was fixed around the evening meal. Could
you comment on whether you think that contributed to the differences observed in nocturnal
hypoglycemia?

A: I don't know how they made the decision to dose at different times, but you would expect to have less
nocturnal hypoglycemia with glargine if it's dosed in the morning.

Q: Do you really think we need a liver-specific insulin? I know it's important in normal
physiology, but we've already seen some side effects, and [a large proportion] of our patients
have fatty liver disease.

A: Ideally you'd have a liver-specific insulin to help suppress hepatic gluconeogenesis. If you have insulin
preferentially taken up in the liver, it would lower systemic insulin levels - there are some suggestions that
systemic insulin levels may influence cardiovascular risk. You're right though in that any insulin that has
preferred hepatic action needs hepatic safety.

Q: Do you know anything about the status of smart or glucose-sensitive insulin?

A: That's really our holy grail, isn't it? Glucose-dependent insulin would only be activated when glucose is
elevated. I know of at least two companies who are working on it. These insulins would typically have a moiety
attached to the insulin that would dissociate when glucose becomes elevated, and become activated.

ALTERNATIVE INSULIN DELIVERY SYSTEMS - INHALED, ORAL, PATCHES, AND
MICRONEEDLES

William Cefalu, MD (Pennington Biomedical Research Center, Baton Rouge, LA)

Dr. William Cefalu provided an excellent review of alternative insulin delivery systems, aptly commenting
that 25 minutes was not enough to cover the entire field. To begin, he remarked that alternative delivery
systems - transdermal, nasal, sublingual, buccal, oral, inhaled, and intraperitoneal have a "huge hurdle to
jump" since they must address the many significant barriers to insulin use. Turning first to transdermal
delivery, he detailed the types of microneedles available (solid, coated, dissolving, hollow) and commented
that the U-Strip Transdermal insulin is currently in phase 3 (developed by Transdermal Specialties). Dr.
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Cefalu's subsequent discussion on buccal insulins centered on Oral-yn (phase 3), which he believes requires a
better formulation to reduce the number of puffs per meal. Dr. Cefalu focused the largest portion of his talk on
oral insulins and swiftly reviewed several candidates: Biocon's IN-105, Oramed's ORMD-0801 (with new data
in poster 1054-P), Diabetology's Capsulin, Novo Nordisk's oral insulin candidate, and Diasome's hepatic-

direct vesicles (we recently published a review of oral insulins, available at http://close.cx/oralInsulin).
Dr. Cefalu concluded his talk with a brief mention of inhaled insulin, noting that the only company still
pursuing this approach is Mannkind (phase 1 data on Afrezza is being presented in poster 982-P).

Questions and Answers

Q: Regarding inhaled insulin, we're all very hopeful. One of the limiting factors is the question
about whether it has pulmonary effects and what happens in the long term. What is your take
on this?

A: We'll wait for the information from studies. We saw a small pulmonary effect that appeared to be
maintained across time, and which stopped after drug discontinuation. I think that long term studies will be
needed.

Q: I'm wondering about the viability of using insulin preparations or delivery systems that
only have an efficiency of 5-10%, because this means that if you increase absorption through
some physical change in the patient, then you could triple the dose. Is that going to be a
limiting factor?

A: I don't know. At this point, you're talking about a buccal or oral insulin. For the buccal delivery, it's going to
take more insulin. For the oral insulin, you have to think about the liver effects. We don't really know, and we
don't have enough data. We know that some oral insulin products work, but we need more studies on their
efficacy and their systemic levels.

Comment: I want to advise that in the intradermal space, BD has been working in this area
using a 150 micron steel microneedle and has published a number of studies showing
reproducible accelerated kinetics of insulin by about 40%. I just wanted to mention that.

Q: Oral insulin is facing a number of obstacles. Do you think we'll get by all the obstacles and
really have a preparation?

A: I can't predict the future; I don't know. There are some tremendous hurdles. I've shown you the proof of
concept but there are obviously a lot of hurdles. These are small studies in a limited number of patients. If we
can get past those and prove proof of concept in larger studies, perhaps we'll see. Time will tell and studies
will tell.

INSULIN STRATEGIES IN PREGNANCY

Celeste Durnwald, MD (University of Pennsylvania, Philadelphia, PA)

Dr. Celeste Durnwald reviewed a series of small studies investigating the safety and efficacy of new insulin
analogs in pregnant women with type 1 diabetes, emphasizing that this field is highly understudied and
requires greater attention because of the increased risk of complications during pregnancy. She reminded
the audience that tight glycemic control is essential during pregnancy to decrease the risk of congenital
malformations, miscarriage, fetal overgrowth, and diabetic ketoacidosis, though she warned that tighter
control could increase the risk of hypoglycemia. Small studies comparing insulin lispro (Lilly's Humalog) to
regular insulin have shown similar rates of retinopathy progression, antibodies in the cord blood, and
frequency of specific and cross-reactive antibodies. Importantly, the investigators did not observe any
placental transfer of insulin lispro or abnormal rates of fetal overgrowth. Studies comparing insulin aspart
(Novo Nordisk's NovoLog) to regular insulin in pregnant women showed that insulin aspart was associated
with significantly less major hypoglycemic episodes, higher quality of life, and no difference in A1c levels.
Based on these data, Dr. Durnwald suggested that insulin lispro and insulin aspart could be adopted into
clinical use due to their lack of major safety concerns and their similar efficacy compared to regular insulin.
She noted that because data on insulin glargine (Sanofi's Lantus) is limited, she could not recommend its use
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in pregnant patients, although early studies have not shown increases in complications compared to NPH.
Finally, Dr. Durnwald instructed that HCPs should consider insulin detemir (Novo Nordisk's Levemir) on
an individual basis, as results from a single randomized controlled trial suggested comparable efficacy and
neonatal outcomes relative to NPH; however, concerns still remain over the significant maternal
hypoglycemia observed in the study.

Sanofi Diabetes Update

SANOFI DIABETES UPDATE

Sanofi held a conference call this morning to review results presented at ADA for its new U300 insulin
glargine formulation and to provide an update on the Lyxumia/Lantus combination product. Management
guided for phase 3 to begin in 1H14 for "lixi/lan;" disappointingly, management did not provide any detail
on the functionality of the fixed-ratio device or details on the technical difficulties encountered with the fix-
flex device, as was expected. Results of the U300 insulin glargine's EDITION I and EDITION II studies were
very impressive - EDITION I showed a 21% reduction in nocturnal hypoglycemia compared to Lantus.
Topline EDITION II results confirmed this finding.

▪ Management highlighted that these two studies enrolled very difficult type 2 patients
(in both studies, all participants required >42 u/day of insulin at baseline). In both studies, U300
provided non-inferior glycemic control to Lantus while significantly reducing hypoglycemia:
specifically in EDITION I both Lantus and U300 provided a 0.8% A1c reduction while U300
provided a 21% relative reduction in number of patients experiencing nocturnal hypoglycemia
(severe and/or confirmed) from month three to six.

▪ Management emphasized that measuring the number of people experiencing
hypoglycemia rather than simply hypoglycemic events was a more stringent measure
for hypoglycemia superiority.

▪ Notably, management confirmed during Q&A that the EDITION I extension study
examining a flexible dosing schedule will report results later this year.

▪ Lastly, management provided a financial update showing that Lyxumia reached 8% of
the GLP-1 market share by volume in Germany in its first 11 weeks. This was almost on
par with BMS/AZ's Bydureon. In Q&A management commented that Lyxumia is priced roughly at
parity with Byetta across markets.

▪ While Sanofi continues to aim for becoming a comprehensive diabetes care company,
the company remained very Lantus-centric on today's call - the presentation closed out
with a slide on multiple growth drivers to sustain Lantus growth, one of which was the opportunity
for combination therapy with Lyxumia.

Questions and Answers

Q: There seems to be an extension study for EDITION I exploring an adaptable injection
profile - when might that read out? You commented on the significance on nocturnal
hypoglycemia, what about the non-significance on overall?

A: Identification of the benefit of a product takes a large volume study. Characteristics of the patients in
EDITION I and II were quite unusual. One reason why did this study first was to stress test the product. If we
were going to find something meaningful here, the probability of the product to deliver could be speculated to
be really meaningful. These studies will be followed by other ones. What you see is consistency on
hypoglycemia wherever you look for it. In the degludec experience, the titration phase was problematic. The
meta-analysis often times showed that there was excess hypoglycemia during titration, and then it flipped.
However what you see with U300 glargine is consistency in the hypoglycemia benefit no matter when in the
trial you are. The extension study on EDITION I will report relatively soon. Studies will deliver as planned.
2013 is the year when all of the studies will be released.
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Q: Can you say you have not seen any CV event signals with U300 thus far? What's your level of
confidence that the FDA won't make you do a CVOT prior to approval? Can you remind us
what you're thinking in terms of timing for biosimilar Lantus in the US and Europe?

A: The molecular entity is identical. What changes between U300 and Lantus is the volume. The volume
delivers a different PK/PD. However the patient exposure - how much insulin present in blood stream of the
patient - is very similar to Lantus. What U300 does is redistribute the presence of insulin in the blood stream
so you have a super flat profile. Honestly it's hard to think of a rational for a CV study. In discussing and
hearing reactions to the presentation EDITION I at ADA from KOLs, no one considered that as a likely
request. One company has been announcing they are developing biosimilar glargine - Lilly. Based on
information we have, we could expect Lilly to be in position to launch in the US and in Europe by 2015.

Q: So you have not seen any CV signals with U300?

A: EDITION I is only one study, and it shows an absolute balance.

Q: The level of severe hypoglycemia was 5% with U300 vs. 5.7% for Lantus in EDITION I; that
was roughly 12% reduction. Is that meaningful? Especially against Tresiba, which showed a bit
less than 20% reduction? Do you think this may become a claim of superiority for marketing
purposes?

A: From a statistical point of view, this is inappropriate. Studies should have a pre-specified hypothesis being
tested. In this case, the relative risk for nocturnal hypoglycemia had a decrease of 21% in EDITION I and a
15% decrease in the degludec study. I think all we can do when we do studies is formulate hypothesis and test
them. If, afterwards, we initiate a post-hoc analysis, we obviously always find something. So what I would like
to say to you is that the assessment of severe hypoglycemia needs to come from a meta-analysis of all studies.
What we've seen here today is rarely seen with degludec - the consistency of information with hypoglycemia.
Although we only mention topline data for EDITION II, we were pleased to see the same consistency.

Q: One question on the EDITION program: it looks like Lilly is running a blinded trial for its
novel basal while your EDITION is entirely open label. What conversations did you have with
regulators? Does that matter? Additionally, on the price of Lyxumia - you've shown volume
share in Germany, what does that mean in terms of value share and Lyxumia pricing?

A: When preparing the phase 3 study, it was done in consultation with regulatory agencies. So the
characteristics of the study were ostensibly discussed. What creates a barrier to blinding in this case is the
device. So the possibility of carrying on the study was limited to having in unblinded, and this was obviously
part of our submitted dossier. On Lyxumia price, we can clearly say we don't want that to be a barrier to
market access. It is priced roughly at parity to Byetta across markets, which is similar to about 1.2 mg Victoza.

Q: Following up on the favorable PK/PD profile - can you give commentary on the timing and
flexibility of dosing vs. Lantus? Especially in the extreme dosing interval of eight to 40 hours
vs. Lantus' more rigorous 24-hour dosing plan.

A: Today what we have is what we've presented at ADA. We see the PK/PD in multiple doses suggest a longer
duration of action. We will explore how this translates into flexibility. Today we are limited to the information
we have, which is what you just saw. The tail of the glucose infusion rate appears to be significantly longer
with U300 when compared to Lantus.

Q: U300 is the same molecule as Lantus, so I guess it will be considered under an sNDA. So am
I correct in assuming you will have a six-month review by the FDA? Can you comment on the
risk of having an advisory committee meeting? On prices, apparently you have set the
precedent not to look for too high of a premium. Why not go for a high premium if you have
some good data like this confirmed in the next studies?

A: I can't comment from the point of view of the regulators, but what I can tell you is that we're planning to
submit the dossier in 2014. FDA has had an evolving approach to the requirement for advisory committee
meetings, so it would be purely speculative to give any answer. On pricing strategy, we consider that this
would be a new generation of insulin that really brings an added value for patients eligible to insulin. On the
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other hand, we don't want price to be barrier to broad expansion. So I am indicating that we would have a
price in the same range as Lantus, but potentially at a slight premium. It has nothing to do with the value
profile of the product that we are building, but we just don't want price to be a barrier to growth and
expansion to this new solution for people living with diabetes.

Additional Oral Therapies

Current Issue: Should Sulfonylureas Remain an Acceptable First-Line Add-On Therapy to
Metformin? (Supported by an unrestricted educational grant from Merck)

Session chair, Dr. Fred Whitehouse, opened by remarking upon how history repeats itself - at the ADA
scientific sessions in the 1970s they argued about what to do with SFUs, and here we are in 2013 debating
whether SFUs are an appropriate second-line agent.

PRO

Martin Abrahamson, MD (CMO, Joslin Diabetes Center, Boston, MA)

In front of a standing-room-only audience of roughly 1,000 people, Dr. Martin Abrahamson presented his
argument for why sulfonylureas should remain an acceptable add-on to metformin: the crux of his
argument was "why not" keep SFUs around when no good evidence exists for stopping their use? He argued
that, when used appropriately 1) there is no clear evidence that SFUs accelerate beta cell decline; there is no
evidence of increased beta cell apoptosis when used with metformin; 3) there is no evidence that they are less
safe than other medications when used appropriately; and 4) there is evidence that they are effective, cheap,
and well-tolerated. In our view, the caveat of "if used appropriately" is a huge one and represents a major
challenge for prescribers today - since other second-line agents like DPP-4 inhibitors that require less
prescriber hassle now exist, we would argue that this is a meaningful argument against using SFUs except in
the very poor where there is no other economic choice and metformin is contra-indicated. Dr. Abrahamson
identified the appropriate population for SFUs as younger patients early in disease progression with low risk
for hypoglycemia. Overall, while we found Dr. Abrahamson's argument to be well-prepared and thoughtful,
we did not find the arguments terribly convincing. After the panel discussion, a consensus seemed to form
between Drs. Abrahamson and Genuth that not all SFUs are created equal - they agreed that glyburide (aka
glibenclamide), should definitely not be used - and that SFUs are most appropriate for only a select group of
patients early in disease progression. See the table below for a summary of Dr. Abrahamson's comparison
of efficacy, tolerability, safety, durability, and cost of the various diabetes drug classes.

▪ Efficacy: Dr. Abrahamson presented data demonstrating that SFUs have great A1c-
lowering efficacy compared to other anti-diabetic agents. He presented data from a newly-
published meta-analysis demonstrating that SFUs lowered A1c by 1.5% when used as monotherapy
(median study duration was 16 weeks; baseline A1c ranged from 4.7-13.6%; Hirst et al., Diabetologia
2013). In the same study, SFUs added onto metformin or TZD lowered A1c an additional 1.6% (n=4
studies; duration 16-52 weeks; baseline A1c 7.5-9.5%). We note that these are relatively short studies
that would not capture SFUs' lack of durability. Additionally, he cited head-to-head comparative
effectiveness studies of liraglutide vs. glimepiride and liraglutide vs. sitagliptin, demonstrating that
while liraglutide and glimepride showed similar efficacy over 26 weeks, sitagliptin demonstrated
inferior efficacy to liraglutide (Nauck et al., Diabetes Care 2009; Pratley et al., Lancet 2010). He
concluded that SFUs, TZDs, GLP-1 agonists, and insulin are highly effective and that DPP-4
inhibitors are moderately effective. Most notably, Dr. Abrahamson presented evidence
demonstrating that half-maximal doses of glyburide and glipizide were just as effective as full doses,
suggesting that lower doses could be prescribed to minimize side effects (Hurren et al, Diabetologia
2013).

▪ Tolerability/side effects: Dr. Abrahamson argued that sulfonylureas were "highly
tolerable" with the side effects of weight gain and moderate risk of hypoglycemia. He
stated that in studies where SFUs have been used as comparators, there are usually no difference in
overall rates of adverse events - we speculate that this is because these trials are designed to
demonstrate that new agents are non-inferior to the existing standard of care, not to assess the
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safety of SFUs. He acknowledged that glyburide is the one SFU associated with more hypoglycemia
than the other SFUs. However, he cited UKPDS hypoglycemia data as evidence that other SFUs have
acceptable rates of hypoglycemia: in the UKPDS long term follow up, the rate of hypoglycemia in the
conventional, chlorpropromide, glyburide, and insulin groups, respectively was 0, 1.0, 1.4, and 1.8
per year. We found it quite odd that the rate of hypoglycemia on insulin would be so low and would
argue that relatively speaking, a hypoglycemia rate of >50% that of insulin is still quite undesirable.
Dr. Abrahamson concluded that SFUs are highly tolerable, more so than TZDs or GLP-1 agonists;
that the relevant side effects are hypoglycemia and weight gain; and that the risk for hypoglycemia is
moderate compared to a high risk on insulin and a low risk of TZDs, DPP-4 inhibitors, and GLP-1
agonists.

▪ CV safety: Dr. Abrahamson argued that CV safety of newer-generation SFUs is neutral.
While the UGDP study in the 1970s suggested that sulfonylurea use was associated with increased
CV harm, Dr. Abrahamson pointed to the UKPDS long-term follow up to show that the insulin/SFU
arm actually experienced a legacy effect reduction in overall mortality, any diabetes- related
endpoint, and myocardial infarction. Additionally, he stated that the BARI-2D study showed that
patients randomized to "insulin-sensitizing therapies vs. insulin-providing therapies" experienced
no difference in rates of survival or CV events. He concluded that SFUs, TZDs, and insulins have
neutral CV safety, whereas the CV safety of DPP-4 inhibitors and GLP-1 agonists is unknown (he did
not mention the recently-announced neutral results of Onglyza's SAVOR-TIMI trial [see more detail

at http://www.closeconcerns.com/knowledgebase/r/c4686fbb], nor the fact that pooled
analyses of CV risk for these classes suggest the possibility for CV benefit). Overall, given the chatter
about beta cell burnout in at least some SFUs, and given that almost everyone on SFUs gains weight
(negative for CV health by any definition) we thought arguing for neutrality was a leap - this may be
just because other classes have no questions.

▪ Durability: Dr. Abrahamson acknowledged that that there was evidence for lack of
durability when using glyburide as monotherapy, but stated that there was no
evidence for lack of durability of a metformin/SFU combination. In ADOPT, the time to
drug failure (defined as A1c ≥7%) was 2.75 years for glyburide, 3.7 years for metformin, and 4.75
years for rosiglitazone. He emphasized that this was not a combination therapy study and that
glyburide actually conferred better average glucose control during the first year. Dr. Abrahamson
suggested that since none of the drugs tested were sufficient as monotherapy, it was perhaps a moot
point to discuss monotherapy data and that combination therapy early in disease progression will be
necessary to get more people to goal. He showed that while glyburide by itself at supraphysiological
doses has produced beta cell apoptosis in in vivo models, this result has not been reproduced with
other SFUs. In addition, metformin appears to be protective on beta cell apoptosis, and there is no
data on the effect of metformin and SFU together on beta cell apoptosis.

▪ Finally, Dr. Abrahamson discussed the economic burden of treating hyperglycemia:
he argued that with diabetes costing the US $245 billion/year, and $18 billion of that
going towards antihyperglycemic medications, that cost was a significant factor to
consider. However, we would counter his argument by saying that since the costs of
hospitalization, inpatient care, and treating complications far outweighs the costs of medications
and supplies, that actually spending more on the best treatment options would be a better use of
money and potentially save money in the end. On an individual level, however, for patients who do
not have insurance and cannot afford any non-generic diabetes medications, of course we would
argue that cost for the individual becomes a significant consideration.

▪ Dr. Abrahamson's comparison of the efficacy, tolerability, safety, durability, and cost
associated with diabetes drugs:

SFU TZD DPP-4
Inhibitor

GLP-1
Agonist

Insulin

www.closeconcerns.com 156

/knowledgebase/r/c4686fbb


Efficacy High High Moderate High Highest

Tolerability High Moderate High Moderate High

Side effects Hypoglycemia

Weight gain

Edema, CHF,

Fractures

Weight gain

Rare

pancreatitis

GI

Rare

Pancreatitis

Hypoglycemia

Weight gain

Risk of
Hypoglycemia

Moderate Low Low Low High

CV Safety Neutral Neutral Unknown Unknown Neutral

Durability ? ? ? ? Yes

Cost Low Low/Mod High High Variable

CON

Saul Genuth, MD (Case Western Reserve University, Cleveland, OH)

Dr. Saul Genuth represented the con argument in the sulfonylurea debate. While he began by
acknowledging the merits of sulfonylureas, he then noted that many other drug classes are as effective as
SFUs (if not more) and also safer. He shared a wealth of data drawn from numerous clinical studies which
indicate that SFUs have comparable efficacy to TZDs, DPP-4 inhibitors, and GLP-1 agonists. He cited the
ADOPT study as an example, as it showed that glyburide provided inferior glycemic control compared to
rosiglitazone. Importantly, all three alternative drug classes have demonstrated a lower risk of
hypoglycemia compared to SFUs; furthermore, two classes (DPP-4 inhibitors and GLP-1 agonists) have
neutral or beneficial effects on body weight, compared to the weight gain seen with SFUs. Dr. Genuth
remarked that the cardiovascular data on SFUs to date has been generally poor and thus not conclusive. As
a result, he recommended that SFUs be moved to a lower tier in the ADA/EASD algorithm for type 2
diabetes. In concluding Dr. Genuth noted that the low cost of SFUs has real-world significance, and that the
medical community should fight to lower the prices of newer and safer therapies to increase patient access. .

▪ Sulfonylureas are no more effective than other drug classes at lowering A1c values. Dr.
Genuth acknowledged that combination therapy with SFUs and metformin led to a sizeable
reduction in A1c compared to either agent alone; however, the efficacy profile of this combination is
comparable to (or worse than) those of other drug classes. He began by comparing SFUs with TZDs -
two studies comparing glimepiride to pioglitazone showed comparable efficacy, while another
comparing gliclazide to pioglitazone also showed similar reductions in A1c. Dr. Genuth cited the
results of the ADOPT study, which showed that glyburide led more significantly more monotherapy
failure (sustained A1c above 8%) than TZDs. Moving on to incretin mimetics, he presented evidence
from clinical trials demonstrating incretins provide similar glycemic control compared to SFUs.

▪ Several studies indicate that SFUs have a worse safety profile compared to other drug
classes. To Dr. Genuth, this issue is the primary argument against the use of SFUs. Anatomical
studies have shown that SFUs lead to an increase in atheroma volume, increasing the risk for
adverse cardiovascular events. Dr. Genuth cited an epidemiological study that demonstrated a
higher cumulative incidence of cardiovascular disease death with SFUs compared to metformin
(Roumie et al., Ann Intern Med 2012), although he noted that the UKPDS did not show a similar
finding. Dr. Genuth then turned to the topic of hypoglycemia, starting with the joint ADA/Endocrine
Society workgroup statement that SFUs are the oral agents with the greatest risk for hypoglycemia.
Many of the same studies that investigated the comparative effectiveness of diabetes drug classes
showed that TZDs, GLP-1 agonists, and DPP-4 inhibitors resulted in substantially less hypoglycemia
than SFUs. Dr. Genuth mentioned other safety concerns associated with SFUs, including the
potential for adverse interactions with a wide range of drugs such as allopurinol, warfarin, ASA, and
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sulfonamides. He noted that SFUs can cause weight gain, while drug classes such as GLP-1 agonists
generally promote weight loss. Of note, one study showed that SFU use led to an increase in the
albumin/creatinine ratio compared to TZD use (Matthews et al., Diabetes Metab Res Rev 2005). Dr.
Genuth argued that these safety data convincingly demonstrate that SFUs should not occupy the
same tier on the FDA/EASD algorithm as other safer drug classes.

PANEL DISCUSSION

Martin Abrahamson, MD (CMO, Joslin Diabetes Center, Boston, MA); Saul Genuth, MD
(Cleveland Clinic, Cleveland, OH)

Q: In this day and age, when people come in with shopping bag of medications, why add
another pill? Why not get back on diet and lose some weight?

Dr. Abrahamson: I would be the first person to advocate for lifestyle as a major aspect of managing type 2
diabetes. I think the reality of what we've seen in clinic, what we see from clinical studies, is that diet and
exercise work to some degree, but adherence to that is difficult. Ultimately the majority of patients are going
to need medications in addition to metformin to manage their diabetes and get to goal. I think the challenge
when considering use of a SFU is to determine which patients are least likely to develop hypoglycemia. I will
commend my colleague Dr. Genuth for focusing on hypoglycemia as an issue, and I would agree with him. But
not withstanding that issue, for patients unlikely to develop hypoglycemia using low doses and who start
therapy early in the natural history of the disease, you'll have a positive impact on A1c, which will result in
favorable outcomes

Dr. Genuth: SFUs are most effective early in the disease. The UKPDS study began SFU treatment at time of
diagnosis. Already, though, these people had had type 2 diabetes probably 5-10 years before they showed up.
Lifestyle modification certainly is effective, but it doesn't last. My argument is it's not perverseness of patients
that we have to fight against; it's not that our physicians don't know how to teach people about exercise. I
believe that the inability to restrict caloric intake and the inability to exercise consistently are symptoms of
type 2 diabetes. I think patients are struggling against their disease. We're not struggling against their
perverseness.

Q: It seems like we have a hung jury. Since both speakers mentioned that the real bad actor is
glyburide, is the appropriate compromise to say that SFUs are still a reasonable option if we're
talking about the newer ones and we eliminate glyburide from the list?

Dr. Genuth: I think we should add to the compromise that we should restrict their use to people under age 70.

Dr. Abrahamson: It's amazing how early we are coming to consensus in this debate. I would concur. I would
say that glyburide is an inappropriate drug to use and should be removed from the market, and I agree with
Dr. Genuth that restrictions should be placed on its use regarding age. Still, the sad thing is that we've got a lot
of people developing this disease much earlier on than we would have like to imagine.

Q: I would like to add three comments - first, one big mistake is that we mix all SFUs in one
bag. It is very clear that glimepiride and longer-acting glipizide have much lower weight gain
than glyburide and short-acting glipizide. I refuse the argument for hypoglycemia and weight
gain with longer-acting SFUs. The other comment for Dr. Genuth - in trying to scare people
from hypoglycemia, you said that SFUs had a six-times higher risk for hypoglycemia than
DPP-4 inhibitors, but the absolute number of cases was low (about 1% in the DPP-4 arm).
Additionally, you mentioned hypoglycemia in the VADT and ACCORD trial, though everyone in
the audience understands that most hypoglycemia in those trials was caused by insulin. A final
point to Dr. Abrahamson - why do you say that CV safety is neutral? The UKPDS showed very
clearly that there was a cardioprotective legacy effect, so doesn't that show a CV benefit for
SFUs?

Dr. Genuth: Those are some valid points. I think any one case of serious hypoglycemia that results in death, is
too many because it's iatrogenic. So I'm less interested than you are in the actual incidence being low. I'm
more impressed that some people have died and still can die when SFUs are used inappropriately. I think

www.closeconcerns.com 158



we're beginning, as pointed out, to develop a consensus, which is a terrific outcome of this discussion, and
maybe we all should write the next paper with a little more common sense than the last one [Editor's note: we
believe he was referring to the 2012 ADA/EASD position statement].

Dr. Abrahamson: I think we must not draw too many conclusions about SFUs' cardiovascular benefit. The
UKPDS extension demonstrated that those randomized to intensive therapy had fewer CV events - that was a
manifestation of improved glycemic control rather than the specific impact of a drug. At least from my
argument perspective, I think these drugs are neutral, which to me is adequate grounds to say there's no
evidence to support that these drugs pose cardiovascular risk.

Dr. Genuth: You may have to remind me, Martin, but my memory for the legacy effect was that the legacy
effect was in the SFU/insulin group, so I'm reluctant to say that that demonstrates purely a SFU effect.

Q: We're looking here at only second-line drugs in trials that last only five years, which in
terms of this disease is relatively short term. In the long game, the thing that's going to limit us
in controlling our patients is hypoglycemia, and specifically hypoglycemia awareness. I think
we know that the more hypoglycemic patients have, the more they develop hypoglycemia
awareness. So if we're looking at how we responsibly give our patients drugs, I think we need
to accelerate hypoglycemia awareness.

Dr. Abrahamson: I think the point here is that nobody wants to cause hypoglycemia in the first place. What
you're referring to is the phenomenon of repeated episodes of hypoglycemia that increase hypoglycemia
awareness. We're all trying to prevent hypoglycemia in the first place. We want to use drugs safely and
effectively. I think, as Dr. Genuth said, we're coming to a consensus. A bad workman blames the tools, but in
reality we agree that glyburide is the one that shouldn't be used, but there are other sulfonylureas that, when
used appropriately, and particularly at low doses, especially to start off with, would be much less likely to
cause hypoglycemia. And then the issue of hypoglycemia awareness doesn't become an issue.

Dr. Genuth: That's very important. Also, we also haven't talked about insulin. It's clearly the most effective at
lowering glucose levels. One survey that surprised me showed that people with type 2 diabetes taking insulin
had one third the incidence of severe hypoglycemia compared to people with type 1 taking insulin. So insulin
treatment is even more dangerous compared to sulfonylureas. We have to use it, but we need to work hard to
educate our patients to help them avoid troublesome behavior.

Q: I just want to bring to your attention a recent JCEM paper that has shown if you give SFU as
a monotherapy, there is an increased risk of CV mortality. Obviously it is registry data, not an
RCT, but this is a recent paper.

Dr. Abrahamson: I'll allude to Dr. Genuth's work in the Annals of Internal Medicine showing that SFUs may
be associated with increased CV events compared to metformin. The point I'd like to make from that paper is
that the relative increase in CV events compared to metformin may be because metformin is associated with a
reduction in CV events. I think that's something none of us spoke about today because we all assume
metformin is the appropriate first-line drug. So with epidemiologic studies, you have to ask whether
metformin is reducing CV events, which may cause the comparator to show a relative increase.

Dr. Genuth: We can't make the separation, I agree.

Q: The first question I have is about the idea of taking the first generation sulfonylureas out of
use, or restricting their use like what we're doing right now with rosiglitazone. I was
wondering regarding second generation sulfonylureas, Dr. Genuth, don't you think that what
we need to do is prioritize and come in with another consensus and move sulfonylureas to a
second or third-line treatment rather denying them to patients who cannot afford more
expensive drugs?

Dr. Genuth: I am beginning to wonder if the sun is starting to set on sulfonylureas after 70 to 80 years of their
use. If we have a lot of alternatives, and if their price comes down, and if they prove to have CV safety, I think
sulfonylureas will have had their day.
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Dr. Abrahamson: I think we're all coming to broad agreement that you have to look at any particular drug and
compare it to what else is on the market, and look at the pluses and minuses of using the particular product. I
think that the GRADE study is going to be an important study, because includes all the common players,
although SGLT-2 inhibitors are unfortunately not going to be in the study because they are too new. This
study will ultimately help us determine which of the drugs we should be recommending as the most
appropriate first line therapy. It's a challenge for people in clinical practice to be given that wealth of
information to have to decide which drug is most appropriate to use first.

Dr. Genuth: I have another regret about the GRADE study. I think it should have included pioglitazone. The
reason I say that is that all these drug classes lower glucose by various mechanisms, but I think that TZDs are
unique in that they get at one of the primary pathophysiological problems of type 2 diabetes. They attack
insulin resistance directly through various in vitro pathways. I think that that reason alone should have meant
they were included, also because the GRADE study is studying pathophysiology.

Comment: Most of the rest of the world, like Korea where I come from, uses glipizide. In studies, the risk of
hypoglycemia with glipizide is the same to that of sitagliptin. The newer SFUs do not have the same risk of
hypoglycemia or weight gain.

Q: You pointed out that some of the sulfonylureas that are shorter acting may have a higher
risk of hypoglycemia. Data on glipizide are mostly on studies where they use the standard
release preparation rather than the longer preparation. Can you comment on that?

Dr. Abrahamson: I'm not aware that long preparation of glipizide is associated with increased risk of
hypoglycemia. If someone has data to refute that I'd be happy to see it.

Q: One additional argument about the risk analysis. In your data, glimepiride's risk was 0.8/
1,000 with glimepiride. At the same time we know lactic acidosis is 0.3/1,000. Then for
pancreatitis, about 2% of cases of pancreatitis can also cause death. With pioglitazone, there is
recent data on potential bladder cancer. In that risk analysis, are we willing to accept 0.8/
1,000 of severe hypoglycemia that can be treated?

Dr. Genuth: If your point is that the absolute risk of severe hypoglycemia is low with SFUs, yes you can define
low any way you want. But I would agree that the absolute risk is low. My point is simply that as a physician
we each have to decide whether we even want to impose that low risk on any individual patient we are
treating.

Dr. Abrahamson: I think there is ultimately is a risk/benefit analysis for any drug and any condition. Every
single drug you take, including metformin, has a risk associated with its use. If you use the drug when you
shouldn't use the drug, you increase the risk enormously. The data says there is a 0.3/1,000 rate of lactic
acidosis, but I haven't seen it in anyone with normal renal function. SFU has a risk of severe hypoglycemia, so
there is a higher risk for people susceptible to hypoglycemia. There is a risk of pancreatitis with incretin
mimetics; we don't know exactly the magnitude, but we as physicians need to tell patients about these risks,
however small they may be, and we need to do our damnedest best to avoid using drugs in people who might
develop complications.

Dr. Genuth: If we finally conclude that TZDs, when we have pioglitazone's PROActive results, have a CV
benefit, then the benefit/risk ratio of that drug will be considerably greater than SFUs - long or short acting.

Q: But we don't have the CV benefit with DPP-4 inhibitors or GLP-1 agonists - there is no
longer-term data.

Dr. Abrahamson: There is no long-term data yet. We await that data with interest.

Q: I just take up the point about glibenclamide. You're aware the WHO has recommended the
removal of glibenclamide from the essential drugs list for 65 and over. I really can't see any
justification for having glibenclamide on the market. The other point I wanted to challenge is
the comment that metformin has clearly been shown to have CV benefits. If you set aside the
epidemiological studies, the UKPDS is the only RCT that has shown a cardiovascular benefit
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for metformin, and systematic meta-analyses of metformin don't show a cardioprotective
effect.

Dr. Abrahamson: I was referring to the UKPDS data, and was only making the comment that when you look at
epidemiological comparator studies, and show a relative increase of an event of one particular product, that
you could say that the relative increase may be related to the fact that there was a relative decrease of the
other product. But your points are well taken. Most of the data from metformin showing a cardiovascular
benefit comes from UKPDS.

Dr. Genuth: This is unrelated, but I had showed proactive data showing that there was a reduced rate of stroke
and other outcomes with pioglitazone. But I meant to also warn that if you look at the whole population
studies, there is no advantage of pioglitazone over placebo regarding the primary outcome. It's hard to put too
much emphasis on a secondary finding when the primary finding wasn't significant.

Q: The point that I would make is in between the exchange of both speakers: for me, in
choosing an SFU I would consider three things: 1) Try to choose the right SFU. What I mean by
this is I tend to go for the newer agents or the second or third generation agents. 2) I need to
use the right dose of the SFU. Specifically what I mean is that in many studies out there, there
is actually clear data supporting use of SFUs at 50% of their maximal recommended dose,
which actually the speakers alluded to. 3) Choosing the so-called right patients. Again the
speakers mentioned this. You want to get the younger patient and patients without renal
impairment. Looking at these three facts, and probably cost as the fourth - maybe in a
developing country cost would be #1 - the net result is that you want to maximize benefits and
minimize risks while still keeping cost as an issue.

Dr. Abrahamson: We are all in what we call violent agreement. Thank you for those comments. I think we all
ideally like to practice that way.

Oral Sessions: New Information on DPP-4 Inhibition

GLUCOSE METABOLIC RESPONSES TO COLESEVELAM ALONE OR IN COMBINATION WITH
SITAGLIPTIN IN TYPE 2 DIABETES MELLITUS: A RANDOMIZED OPEN-LABEL
MECHANISM-OF-ACTION STUDY (379-OR)

Carine Beysen, DPhil (KineMed, Emeryville, CA)

Dr. Carine Beysen's group evaluated the mechanisms of colesevelam's (Daiichi Sankyo's Welchol in the US)
glycemic efficacy, both with and without sitagliptin (Merck's Januvia). In opening, Dr. Beysen noted that
experimental evidence suggests that the bile acid sequestrant colesevelam can improve glycemic control and
LDL levels in patients with type 2 diabetes (Fonseca et al., Diabetes Care 2008). Her 12-week study
randomized 50 participants to colesevelam (3.75 g/day) or to colesevelam plus sitagliptin (100 mg/day).
The monotherapy results confirmed that colesevelam decreases fasting plasma glucose levels, LDL
cholesterol, and postprandial glucagon secretion while increasing fasting plasma glucose clearance and
postprandial glycolysis. Alone, it does not significantly change A1c levels or body weight. Combining
colesevelam with sitagliptin resulted in additional benefits such as significantly increasing insulin and
GLP-1 concentrations. These early results indicate that colesevelam plus sitagliptin could hold promise as a
therapy for type 2 diabetes, especially in patients who could also benefit from colesevelam's beneficial effect
on LDL cholesterol. While not mentioned during the presentation, GI side effects (in particular constipation)
have been reported with colesevelam's use, and we're interested in whether this poses a barrier to the drug's
uptake.

Symposium: Diabetes in Older Adults (Supported by an independent educational grant from
Boehringer Ingelheim Pharmaceuticals, Inc. and Eli Lilly and Company)

SELECTING THE BEST PHARMACOLOGICAL AGENT FOR THE MANAGEMENT OF
DIABETES IN THE ELDERLY

Hermes Florez, MD, PhD (University of Miami Miller School of Medicine, Miami, FL)
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Dr. Hermes Florez presented risk/benefit analyses associated with several different treatments for type 2
diabetes in elderly patients: biguanides; sulfonylurea; meglitinides; dopamine-2 agonists; SGLT-2
inhibitors; DPP-4 inhibitors; and insulins. He highlighted vildagliptin (Novartis' Galvus) and the
INTERVAL trial as a step in the right direction for clinical trials that address the issues associated with
treating elderly diabetes patients. The INTERVAL trial focused on this patient population (including those
aged 75+years) and showed that patients on vildagliptin were more likely to achieve their individualized
A1c target compared to those on placebo. To conclude, Dr. Florez emphasized that the management of
diabetes in the elderly is complicated by factors such as costs and stigma, and that these issues must be
addressed adequately in the future, especially since this patient group is growing in number.

Novel Diabetes-Drug Development

Oral Sessions: Novel Therapeutics

APPROVAL OF NEW DIABETES THERAPEUTICS (CT-OR07)

Alexander Fleming, MD (President & CEO, Kinexum, Harpers Ferry, WV)

As a fitting introduction to the session, Dr. Alexander Fleming discussed ways to facilitate the approval of
promising diabetes therapies. As a former senior FDA official, Dr. Fleming was able to present a
particularly insightful and pragmatic view of the diabetes drug approval process. He began his talk by
discussing diabetes drugs that have recently been red-flagged for potential safety concerns, noting that the
FDA seems to be erring on the side of caution due to fears of cardiovascular and cancer risks. He predicted
that the regulatory environment would only grow more arduous in future years. To facilitate the
development of novel therapies in the face of these challenges, Dr. Fleming recommended the use of Large
Simple Trials (LSTs) conducted within healthcare systems, which retain the rigor of more commonly used
clinical trial designs while reducing costs and accelerating trial timelines. He also cited the need for a
stepwise approval system at the FDA, rather than the one-size-fits-all protocol that currently exists.

▪ The FDA will always struggle with the balance between ensuring drug safety and
facilitating rapid approval. Dr. Fleming noted that the pace of diabetes drug development has
accelerated rapidly in the new millennium, with an accompanying increase in drug safety concerns.
As examples, he cited the concerns regarding insulin analogs and tumors, liraglutide and thyroid
cancer, and rosiglitazone and cardiovascular death. Regarding the latter case, he expressed his
support for the FDA's new cardiovascular safety protocol for diabetes drugs, but noted that the
Avandia controversy was overblown. He emphasized that the results of non- prospective approaches
such as epidemiological studies or meta-analyses should not be overstated or overly accepted, given
the limitations of these study formats.

▪ Dr. Fleming forecasted that moving forward, the FDA regulatory process for diabetes
drugs will not get any easier. He noted that cancer signals have been raised in most classes of
diabetes drugs, and that cancer risk is harder to rule out than cardiovascular risk due to the low
frequency of cases and the long latency periods. He also recognized that large outcome trials like
SYNCHRONY (a phase 2 study of aleglitazar's CV risk) are typically not practical due to resources
limitations. Regarding efficacy trials, he acknowledged the potential merits of using postprandial
glucose levels as an endpoint instead of A1c reductions. However, he noted that postprandial glucose
spikes only contribute to about one-third of overall glycemia, and that A1c would continue to be the
primary endpoint recognized by the FDA

▪ Large Simple Trials (LSTs) can help facilitate the approval of novel therapies. Dr.
Fleming noted that LSTs are prospective and randomized, and fulfill many of the criteria for
standard phase 3 clinical trials. Although such trials cannot be used in the place of phase 3 trials, he
noted that they have been used to satisfy FDA safety guidance in past cases. LSTs differ from
standard trial paradigms in that they are conducted within healthcare networks, participation is
facilitated through simple web-based documentation, and per-patient costs are lower. These factors
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enable larger trials that can be completed sooner, with easier FDA adjudication and greater data
interpretability.

▪ The FDA must embrace a stepwise approval system for diabetes drugs. Dr. Fleming
stated that in such a system, drugs could initially be given a limited indication for a high-need group
in which the risk-reward balance is more favorable; following this, the review process would proceed
in a stepwise manner toward unrestricted approval. He noted that such a system would allow for
larger outcome studies that could be completed earlier and with more favorable economics. He also
emphasized that the FDA needs to move beyond indications that simply palliate the late-stage
manifestations of diabetes, and instead focus more on treating prediabetes.

Questions and Answers

Q: To do a cardiovascular study, you are pressured to get patients who are closer to having
events. They are more likely to have underlying cardiovascular disease, to be older, and to
have various impairments. What are your thoughts on testing the new class of drugs in
patients who have more advanced disease?

A: I believe this is exactly the rationale for a Large Simple Trial in the target population. Why do stress tests
for the drug in a population where the drug may not be important?

Q: One of the issues about the need for huge studies is that A1c as a risk factor is so much
weaker than other factors affecting cardiovascular disease such as cholesterol, meaning that
glucose-lowering studies must enroll three to six times as many subjects to show significance
compared to a cholesterol or blood pressure study. If you look at the data from trials in terms
of the number needed to treat as opposed to percentage reductions, we need to treat over a
hundred patients to prevent a cardiovascular single event.

A: I agree with just about everything you said, but I think we also have to agree that control of microvascular
complication risk is also important. We can do that with available products, but to your point, cardiovascular
residual risk is very difficult to address as simply a glycemic play.

Q: If you're 60 years old, with a hemoglobin A1c of 9%, you have a lifetime risk of blindness of
less than 1%. The number needed to treat for that group would be about 400. Because
macrovascular disease dominates the classical diabetes population, don't you think the main
focus has to be the macrovascular profile, and that we shouldn't get too bewitched with
microvascular factors?

A: I think we agree it's all about benefits and risk. Certainly, residual cardiovascular risk is a major issue in
people with diabetes, and that does overwhelm what you can do in an elderly patient in terms of
microvascular complications.

THE GLUCAGON RECEPTOR ANTAGONIST LY2409021 SIGNIFICANTLY LOWERS HBA1C
AND IS WELL TOLERATED IN PATIENTS WITH T2DM - A 24-WEEK PHASE 2 STUDY
(112-OR)

Christof Kazda, MD, PhD (Eli Lilly and Company, Suresnes, France)

Dr. Christof Kazda presented phase 2 data on Lilly's once-daily competitive glucagon antagonist
LY2409021. The 24-week study randomized 254 type 2 patients (treatment naïve or on metformin) to one of
three LY2409021 doses (2.5 mg, 10 mg, 20 mg) or placebo. At baseline, the participants had an average age
of 56 years, diabetes duration of six years, A1c of 8.0%, and BMI of 32 kg/m2. Notably, the completion rate
was quite low (ranging from 46% in the placebo group to 67% in the LY2409021 20 mg group) due to very
stringent criteria for loss of glycemic control (at which point patients were required to drop out). At 24
weeks, LY2409021 20 mg and 10 mg provided significantly greater A1c reductions (0.92% and 0.78%,
respectively) compared to placebo (0.15%; p<0.001 for both comparisons). The proportion of patients
achieving an A1c ≤6.5% was statistically significantly greater in these two LY2409021 arms compared to
placebo. The main safety analysis centered on the drug's effects on serum alanine aminotransferase levels:
while mild elevations in hepatic aminotransferases were observed, levels returned to baseline with
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continued treatment or after drug discontinuation. Consistent with previous observations, LY2409021
treatment led to increases in fasting plasma glucagon (three-to-four fold greater than baseline values),
which stabilized after four weeks of treatment and resolved with drug discontinuation. LY2409021 had no
clear effects on body weight, blood pressure, heart-rate, or plasma lipid levels, and the rates of
hypoglycemia were similar across all the study groups.

Questions and Answers

Q: Interesting study. I guess the baseline liver enzymes were in the normal range.
Unfortunately, many type 2 diabetes patients have elevated levels. So you have to study the
drug in more detail in such patients. Do you have any idea of the mechanism behind the
transient increase in transaminases?

A: We've been studying the mechanism very closely. It's a mechanism-of-action-based phenomenon because
other companies like Merck have also developed glucagon receptor antagonists and they saw the same
phenomenon. Obviously, it's not a toxic effect of this molecule itself; it's obviously related to the mechanism.
We have an ongoing study using magnetic resonance spectroscopy. In the animal experiments, even at doses
significantly higher than those used in humans, we didn't see any increase in ALT levels or any increases in
liver fat in the animals, so it's difficult to speculate on the mechanism behind this, but most likely it's linked to
the blockade of glucagon.

Q: You didn't see any significant hypoglycemia in your study here. If you took this drug with a
medication that causes hypoglycemia, would you expected a reduced counterregulation for
hypoglycemia?

A: That's an important question. We studied this in a hyperglycemic clamp study - under the presence of this
glucagon antagonist, in concentrations that were equal to the concentration of the molecule in the body at the
highest dose, we saw no change in the recovery from insulin-induced hypoglycemia. I agree that we still have
to do studies of this drug in combination with hypoglycemia-inducing agents.

Q: In all the animal models you will have hyperglucagonemia and alpha cell hyperplasia. Is
that a concern here and if so, how do you monitor for it?

A: What we are monitoring is plasma glucagon levels. These are the data I've shown to you. We have a three-
to-four-fold increase in glucagon levels at this dose; this is a competitive antagonist to the receptor. The
animal model you're pointing to is a complete knockout of the receptor where the increase in glucagon is
500-times as much as what we observed with our model. So I think that you cannot compare the two.

Q: When you have drug withdrawal, do the drops in glucagon levels match the drug PK?

A: That's completely right. The glucagon levels drop and the drop in glucagon nicely reflects the PK profile of
the compound. The half life is about 25 hours.

Q: Very nice presentation. You mentioned that you didn't see any steatosis in the animal
models. Did you study diabetic animals?

A: We didn't study diabetic animals.

Q: That's something you should do, because it makes a difference.

A: Yes, that's why we're doing magnetic resonance spectroscopy.

Q: Did the drug affect any parameters such as glycerol, ketone bodies - any of that sort?

A: We looked at free fatty acids, and the triglycerides did not change; the free fatty acids did not change at all.

Q: In your clamp studies, did you measure different hormones? Was there a difference in the
response?

A: Good point. When you measure all these response hormones, interestingly, there was absolutely no
difference in cortisol, growth hormone, or epinephrine. The only difference was a higher response in glucagon
to hypoglycemic events. The theory is that since this is a competitive antagonist, not an antibody, it could be
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pushed from the receptor by elevated glucagon concentration. That's why we think that the response to the
recovery of hypoglycemia was not different.

Oral Sessions: Gastrointestinal Regulation of Glucose Metabolism

OXYNTOMODULIN HAS SIGNIFICANT ACUTE GLUCOREGULATORY EFFECTS
COMPARABLE TO LIRAGLUTIDE IN SUBJECTS WITH TYPE 2 DIABETES (186-OR)

Sudha S. Shankar, MD (Merck Research Laboratories, Rahway, NJ)

Oxyntomodulin, a small naturally occurring protein secreted from the L cells of the small intestine, has been
shown to activate both the GLP-1 and glucagon receptors and to induce weight loss in people without
diabetes. Dr. Sudha Shankar's group hypothesized that oxyntomodulin could provide acute glucoregulatory
effects in people with type 2 diabetes, independent of weight loss. Her group's double blind, three-period
crossover trial randomized 12 type 2 patients to single doses of oxyntomodulin (continuous IV infusion at 3
pmol/kg/min), liraglutide (0.6 mg), or placebo. Following an overnight fast, the participants were placed
on a two-hour graded glucose infusion while receiving their assigned therapy. Both oxyntomodulin and
liraglutide led to improved glucose sensitivity, increased insulin response, lower plasma glucose levels, and
a blunting of glucose excursions.

▪ Dr. Shankar's study enrolled twelve type 2 patients who were taking metformin and
who had a mean baseline BMI of 28 kg/m2, A1c of 6.9%, and fasting plasma glucose of
129.7 mg/dl. The participants underwent a graded glucose infusion (GGI) procedure conducted at
tmax of liraglutide (0.6 mg) and steady-state of oxyntomodulin (3pmol/kg/min), which titrated
glucose in a stepwise fashion from 2 mg/kg/min to 10 mg/kg/min after two hours.

▪ Data showed that by the end of the graded glucose infusion procedure, oxyntomodulin
acutely stimulated insulin secretion, blunted glycemic excursions, and nearly restored
beta cells' response to glucose. Data showed that oxyntomodulin blunted the maximal glycemic
excursion and indicated that the blunting was due to an increase in the insulin secretion rate to
roughly 3 ng/min at the end of two hours compared to a more modest increase in insulin secretion
for the placebo group (p<0.001). Dr. Shankar noted that these results reflect a restored beta cell
responsivity to glucose as compared to placebo (p<0.001), nearly matching that of the healthy
volunteers.

▪ Dr. Shankar argued that the acute glucoregulatory effects of oxyntomodulin are
independent of weight loss and appear comparable to those of liraglutide. The glucose
levels observed during the GGI were not significantly different between oxyntomodulin and
liraglutide.

Questions and Answers

Q: Did you measure the plasma levels of oxyntomodulin? Were they constant during the
experiment?

A: Yes we did through mass spectrophotometry - it was the most reliable. For the second question, yes, we
sampled multiple times starting at baseline and through steady state. Oxyntomodulin, like GLP-1, has an
extremely short half-life so it achieved steady state quickly.

Q: It's nice to see that you can finally reproduce the findings from the 1980s. Are you saying
that this is this a pharmacological or physiological action?

A: This would be pharmacologic because the levels of oxyntomodulin are 1.5 times higher than the physiologic
levels you will see with a meal.

Q: Will it have a physiological effect at physiologic concentration?

A: We will have to figure it out, but we reported yesterday that for a fifth of the dose you administer, we do see
an increase in insulin secretion.
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Q: Well, I was just asking because all of the evidence over the past 30 years indicates that
oxyntomodulin is very unlikely to play a role in insulin secretion under physiologic
circumstances. That doesn't make it an uninteresting peptide in terms of pharmacology of
course but we just need to remember that - that this is not physiologic

A: Yes.

Q: Have you compared the insulin secretion rates during the liraglutide and oxyntomodulin
infusions?

A: So we looked at the insulin levels and insulin secretion rate, and oxyntomodulin has clearly shown an
increase in insulin. Interestingly, when compared to liraglutide, there is a blunting of insulin secretion rates.
Insulin secretion rates for liraglutide were higher than those of oxyntomodulin. At higher insulin secretion
rates, liraglutide provides just the same glycemic control as oxyntomodulin. We should conduct further
research to figure out why that would be.

Q: What about the glucagon affect?

A: We did not look at the glucagon effect because it is indirect. At a minimum, we don't see any worsening of
glycemic excursion because of glucagon.

Q: I noticed that there was a delayed response with insulin secretion; can you explain why?
Usually with GLP-1 analogs you see a rapid response.

A: This is a very dynamic state and we were looking at the change from baseline.

Oral Sessions: Novel Metabolic Mediators of Energy Homeostasis

THE MITOCHONDRIAL TARGET OF THIAZOLIDINEDIONES (MTOT): A NEW TARET FOR
INSULIN SENSITIZERS (30-OR)

Jerry Colca, PhD (Metabolic Solutions, Kalamazoo, MI)

Dr. Jerry Colca reviewed the discovery of the mTOT (mitochondrial target of thiazolidinediones) complex as
a novel target for insulin sensitizing agents. Initially, researchers uncovered a protein, later named Mpc2
(mitochondrial pyruvate carrier 2), which selectively cross-linked with a TZD-related probe, suggestive of a
potential site of action for the insulin sensitizers. Mpc2 was later shown to be associated with the mTOT
complex, identified from the mitochondrial membrane; given this complex appears to function in the
metabolism of pyruvate, a molecule central to the metabolic mechanisms of the cell, researchers
hypothesized the complex may allow for manipulation of metabolc regulation. Dr. Colca suggested that this
"mTOT hypothesis" implies that insulin sensitizers are able to coordinate cell- specific metabolic responses,
with increased fat oxidation, differentiation of brown adipose tissue, and activity of insulin-sensitizing and
anti-inflammatory pathways. We note that mTOT is the target of MSDC-0160 and MSDC-0602, two PPAR-
sparing insulin sensitizers currently being researched by Metabolic Solutions. These purportedly may be
able to produce a similar effect to the TZDs without the PPAR-associated side effect profile - promising
phase 2b data with MSDC-0160 was presented at ADA last year in 2012.

Oral Sessions: Gastrointestinal Regulation of Glucose Metabolism

ERADICATION OF GUT MICROBIOTA-EFFECT ON POSTPRANDIAL GLUCOSE METABOLISM
(192-OR)

Kristian Mikkelsen, MD (University Hospital, Gentofte, Copenhagen)

Dr. Kristian Mikkelsen presented data from a small human study that examined the impact of eradication of
intestinal bacteria on post-prandial glucose metabolism. 12 males with NGT were administered 500 mg
vancomycin, 40 mg of gentamicin, and 500 mg meropenem once daily for four days. The study participants
underwent a four-hour meal test prior to the initiation of treatment (day zero), following termination of
therapy on day four, and 42 days following initiation of therapy. Postprandial gallbladder emptying was
determined using ultrasonography. At baseline, the participants had an average age of 23 years, BMI of 23
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kg/m2, and A1c of 5.1%. Fecal cultivation on day four demonstrated no bacterial cultivation in samples
from six patients, significantly reduced bacterial cultivation in the remaining six patient samples, cultured
yeast in all 12 patient samples, and measurable antibiotic concentrations in all 12 patient samples. A
significant decrease in both incremental (p=0.04) and total area under the curve (p=0.02) for postprandial
glucose was observed between day zero and day four. However, there was no significant decrease in either
metric between day zero and day 42. Postprandial insulin response also decreased from day zero to day
four, but this difference was not statistically significant (p=0.06). Additionally, there were no statistically
significant differences observed in gallbladder emptying or gastric emptying between any of the time
points. Thus, Dr. Mikkelsen concluded that a four-day course of a broad-spectrum antibiotic cocktail was
associated with a small, brief, and reversible increase in glucose tolerance and a decrease insulin secretion.
He suggested that these results provide additional supportive evidence for an important role for intestinal
bacterial in human glucose homeostasis.

Posters

DELAYED-RELEASE METFORMIN MAY BE SUITABLE FOR USE IN DIABETES PATIENTS
WITH RENAL IMPAIRMENT WHO ARE CONTRAINDICATED FOR CURRENTLY AVAILABLE
METFORMIN FORMULATIONS (75-LB)

Ralph DeFronzo, John Buse, Jon Monteleone, Terri Kim, Sharon Skare, Alain Baron, and
Mark Fineman

Metformin, the most commonly prescribed agent for people with type 2 diabetes, is contraindicated in
patients with renal impairment due to the elevated risk of lactic acidosis caused by heightened plasma
metformin concentrations. Recently, however, it was discovered that metformin need not be systemically
circulated to exert its full effect. Instead, it can be directed to enteroendocrine L-cells in the small intestine. A
delayed release metformin (Met DR) was developed to minimize bioavailability and streamline metformin
delivery directly to the distal small intestine, which could help make this drug available to people with renal
impairment. A daily dose of 1000 mg Met DR significantly reduced systemic metformin exposure while
providing non-inferior in plasma glucose lowering relative to immediate release metformin (Met IR),
leading researchers to predict that Met DR may be tolerable in patients with renal impairment as well as
people who have difficulty taking metformin due to GI side effects. A population PK model was used to
predict metformin exposure (using AUC) after administration of Met DR, Met IR, or Met extended release
(XR) in normal patients and those with varying degrees of impaired renal function. Results of the model
indicate that 2,000 mg/day and 1,000 mg/day of Met DR in patients with severe renal impairment had
lower total metformin exposure than 2,000 mg daily Met IR or Met XR in patients with normal renal
function, with no diminishment in its ability to control glucose levels. The reductions in metformin exposure
and comparable glycemic efficacy anticipated with Met DR position it as a potentially viable and safe
treatment option for patients with type 2 diabetes and severe renal impairment. At the 7th annual TCYOD
and Close Concerns forum on day #4 at ADA, two notable panelists, Dr. Jim Gavin and Dr. Robert Henry,
spotlighted the enhanced metformin formulation as the most exciting unapproved drug in development. In
the words of the acclaimed Dr. Garvin, this advancement represents an "optimal way to repurpose a
lifecycle drug." Assuming early results carry out to phase 3, we are very excited about the improvements
this could bring to patients using this drug in monotherapy and in a variety of fixed dose combinations.

▪ By targeting Met DR (1,000 or 2,000 mg/day) delivery directly to the lower bowel of
patients with type 2 diabetes, Met plasma exposure was decreased by 45%-68%
compared to a 2,000 mg dose of commercially available metformin formulations. The
minimized metformin exposure with Met DR did not compromise its glucose-lowering capacity. In
fact, Met DR was as effective as Met IR at lowering plasma glucose and increasing concentrations of
gut satiety hormones, such as fasting and postprandial PYY and GLP-1. Furthermore, because the
entire dose of Met DR evaded the highly absorptive upper bowel and was delivered straight to the
site of action, smaller concentrations of metformin achieved the same glucose regulatory effect as a
maximum dose of currently available Met IR and Met XR (see ADA Poster 1087-P at
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http://ada.apprisor.org/epsAbstract.cfm?compid=1&id=1 for a complete summary of this facet of
the study).

▪ The median predicted AUCs (ng*h/ml) for 1000 mg Met DR in patients with normal,
mild, moderate and severe renal impairment were 2,936, 3,152, 3,497, and 4,144,
respectively. These predictions were significantly lower than those for 2,000 mg/day of Met XR or
IR (20,607 and 22,659 for normal renal function, and 29,074 and 31,606 for severely renal
impairment). Across all patients with any measure of renal impairment, the 1,000 mg/day and
2,000 mg/day doses of Met DR predicted substantially reduced total and peak metformin exposures
relative to 2,000 mg/day of Met IR or XR. Because the 1,000 mg/day of Met DR had lower total
metformin exposure but equivalent glycemic efficacy outcomes as the 2,000 mg/day Met DR, the
former concentration boasts the preferable risk/benefit profile and is being carried forward to future
studies.

A NOVEL GLUCAGON ANALOGUE, ZP-GA-1, DISPLAYS INCREASED CHEMICAL AND
PHYSICAL STABILITY IN LIQUID FORMULATION (404-P)

Ditte Riber, Francesca Macchi, Lise Giehm, Mette Svendgaard, Torben Østerlund, Pia
Nørregaard, Anders Valeur, and Trine Skovlund Neerup

Currently, native glucagon cannot be stored in liquid form for patient use due to its high incidence of
fibrillation and low solubility at physiologic conditions. Native glucagon can degrade in solution in less than
two weeks. Zealand Pharma investigated the comparative profiles of ZP-GA-1, its proprietary novel
glucagon analog, to native glucagon. ZP-GA-1 showed superior physical stability, excellent chemical
stability, comparable pharmacokinetics, potent glucagon receptor activation, and a similar
pharmacodynamics profile compared to native glucagon. This suggests ZP-GA-1 is a candidate for the
treatment and prevention of severe hypoglycemia, whether as a readily accessible rescue solution or in an
artificial pancreas.

▪ Solubility of ZP-GA-1 and native glucagon was screened in various buffers and at
different pH values. Native glucagon has low solubility (<1 mg/ml) at physiological conditions
(pH=7) and in the 5-7.5 pH range. In the studies, enhanced solubility ( ≥1 mg/ml) of native glucagon
was only found at pH 2.5-4. In contrast, ZP-GA-1 achieved enhanced solubility at physiological
conditions as well as at pH 2.5-7.5. Both forms of glucagon were assayed in Thioflavin T (ThT) for 14
days at 40oC at physiological pH to test for fibrillation and turbidity. Native glucagon fibrillated
within 24 hours and a notably higher turbidity than for ZP-GA-1 was observed. The chemical
stability was measured by placing the substances in buffer at 1 mg/ml at physiological pH for 90
days. Just after one week, glucagon showed a 51% degradation, whereas ZP-GA-1 degradation was
only 1.8%.

▪ The pharmacokinetics of native glucagon and ZP-GA-1 were comparable, each with a
short half-life and appropriate time to maximum concentration. When tested
intravenously and subcutaneously, the half-lives were more similar (5.21 minutes for glucagon and
5.15 minutes for ZP-GA-1) than when tested subcutaneously (13.0 minutes for glucagon and 32.4
minutes for ZP-GA-1). Time until maximum concentration in subcutaneous administration was
identical (8.33 minutes).

▪ ZP-GA-1 activated the glucagon receptor similarly to native glucagon, as evidenced by
the nearly superimposable graphs of concentration (nM) versus percent activation.
Acute glucose release was tested in rats using both forms of glucagon. The injection of ZP-GA-1
versus native glucagon showed comparable blood glucose releasing effects: time to maximal efficacy,
maximal glucose excursion, and time until blood glucose returns to normal/baseline levels. Overall,
the pharmacodynamics profile of native glucagon was retained in ZP-GA-1.
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A EUGLYCEMIC CLAMP PILOT SUTDY ASSESSING THE EFFECTS OF THE GLUCAGON
RECEPTOR ANTAGONIST LY2409021 ON 24-H INSULIN REQUIREMENT IN PATIENTS
WITH T1DM (64-LB)

Christof Kazda, Parag Garhyan, Ying Ding, Ronan Kelly, Thomas Hardy, and Christoph
Kapitza

This early-stage study investigated whether a glucagon receptor antagonist, LY2409021 (LY), could reduce
24-hour insulin requirement for people with type 1 diabetes. LY is currently in phase 2 for type 2 diabetes,
and the promising results of this study suggest it could also be of great value to people with type 1 diabetes
as an oral agent. Single oral doses of LY were administered to 20 patients while blood sugar was
maintained at 100 mg/dl with intravenous insulin. Patients at baseline were on average, 43 years old, had a
type 1 diabetes duration of 19 years, BMI of 27.7 kg/m2 and A1c of 7.6%. Patients were monitored for one
day on IV insulin with the euglycemic target, and on day 2 were randomized to a single dose of placebo
(n=4), 100 mg LY (n=8), or 300 mg LY (n=8) and were administered standard meals. On day 3, MDI/CSII
insulin therapy resumed. The mean placebo-adjusted reduction in insulin requirement between days 2 and 1
was 17% for LY 100 mg (p=0.046) and 20% for LY 300 mg (p=0.019). Increases in plasma glucagon were
dose-dependent. No increase in hypoglycemia frequency or severity was observed (though this is to be
expected in a euglycemic clamp study) and no consistent changes in plasma C-peptide, total or active GLP-1,
beta-hydroxybutyrate, lactate, free fatty acids, and triglycerides were observed (also not surprising given
the very short treatment duration). Next steps will be to determine if this result can be replicated outside of
a controlled setting. We are also curious whether glucagon antagonism in type 1 diabetes may delay
recovery from hypoglycemia. Big picture, we were very interested to see yet another oral examined for use
in type 1 diabetes and we will be following this compound closely.

PHARMACOKINETICS (PK) & PHARMACODYNAMICS (PD) OF FASIGLIFAM (THE GPR40
AGONIST TAK-875) AND GLIMEPIRIDE FOLLOWING CO-ADMINISTRATION IN SUBJECTS
WITH TYPE II DIABETES MELLITUS (T2DM) (1165-P)

Max Tsai, Ronald Lee, Majid Vakilynejad, Wencan Zhang, John Marcinak, and Xuejun Peng

This study aimed to investigate whether co-administration of glimepiride and the GPR40 agonist fasiglifam
(TAK-875) resulted in any drug-drug interactions. Patients were both male (n=20) and female (n=10) with
mean age 55.6 years, weight 90.8 kg (200.2 lbs), and BMI of 32.1 kg/m2. On the first day, all patients
(n=30) were given one 2 mg dose of glimepiride, which was followed by 50 mg once- daily fasiglifam on
days 3-19 and on day 18, glimepiride was administered in addition to fasiglifam. Co- administration did not
affect PK of either agent (Tmax for glimepiride was ~3 hrs and Tmax for fasiglifam ~4 hrs following dosing
of either co- or single administration). However, a single dose of glimepiride (2 mg) significantly affected
the steady-state PD of fasiglifam. Compared to fasiglifam alone, co-administration resulted in lower fasting
glucose AUEC (1.93 mmol*hr/l difference) and higher C-peptide (0.79 nmol*hr/l difference), insulin (61.66
pmol*hr/l difference), and glucagon (9.58 ng*hr/l difference) AUECs than fasiglifam alone (p<0.005 for all
markers). The authors conclude that this association indicates a possible synergistic effect on glycemic
control. The mechanism of action is proposed to be stimulation of insulin secretion via different pathways in
the pancreatic beta cells. The increase in glucagon secretion found when fasiglifam was given with
glimepiride may be due to a possible counter-regulatory mechanism involving the pancreatic beta cells. A
higher percentage of patients experienced treatment emergent adverse events after administration of
fasiglifam alone (67%) than glimepiride alone (17%), though the authors note that the exposure and
reporting period for fasiglifam was longer than for glimepiride.

▪ Subject inclusion criteria included diagnosis with type 2 diabetes, age 18-68 years,
naïve or maximum of two antidiabetic medications, fasting serum glucose (FSG) <360
mg/dl, A1c between 6-10%, fasting C-peptide concentration ≥0.8 ng/ml, and creatinine
clearnce of >60 ml/min. Exclusion criteria included history of proteinuria >300 mg/day from a
12-24 urine collection or albumin:creatine >300 µg/mg, history of severe hypglycemia (within past 4
weeks), history of gastrointestinal diseases (only those capable of influencing druge absorption), and
history of significant cardiovascular diseases (within past 1 year).
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THE HEPATOSELECTIVE GLUCOKINASE ACTIVATOR (GKA) PF-04991532, LOWERS HBA1C
AFTER 12-WEEKS OF DOSING IN PATIENTS WITH TYPE 2 DIABTES (T2DM) (1051-P)

David Kazierad, Jeffery Pfefferkorn, Arthur Bergman, Xin Wang, Timothy Rolph, and James
Rusnak

PF-04991532 (PF) is a hepatoselective (liver selective) glucokinase activator; Pfizer dropped the compound
from phase 2 development as of August 2012. This was a randomized, double-blind, placebo- controlled and
parallel group 12-week study examining the dose response of PF in patients with type 2 diabetes who were
receiving stable doses of metformin. Patients were administered doses either once (QD) or twice (BID) daily.
Sitagliptin (100 mg QD) was used as the comparator in each study (QD and BID). Patients in the QD arm
were administered PF 150 mg (n=52), 450 mg (n=54), or 750 mg (n=53) or control (100 mg QD sitagliptin,
n=54) or placebo (n=53). Patients in the BID study were administered PF 25 mg (n=49), 75 mg (n=50), 150
mg (n=50), or 300 mg (n=52) or control (100 mg QD sitagliptin, n=50) or placebo (n=50). Subject
characteristics at baseline were similar in the QD and BID groups (age 55-58 years and duration of type 2
diabetes 7 - 8 years), however baseline A1c was slightly lower overall in the BID arm (7.9-8.1%) than the QD
arm (8.0-8.6%). Findings indicated PF decreased A1c levels in a dose-dependent manner after 12 weeks. The
top QD dose conferred a ~0.6% placebo- adjusted A1c reduction compared to a ~0.7% placebo-adjusted
reduction on sitagliptin (p value not provided). The top BID dose conferred a ~0.5% placebo-adjusted A1c
reduction compared to ~0.4% on sitagliptin. Meanwhile, the top QD and BID doses increased triglycerides
by 16% and 19%, respectively, after 12 weeks (three patients from the BID group discontinued treatment due
to triglyceride increases). Both top doses also slightly increased ALT and AST liver enzymes. Hypoglycemia
incidence was low and comparable across all doses in QD and BID groups. With this modest efficacy and
fairly disagreeable side effect profile, Pfizer's decision to drop the compound seems very rational.

A1c Change from Baseline at 12 Weeks

PF-04991532QD Arm Placebo

150 mg QD 450 mg QD 750 mg QD

Sitagliptin 100
mg QD

Baseline N 43 44 44 43 48

Mean %
(SEM)

-0.08 (0.12) -0.00 (0.12) -0.57 (0.12) -0.66 (0.12) -0.79 (0.11)

A1c Change from Baseline at 12 Weeks

PF-04991532BID Arm Placebo

25 mg BID 75 mg
BID

150 mg
BID

300 mg
BID

Sitagliptin 100
mg QD

Baseline N 42 37 39 40 46 44

Mean %
(SEM)

-0.23 (0.10) -0.13 (0.11) -0.51

(0.10)

-0.47

(0.10)

-0.76

(0.09)

-0.66 (0.10)

Symposium: New Therapeutic Targets in Type 2 Diabetes Mellitus (Supported by BI and Lilly)

TARGETING GLUCOSE ABSORPTION AND EXCRETION

Bernard Zinman, MD (University of Toronto, Toronto, Canada)

Dr. Bernard Zinman discussed the modulation of glucose absorption and excretion in the treatment of type
2 diabetes, with a focus on the SGLT-2 inhibitors. Following a review of the role of SGLT-2 in glucose
reabsorption in the kidney and the rationale for its use as a therapeutic target, he highlighted topline results
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from a recent review (Taylor et al., Pharmacotherapy 2013) that summarized trial data from various
SGLT-2 inhibitors (BMS/AZ's dapagliflozin, J&J's canagliflozin, Lilly/BI's empagliflozin), suggesting in
general just less than 1.0% declines in A1c with consistent 2-3 kg (4-7 lbs) weight loss. Given the low risk of
hypoglycemia, weight loss, and declines in blood pressure observed with the class, he also voiced interest in
the eventual results from ongoing CV outcomes trials with the drugs; he additionally previewed an eight-
week pilot study evaluating the use of empagliflozin in type 1 diabetes patients that demonstrated an A1c
decline of 8.0% to 7.6% as well as reductions in insulin dosing and the incidence of hypoglycemic events, to
be presented in poster 1074-P.

▪ Dr. Zinman opened with a brief update on the alpha-glucosidase inhibitors as
modulators of glucose absorption. While widely used in Asia, these drugs (acarbose, voglibose,
miglitol) are used infrequently in the US, primarily due to GI adverse events. Dr. Zinman
highlighted, however, the results of the STOP-NIDDM trial, which suggested that acarbose may
produce a potential reduction in CV events (HR 0.51) versus placebo. This is currently being
followed up by the more appropriately powered ACE (Acarbose Cardiovascular Evaluation) trial,
which if positive, Dr. Zinman noted, could resurrect the drug class in the US.

▪ Dr. Zinman moved to the SGLT-2 inhibitors as modulators of glucose excretion.
Following a review of the role of SGLT-2 in glucose reabsorption in the kidney and the rationale for
its use as a therapeutic target, he detailed a recent study (DeFronzo et al., Diabetes Care 2013) that
explored the physiology of SGLT-2 inhibition. Using a stepped hyperglycemic clamp, the study
demonstrated increased glucose reabsorption in type 2 diabetes patients versus healthy controls,
with dapagliflozin (BMS/AZ's Forxiga) able to reduce reabsorption in both populations. The study
also confirmed the mechanism of action, showing that dapagliflozin could produce glucosuria in
both populations, even at very low glucose levels.

▪ Looking to clinical data, Dr. Zinman noted a recent review (Taylor et al.,
Pharmacotherapy 2013) that summarized trial data from various SGLT-2 inhibitors
(BMS/AZ's dapagliflozin, J&J's canagliflozin, Lilly/BI's empagliflozin). Highlighting
topline results, he suggested while in a wide range, in general the drug class produces just less than
1.0% declines in A1c with consistent 2-3 kg (4-7 lbs) weight loss. Looking to canagliflozin's and
empagliflozin's phase 3 data, he also stressed that the drugs could be combined with relatively any
other diabetes therapy and provide supplementary benefit, including metformin, sulfonylureas, and
thiazolidinediones.

▪ While no head-to-head comparisons of the SGLT-2 inhibitors exist, Dr. Zinman
highlighted comparisons between the drug class and sitagliptin and glipizide. The first
(Schernthaner et al., Diabetes Care 2013) was 52 weeks in duration and showed an initial similar
decline in A1c (~8.1% to ~7.2%) with both sitagliptin and canagliflozin, though sitagliptin patients
demonstrated more regain in A1c over the trial period. A 52-week trial of dapagliflozin versus
glipizide indicated an initial greater reduction in A1c with glipizide (-0.8% with glipizide vs. -0.5%
with dapagliflozin; baseline ~7.7%) though by 52 weeks there was no difference in A1c decline in
both groups (-0.5% vs. -0.5%) with more frequent hypoglycemic events in the glipizide- treated
patients.

▪ Though still theoretical, Dr. Zinman suggested there is reasoning to believe the drugs
could produce CV benefit, including the low risk of hypoglycemia, consistent weight
loss, and reduction in blood pressure observed with the class. Though he noted it was still
unclear when these trials would complete given their dependence on event rate, he looked forward
to the results of ongoing CV outcomes trials with the drugs including Empa-reg outcome
(empagliflozin vs. placebo; estimated completion March 2018), CANVAS (canagliflozin vs. placebo;
estimated completion June 2018), and DECLARE (dapagliflozin vs. placebo; estimated completion
April 2019).

▪ Dr. Zinman concluded by briefly touching on the potential use of SGLT-2 inhibitors in
type 1 diabetes. He previewed a poster to be presented this Sunday at ADA (1074-P) that was an
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eight-week, open-label, single-arm pilot study of empagliflozin in type 1 diabetes patients. While
without a control arm, patients showed an A1c decline of 8.0% to 7.6%, a reduction in insulin dosing
from 55 to 46 units per day, and a decline in incidence of hypoglycemic events from 0.12 to 0.04
events per day. Given the dearth of therapies for type 1 diabetes, we remain very interested in this
potential application.

Questions and Answers

Q: You should lose a pound a month by the calculation of carbohydrate loss. Why don't you see
continued weight loss?

A: I think it relates to homeostatic mechanisms that respond when the weight is lost.

Q: How can you justify the usage of these drugs when they don't really attack the underlying
pathophysiology of the disease?

A: It's true that you want to define the abnormality and attack the abnormality. The fact is that SGLT-2 is
upregulated in type 2 diabetes and an increased absorption is maladaptive, so in some ways I do think it
changes in the underlying pathophysiology.

TARGETING THE PANCREAS

John Leahy, MD (University of Vermont, Burlington, VT)

In a very engaging overview of specific pancreatic pathways that could serve as novel therapeutic targets,
Dr. John Leahy emphasized the importance of restoring beta cell function rather than attempting to control
glucose after beta cells have deteriorated. Dr. Leahy praised recent endeavors that have taken a closer look
at current biological knowledge to redefine therapeutic targets. Specifically, he cited the progress of GPR40
agonists such as TAK-875, which has demonstrated significant A1c reductions as well as impressive
improvements in beta cell insulin secretion (Takeda reported the first phase 3 data on TAK-875 in late May;

for full details, see our report at http://close.cx/TAK875phase3). Dr. Leahy also reviewed his own
work on the FoxO1 pathway, as well as the pathways involving Them27/Bace2, fractalkine, betatrophin,
GPR119, and glucokinase. He concluded that current drugs are limited, and that new therapies which target
the pancreas and beta cells should focus on ways to recover lost function while maintaining specificity to
ensure efficacy and safety.

▪ Dr. Leahy began by reviewing possible mechanisms of beta cell dysfunction and
current diabetes agents. Insulin, TZDs, and SGLT-2 inhibitors address glucotoxicity and
metabolic stress; incretin therapies correct for impaired incretin regulation; and IL-1 receptor
antagonists address islet inflammation. Dr. Leahy noted that none of these agents is necessarily
perfect, and that the bar for future therapies has risen to include weight stability, little or no
incidence of hypoglycemia, cardiovascular safety or protection, and a patient-friendly delivery
system.

▪ For the majority of his talk, Dr. Leahy discussed GPR40, a free fatty acid receptor that
promotes insulin secretion. GPR40 is expressed in beta cells, the hypothalamus, and intestinal
cells. While there is limited information on the involved signaling pathway in humans, Dr. Leahy
reviewed a study showing that GPR40 mRNA expression is significantly reduced in people with type
2 diabetes. Referencing the 12-week phase 2 trial of Takeda's TAK-875 (n=426), Dr. Leahy noted
that patients on all doses of TAK-875 with or without metformin experienced significant A1c
reductions compared to placebo from baselines A1c levels of 8.2-8.6%; furthermore, this glycemic
control was obtained without significant weight change. In addition, treatment with the 25 mg, 100
mg, and 200 mg doses of TAK-875 significantly improved insulin secretion from beta cells (for

further information, see our March 9, 2012 Closer Look at http://close.cx/TAK875phase2).

▪ Dr. Leahy believes some of the most exciting biology work has come out of identifying
potential pathways. Specifically, inhibitors of Them27/Bace2 lead to increases in beta cell mass
and soluble forms of fractalkine (CX3CL1) circulate and regulate beta cell differentiation. His own
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lab focuses on methods of activating the FoxO1 and PPARã signaling network - type 2 patients
exhibit diminished FoxO1 expression in their beta cells, a deficit which incretin hormones could
potentially address. Early research has shown recovery of normal cytoplasmic localization and re-
expression of FoxO1 upon treatment with a DPP-4 inhibitor. Dr. Leahy also mentioned the recently-
discovered molecule betatrophin, a widely publicized finding out of Dr. Doug Melton's lab.

▪ In concluding, Dr. Leahy briefly addressed a few other possible pancreatic targets,
including GPR119, glucokinase activators, and zinc. GPR119 binds short-chain fatty acids
and has a very different, lesser-known biology than GPR40 (though Dr. Leahy noted that the
receptor has direct beta cell effects likely mediated through cyclic AMP). Glucokinase activators
presented problems with controlling hypoglycemia, and Dr. Leahy remarked that they are now
directed toward suppression of hepatic glucose production.

THE ROLE OF INFLAMMATION IN ADIPOSE TISSUE AND SKELETAL MUSCLE OF TYPE 2
DIABETES

Robert Henry, MD (University of California at San Diego, La Jolla, CA)

Dr. Robert Henry gave a strong review of the role of inflammation in adipose tissue and skeletal muscle in
the development of type 2 diabetes. When fat calorie intake exceeds the buffering capacity of adipose tissue,
as seen in obesity, free fatty acid and triglyceride levels increase in circulation, interfering with insulin
action. Within the adipose tissue, obesity leads to progressive adipocyte hypertrophy, inflammation, and
macrophage and immune cell activation, creating a pro-inflammatory state. Evidence suggests these
pathways are all mediated through NF-κB, a downstream protein complex that controls the transcription of
inflammatory mediators; studies have suggested that this pathway can be manipulated to potential benefit
in type 2 diabetes.

▪ When fat calorie intake exceeds the buffering capacity of adipose tissue, such as seen
in obesity, free fatty acid and triglyceride levels begin to increase in circulation.
Adipose deposition can begin to occur in ectopic areas, with overflow stored in the viscera, liver,
muscle, pancreas, and heart, all leading to deleterious effects. There is a strong relationship between
visceral adipose tissue and insulin resistance as well as inflammatory cytokines, though it is still
unclear if visceral fat is a marker or cause of cardiovascular disease.

▪ Increased accumulation of fat can also alter the phenotype of adipose tissue, creating
a pro-inflammatory state. As known, adipose tissue is not dormant but produces numerous
endocrine and inflammatory signals. In addition to adipocytes, adipose tissue contains immune
cells, endothelial cells, and fibroblasts. Adipocyte hypertrophy induces cell stress and initiates an
inflammatory process, with increased macrophage and T cell recruitment and increased production
of pro-inflammatory adipokines; it is now known that once this process begins it is continually
maintained by leukocyte recruitment in a self-sustaining fashion. While data is more conflicting,
there is evidence that macrophage infiltration is increased in muscular tissue in obesity as well, with
increased inflammation as an intrinsic property of skeletal muscle in type 2 diabetes.

▪ Numerous stimuli initiate the inflammatory process, converging upon NF-κB, a
downstream protein complex that controls the transcription of inflammatory
mediators and serves as a regulator of pathways implicated in insulin resistance and
premature CVD. Dr. Henry noted stimulation by TNF, RAGE, Toll-like receptors, and IL-1
extracellularly and ceramide, reactive oxygen species, protein kinase C, and ER stress intracellularly.
The role of these signals in the development of diabetes, he suggested, was evidenced in the TINSAL
study, which demonstrated efficacy with salsalate (known to reduce NF- κB activity in adipose
tissue) in type 2 diabetes. Similarly, a recent study in high fat diet-induced obese mice showed
increased weight loss and improved insulin sensitivity with amlexanox, an inhibitor of the NF-κB
pathway.

▪ Based on this mechanism, Dr. Henry briefly concluded with a list of numerous
potential anti-inflammatory drug targets for type 2 diabetes. Many of these have been or
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are being pursued in clinical trials and included anti-CD3 antibodies, CCR2 antagonists, IL-1
inhibitors, IKK inhibitors, NF-κB antagonists, and anti-TNF antibodies.

TARGETING INSULIN RESISTANCE

Abd Tahrani, MD, PhD (University of Birmingham, Birmingham, UK)

Dr. Abd Tahrani gave a thorough overview of potential therapeutic targets in the complex insulin- signaling
cascade, emphasizing that insulin resistance is a multifactorial problem that requires multiple approaches.
Current approaches to insulin resistance include metformin, PPARã agonists, and bromocriptine. On this
front, he believes that targeting both the insulin receptor and post-receptor signaling pathways will lead to
novel therapeutics. Dr. Tahrani emphasized the need for insulin specificity, since these signaling pathways
have multiple downstream effects. He began with a discussion of insulin receptor activators, including
DMAQ-B1, Compound 2, and TLK16998, an insulin receptor sensitizer that enhances tyrosine kinase
activity only in the presence of insulin. Protein tyrosine phosphatase 1B (PTP-1B) inhibitors prevent
dephosphorylation of the insulin receptor beta subunit, relieving the negative regulation of the insulin
receptor - experimental studies have shown that mice on a high-fat diet treated with a PTP-1B inhibitor
exhibited glucose levels that approached those of mice on a low fat diet, suggesting that the drug increased
insulin sensitivity. Dr. Tahrani then discussed two approaches to targeting the post-receptor signaling
pathway: 1) activating the pathway's key activators (PI3K and AMP kinase); and 2) inhibiting its inhibitors
(PTEN) to restore insulin sensitivity. Noting the breadth of possibilities, he listed several other targets
currently under research, including 11âHSD inhibitors (glucocorticoid metabolism), resveratol
(inflammatory pathway), zinc, lithium, and various vitamins. He concluded with a look into his own
research on how sleep disorders increase insulin resistance, heighten inflammation, and impair glucose
control, suggesting that these sleep problems may be a novel treatment target to improve insulin resistance
at the metabolic level.

Symposium: The Future of Exercise Mimetics-New Insights Into Mechanisms of Exercise

RESVERATROL - MIMETIC FOR CALORIE RESTRICTION OR EXERCISE?

Patrick Schrauwen, PhD (Maastricht University, Maastricht, Netherlands)

Dr. Patrick Schrauwen reviewed the mechanism of action and beneficial effects of resveratrol, a compound
that has been shown to improve metabolic health in humans in a manner similar to exercise. Both exercise
and resveratrol activate PGC-1, increasing mitochondrial function and lipid droplet dynamics to improve
metabolic health. The latter effect results in increased skeletal muscle lipid content, mimicking the athlete's
paradox. In the latter portion of his presentation, Dr. Schrauwen reviewed data that supports resveratrol's
potential to improve metabolic health in people at risk for chronic metabolic diseases.

▪ Mitochondrial function is critical for the prevention of insulin resistance. Using two
types of lipid infusions (glycerol or triglyceride), Dr. Schrauwen's group induced insulin resistance
in healthy volunteers who had undergone 12 weeks of exercise training to improve their
mitochondrial function. The previous exercise training appeared to partly protect these participants
from lipid-induced insulin resistance. Dr. Schrauwen noted that not everyone enjoys exercising,
which prompted him to explore non-exercise means of improving mitochondrial function.

▪ Dr. Schrauwen reviewed data from his randomized double-blind 30-day crossover
study of 11 obese men (baseline BMI of 31.5 kg/m2) on resveratrol 150 mg/day or
placebo. After 30 days, participants on resveratrol saw a small reduction in plasma glucose and
insulin levels, including a lower HOMA index, compared to those on placebo (Timmers et al., Cell
Metabolism 2011). The resveratrol arm experienced a reduction in triglyceride levels, with an
indication that inflammation markers were also reduced; however, the compound had no effect on
body weight. Adipose tissue biopsies also showed an increase in mitochondrial respiration and
increased muscle fat. Dr. Schrauwen commented that resveratrol induced metabolic changes that
mimicked the effects of calorie restriction.
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▪ Dr. Schrauwen proposed that storing lipids in a safe way within the body could allow
people to avoid the harmful effects on insulin sensitivity. He explained that when the
PGC-1 pathway was overexpressed in mice, an increase in perilipins (PLINs) led to triglyceride
storage, which prevented lipid-induced insulin resistance. He remarked that although skeletal
muscles have more fat accumulation, elevated lipid droplet coat proteins may prevent lipotoxicity.

Questions and Answers

Q: You showed that the glucose went down a bit; have you done a glucose tolerance test?

A: No, so as I said, we have to do that. We used clamps. We didn't do a glucose tolerance test.

Q: What about functional health? Has anyone showed that it has improved exercise capacity or
metabolic function in humans?

A: We don't have that data, but we also would like to know. So far these have been studied in respect to
metabolic health, not exercise capacity. It might not have an effect in very lean or health or trained subjects.
We should have a look at that.

Q: You showed that metabolic rate was reduced but yet the people weren't gaining weight. Are
they eating less? What's happening at the myofibril level?

A: That we didn't study. Postprandial metabolic rate is lower, but we need long-term studies. Thirty days is
too little to see effects on body weight. It's difficult in humans because they can compensate in all kinds of
ways. Long-term studies are needed.

Q: Have you done any follow up studies? What you're showing is pretty dramatic lipid loading
in the muscle; what happens when they come off the drug?

A: You only know these results sometimes a year after the first subject has been stopped. We didn't design the
study like that so we don't know.

Symposium: China Medical Tribune Symposium-Updating Diabetes Research in China-From
Bench to Real World

TREATMENT OF DIABETES BY MICRORNA-145 TARGETED THERAPY

Renming Hu, MD, PhD (Fudan University, Shanghai, China)

Dr. Renming Hu discussed the potential of microRNA-145 to modulate chronic inflammation in patients
with type 2 diabetes by targeting the cytokine receptor osteoprotegerin (OPG). MicroRNAs, or miRNAs, are
small, non-coding RNA molecules between 19 and 22 nucleotides long that base-pair complementary mRNA
molecules to regulate their expression. miRNA-145 base-pairs with the 3' untranslated region of the OPG
gene, significantly inhibiting its expression. In mouse models, inhibition of OPG expression leads to a
reduction of macrophage infiltration. This reduces the release of inflammatory cytokines that normally
elevate blood sugar. Other downstream effects include improved glucose tolerance and reduced aortic
plaque lesions. Collectively, these potentially lower the risk of complications from diabetes and can prevent
or reduce cardiovascular disease. Dr. Hu is hopeful that miRNA-145 may be delivered to patients in an
injectable form in order to reap the benefits of reduced OPG expression, though much translational research
remains to be completed.

Questions and Answers

Q: You mentioned that this could become a potential drug target for type 2 diabetes. I was
wondering if you could educate the audience about how this basic research can be developed
into a drug?

A: It would be difficult; we've been working on this for six years. miRNA-145 would be injected into patients
with type 2 diabetes.

Q: Would there be safety concerns, like the autoimmune response we've observed with
GLP-1s?

www.closeconcerns.com 175



A: We would only need very low levels of miRNA-145 in newly diagnosed patients, so I don't think it would be
like GLP-1s; one physiologic dose would be enough.

Corporate Symposium: Targeting Glucagon in Type 1 and Type 2 Diabetes Mellitus (Sponsored
by Eli Lilly and Company)

NEW FRONTIERS IN INCRETIN THERAPY: THE CONTRIBUTION OF ALPHA CELL
SUPPRESSION

Tina Vilsbøll, MD (University of Copenhagen, Copenhagen, Denmark)

Dr. Tina Vilsbøll began her talk by noting that type 2 diabetes is a pathology of both alpha and beta cells.
Type 2 diabetes patients experience fasting hyperglucagonemia, along with a twofold increase in glucagon
secretion after meals because of L-cell action in the gut. Dr. Vilsbøll cited experimental evidence from Dr.
Michael Nauck's group demonstrating that GLP-1 inhibits glucagon secretion in a glucose-dependent
manner in type 2 diabetes patients. Although early research had focused on GLP-1's effects on insulin
secretion, studies have shown that the hormone's glucagonostatic and insulinotropic effects contribute
equally to its glucose-lowering actions; in type 1 diabetes patients, the glucose- lowering effect of GLP-1 is
mediated almost entirely by glucagon (Creutzfeldt et al., Diabetes Care 1996). Dr. Vilsbøll thinks that
GLP-1-based therapies could have great potential in type 1 diabetes, although she doubts that they would
ever function as patients' sole treatment. Getting back to type 2 diabetes, Dr. Vilsbøll said that she favors
long-acting GLP-1 agonists over shorter-acting alternatives because of their superior control of nighttime
glycemia. In terms of safety, GLP-1 agonists do not impair the counterregulatory glucagon response, and
some studies show that the alpha cell response during hypoglycemia is actually improved by GLP-1 therapy.

"GLUCAGON" THE FORGOTTEN HORMONE

Alan D. Cherrington, PhD (Vanderbilt University, Nashville, TN)

Dr. Alan Cherrington outlined the normal physiologic roles of glucagon, and argued that excess glucagon
contributes to the metabolic phenotypes of type 1 and type 2 diabetes. Glucagon is hepatocentric and
pleiotropic, with effects ranging from positive regulation of glycogenolysis and gluconeogenesis to negative
regulation of fatty acid and protein synthesis. It opposes the effects of insulin. Both dog and human studies
have demonstrated that the liver responds quickly to rises in glucagon by increasing net hepatic glucose
output; this is mediated by glycogenolysis rather than gluconeogenesis. Through its glycogenolytic effects,
glucagon sustains two-thirds of glucose production in the fasting state. Notably, glucagon is also involved in
glucose regulation in the postprandial state. In people with normal glucose tolerance, glucagon is typically
suppressed after a meal. However, in those with impaired glucose tolerance or type 2 diabetes, plasma
glucagon levels rise inappropriately in response to a meal, contributing to postprandial hyperglycemia.
Interestingly, studies have shown that glucagon is also involved in regulating glucose uptake by the liver
after a meal. Finally, in people without diabetes, glucagon protects against blood sugar falling too low; it is
the first line of defense against hypoglycemia. However, in those with type 1 diabetes, glucagon levels are
dysregulated, contributing to hypoglycemia. This landscape suggests that if we learned how to control
glucagon, we could improve the lives of people with diabetes.

DIRECT TARGETING OF GLUCAGON SIGNALING IN TYPE 2 DIABETES: DEFINING THE
POTENTIAL

David D'Alessio, MD (University of Cincinnati, Cincinnati, OH)

Dr. David D'Alessio began by reminding the audience of the glucagon-related defects seen in type 2 diabetes
- an increased ratio of alpha to beta cells, hyperglucagonemia, and impaired alpha cell function. He then
noted that preclinical studies have provided support for targeting glucagon as a therapeutic strategy and
went on to discuss the clinical status of this approach. Thus far, glucagon receptor antagonists have been
the main focus for drug development. Bayer was developing a glucagon receptor antagonist in the 1990s; in
early trials, the compound was shown to suppress hepatic glucose production. However, the compound's
development was halted before it finished clinical testing. Merck was also previously developing a glucagon
receptor antagonist; its compound lowered blood sugars in response to hyperglycemia, decreased fasting
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glucose in a dose-dependent fashion, and dropped A1c by 2%. This program was unexpectedly cancelled.
Lilly is currently developing a glucagon receptor antagonist. Its compound LY2409021 suppresses fasting
glucose and reduces A1c in a dose-dependent fashion. However, it seems to also increase plasma glucagon
levels and GLP-1 levels. Dr. D'Alessio concluded by noting that although glucagon receptor antagonism
seems promising, some concerns have emerged from preclinical and clinical trials. Preclinical studies have
suggested risks of alpha cell hyperplasia, abnormal lipid metabolism, and loss of beta cell stimulation.
Hyperglucagonemia and increases in LDL, blood pressure, body weight, and transaminases were seen in
early clinical trials. Thus, glucagon receptor antagonists will have to be carefully scrutinized in trials.

PANEL DISCUSSION

Alan D. Cherrington, PhD (Vanderbilt University Medical Center, Nashville, TN); David
D'Alessio, MD (University of Cincinnati, Cincinnati, OH); Tina Vilsbøll, MD (University of
Copenhagen, Copenhagen, Denmark)

Q: Here's a question for Tina. If GLP-1 increases somatostatin, shouldn't it also impair insulin
secretion?

Dr. Vilsbøll: That's a good question. It is right that in general somatostatin suppresses insulin as well. My
short answer is that we don't really know, but in spite of the action on insulin, there is a definite suppression
of glucagon.

Q: Is there dysregulation of glucagon secretion after bariatric surgery?

Dr. Vilsbøll: We have seen that GLP-1 does definitely go up after bariatric surgery, and there are discussions
about what happens with GIP. In general, glucagon is not changed very much, which is somewhat surprising.
There is a small decrease in some studies. But there are still many, many things that we do not know.

Dr. D'Alessio: Bariatric surgery is very confusing with regards to glucagon. In general we see improvements in
glucose tolerance even though glucose enters the blood more rapidly. And the resolution of diabetes is fairly
impressive. But what we see is that bariatric patients often have hyperglucagonemia after meals, which
doesn't fit with the rest of what we see. So that's a big question in the bariatric field right now.

Q: Is there any effect of somatostatin on GLP-1 secretion?

Dr. Cherrington: Certainly if you inhibit GLP-1, you would argue that that is going to make the diabetic state
worse. I think that as David said, when you use somatostatin as a tool or therapeutic agent, you need to be
aware that it has a lot of effects, including effects on growth hormone. There are some groups working on
developing a somatostatin that affects alpha cells.

Q: Would a combination of short- and long-acting GLP-1 agonists be worth considering?

Dr. Vilsbøll: It's a good question, because short acting GLP-1 agonists have their main effect on gastric
emptying, while longer-acting agonists act on insulin levels. We need to see some results, because it would be
an expensive treatment. I also see potential combinations of basal insulins and GLP-1 agonists, like IDegLira,
as very promising.

Q: Why did weight go up in some of the earlier studies on the Merck glucagon receptor
antagonist?

Dr. D'Alessio: That's not clear either, because generally hyperglucagonemia appears to be satiating, and
generally leads to weight loss. In preclinical models, glucagon receptor agonists cause weight loss. So it's not
clear why that happened, but it didn't look like a big effect.

Q: What about the future of these compounds?

Dr. D'Alessio: It's looking like a tempting target. It seems like it's a great way to lower glucose, but we need to
know more. I think people are enthusiastic but are somewhat trepidatious about possible effects.

Q: What time of the day is best to prescribe DPP-4 inhibitors?
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Dr. Vilsbøll: Overall the multiple DPP-4 inhibitors on the market are mostly the same, and are all generally
effective. The clinical data seems to show that they cover a full day, so time of the day for administration
shouldn't matter much.

Q: Can you elaborate on the differences between GLP-1 agonists and DPP-4 inhibitors
regarding type 1 diabetes?

Dr. Vilsbøll: As far as I know there aren't any studies on DPP-4 inhibitors in type 1 diabetes patients, so I don't
think that current patients see it as a potential treatment. In terms of the difference, GLP-1 agonists are more
effective, and can lead to weight loss. The combination of GLP-1s in obese type 1 patients is promising.

Q: What are glucagon's actions in the brain?

Dr. Cherrington: Clearly the liver is the primary target of glucagon. Receptors elsewhere don't end up doing
much in terms of overall physiology. As David mentioned there are some receptors in the heart, but you need
to get very high plasma levels of glucagon to see any effect there. But recently there has been a study in which
glucagon was infused directly into the brain, and showed that it had an inhibitory effect on glucose
production. There are a number of papers that also suggest this. The hypothesis has been put forward that
glucagon has a dual action on the liver: directly it stimulates the liver, but there is a secondary effect that
inhibits this stimulation. A related theory is that obesity in some cases can be caused by the failure of glucagon
to shut down its own signal. It's something to be aware of, as glucagon is a satiety factor.

Q: What types of individuals would benefit from a glucagon receptor blockade?

Dr. Cherrington: I think that it's pretty much anyone who's a type 2 diabetic. Whenever you lower glucagon,
things get better in terms of glucose. At this point, I think it's more important to get a glucagon receptor
antagonist that has low risk, and then decide whether there are patient populations that would benefit more
than others.

Q: What about people who have had pancreatectomies? What would happen treating these
patients with GLP-1 agonists?

Dr. Vilsbøll: I have never treated these patients with a GLP-1 agonist. Just a month ago, we initiated a study
on patients with total pancreatectomies. Here you have a model without beta cells or alpha cells either. The
reason we are studying these patients is because, if we see an increase in glucagon, then it's proof that it's
glucagon from the gastrointestinal tract. Regarding pancreatitis, we had wanted to do a study using DPP-4
inhibitors on patients with pancreatitis, but up until now it has been quite a challenge to do such a study.

Q: Do you know any association between dysregulation of glucagon secretion and insulin
resistance?

Dr. Cherrington: I don't think we know how the alpha cell goes wrong. Interestingly, if you create
hypoglycemia without using insulin, glucagon responds normally. It's the insulin-induced hypoglycemia that
leads to a defect. There's a lot about alpha cell biology that we don't know. There is a prevailing incretin
hypothesis that the alpha cell is bathed in the product of beta cells, so insulin made in the beta cells surrounds
alpha cells and inhibits glucagon, and in a diabetic patient that restraint isn't there. I'd be interested to see
how the GLP-1 receptor works along with that.

Dr. Vilsbøll Well the action of GLP-1 on alpha cells is debatable. I definitely agree that there are many things
we don't know.

Q: What do we know about changes in the expression of the glucagon receptor?

Dr. Cherrington: There is no consensus in the field regarding whether glucagon receptor expression is higher
in people with diabetes, nor is there data on glucagon sensitivity in individuals with diabetes. The strength of
the data is that there is too much glucagon. Whether or not there are signaling or receptor abnormalities
downstream is unclear. It's very difficult to measure glucagon. Ideally you would measure glucagon levels in
the portal vein rather than in arteries. It's hard to study receptor action when you don't have a great way of
measuring glucagon levels at the target tissues. As with most physiology around glucagon, a lot remains to be
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determined, partially because it is such a forgotten hormone. I think you'll see a lot of glucagon research over
the next 10 years that will result in translation to therapeutic opportunities.

Dr. Vilsbøll: There is also lots of opportunity to improve the glucagon assay. There are lots of challenges
involved with that, but we're beginning to see the light at the end of the tunnel.

Q: You mentioned that GLP-1 acts through somatostatin. Are there GLP-1 receptors on the beta
cell? Also, in patients taking GLP-1 agonists for a very long time, do you see delta cell
hyperplasia or small adenomas? And third, in evolutionary terms, why is there no GLP-1
receptor on alpha cells?

Dr. Vilsbøll: To the first question: there are GLP-1 receptors on the beta cells. Regarding the long-lasting
effects of GLP-1, I would imagine that sustained action on these cells could lead to some abnormalities, but
the clinical data on this is unclear. The FDA is examining the data they have. More than 16,000 rodents have
been evaluated, and in those animals there have been no signs of hyperplasia. We don't know, but to my
knowledge there is no evidence of delta cell tumors. And regarding the final question, I really don't know.

Dr. D'Alessio: It's a fair question though, because if you look at the studies that blocked physiological levels of
GLP-1, the glucagon effect comes out strong. Most of us think that it is an indirect effect, but it is tightly
regulated.

Q: If endogenous GLP-1 only exists in the body for a short time, and artificial analogs act for a
prolonged period of time, I'm wondering if altering these levels is truly a good thing in the
long term.

Dr. Vilsbøll: It's a good question, because we really are playing with physiology here. Physicians did note that
altering the expression of a hormone can alter the expression of the receptor, but studies do show that we're
seeing sustained effects. GLP-1 agonists have been on the market for a while now and we're seeing sustained
efficacy.

Q: Should glucagon only be inhibited during the daytime in order to avoid morning
hyperglycemia?

Dr. Vilsbøll: Maybe in type 1 diabetes, but generally in type 2 patients we don't see that much morning
hyperglycemia, and there is an advantage to suppressing glucagon during the night.

Dr. Cherrington: I agree that suppressing glucagon through day and night will give you the most bang for your
buck.

Basic Science

Special Lectures and Addresses

BANTING MEDAL FOR SCIENTIFIC ACHIEVEMENT AWARD LECTURE: GENETICS OF
DIABETES - A PERSONAL JOURNEY OF DISCOVERY

Graeme Bell, PhD (University of Chicago, Chicago, IL)

Dr. Graeme Bell began his acceptance speech by telling the story of his decades spent discovering diabetes-
linked genes. He gave thanks for the friends, colleagues, and institutions that made his work possible, and
paid tribute to fellow researchers who are no longer with us today. He then discussed two of the most
prominent families of genetic diabetes: maturity-onset diabetes of the young (MODY) and neonatal
diabetes. He noted that both terms encapsulate a diverse set of diseases with different genetic causes, each of
which has different treatment requirements. For example, HNF1A-related MODY requires sulfonylurea
treatment, whereas glucokinase-related MODY requires little to no intervention. He mentioned that the
frequent misdiagnosis of genetic forms of diabetes complicates the treatment process. He argued that early
genetic testing for diabetes-linked genes can lead to better outcomes and can potentially be cost-effective if
patients are properly pre-selected for testing. He also mentioned a new Drosophila model his lab is
currently using to clear the fog of genetic variability and discover new diabetes-linked genes. Echoing the
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sentiments of the Banting Award's namesake, he ended by saying that genetics is not a cure for diabetes but
can lead to better treatment.

▪ Dr. Bell has enjoyed a long career discovering genes that cause certain types of
diabetes. He spoke of working alongside other well-known researchers such as Drs. Kenneth
Polonsky and Nancy Cox, also of the University of Chicago. He noted that his group's discovery of
the first MODY genes was a significant technical accomplishment, especially given that there was no
map of the human genome to guide their efforts. He also mentioned more recent work in his lab to
study individuals from diverse genetic backgrounds to find new variation in diabetes- related genes
and proteins.

▪ Not all genetic forms of diabetes are created alike. Dr. Bell presented data on the different
glycemic profiles seen in different forms of MODY. He highlighted glucokinase-related MODY,
noting the minimal loss of glycemic control its patients experience and even arguing that it might
not be a true form of diabetes. He mentioned that monogenic diabetes can stem from a variety of
sources, including endoplasmic reticulum stress, ion channel disorders, or epigenetic changes.

▪ Genetic testing for inheritable forms of diabetes can be worthwhile in terms of both
patient outcomes and costs. Dr. Bell, who has long been concerned with the economics of
healthcare, presented an analysis demonstrating that genetic testing for MODY can be cost effective
if the cost of the test drops from $2,500 to $700, or if there is at least a 31% pick-up rate. He
suggested that such a rate could be achieved through proper pre-screening. In his view, such testing
would benefit patients tremendously, as both MODY and neonatal diabetes are frequently
misdiagnosed as type 1 or type 2 diabetes.

▪ The rate of discovery of new diabetes genes has slowed, but a new Drosophila model
could help accelerate the search. Dr. Bell noted that genetic variation might be covering up
certain milder genetic forms of the disease. The novel Drosophila model, currently being utilized in
Dr. Bell's lab, can help identify modifier genes that mediate this phenomenon. Dr. Bell stated that it
could be used to study the pathophysiology of misfolded human proinsulin, as well as other proteins
and pathways that could be involved in diabetes.

National Scientific & Health Care Achievement Awards Presentation and Outstanding
Scientific Achievements Award Lecture

INSULIN ACTION - BEYOND ITS CLASSIC TARGES (SPONSORED BY AN EDUCATIONAL
GRANT FROM LILLY USA, LLC)

Jens Brüning, MD (Max Planck Institute for Neurological Research, Koln, Germany)

To elucidate insulin's specific effects throughout the body, Dr. Jens Brüning and his team used the Cre- loxP
recombination system in a mouse model to knock out insulin receptor function in individual organs and
tissues. He began his presentation with insulin's better-understood targets, demonstrating that an insulin
receptor knockout in muscle cells led to the development of obesity, while a knockout in adipose tissue
protected against obesity and insulin resistance. Elimination of the insulin receptor in beta cells led to age-
dependent glucose intolerance, decreased islet size, and the onset of diabetes in obese mice, suggesting that
pancreatic insulin resistance might be sufficient to lead to beta cell failure in type 2 diabetes. The vast
majority of Dr. Brüning's talk was dedicated to insulin's actions in the central nervous system (CNS).
Knocking out all insulin receptors in the CNS led to mild increases in body weight and impaired systemic
insulin sensitivity, suggesting that the nervous system helps regulate overall glucose metabolism. More
targeted insulin receptor knockouts implicated specific neuron populations in the arctuate nucleus and
ventral tegmental area in the regulation of hepatic glucose production, leptin-linked metabolic regulation,
and hedonic feeding behavior. Dr. Brüning concluded by noting that a better understanding of the
neurocircuitry involved in metabolic control could lay the groundwork for more individualized therapies for
obesity and diabetes.
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Oral Sessions: Pathways to Beta Cell Apoptosis

STATE-OF-THE-ART LECTURE - NEW INSIGHTS INTO ISLET APOPTOSIS (IB-OR01)

Bruce Verchere, PhD (University of British Columbia, Vancouver, BC)

Several pathways are known to contribute to beta cell dysfunction and death in type 2 diabetes, and Dr.
Bruce Verchere focused this talk specifically on the role of islet amyloid polypeptide (IAPP) aggregates and
islet inflammation in mediating beta cell apoptosis. Dr. Verchere proposed a mechanism by which IAPP
aggregates may induce beta cell death via macrophage recruitment. He concluded by highlighting potential
targets for disrupting this pathway, including use of anti-TLR2 agents or anti-inflammatory drugs such as
IL-1Ra.

▪ The long-term success of transplanted human islets has been limited by progressive
graft failure, which is associated with rapid amyloid deposition. In accordance with this
observation, incubating cultured islets with peptide inhibitors of IAPP aggregation or suppressing
IAPP expression (which markedly decreases amyloid formation) restores islets to their normal states
and significantly reduces islet cell death.

▪ Dr. Verchere proceeded to propose a mechanism by which IAPP aggregates may
induce beta cell death. To begin, it has been found that transplanted islets expressing human
IAPP attract macrophages to the graft. Dr. Verchere speculated that increased macrophage
recruitment might be stimulated by chemokines, which are induced by human IAPP aggregates.
Macrophages are activated in order to incite the release of pro-inflammatory cytokines (such as
MCP-1, IL-1, and TNF-á), leading to islet inflammation and subsequent impairment and/or death.
To support this finding, treating islets with an IL-1 (a pro-inflammatory pathway) antagonist
alleviated amyloid formation.

▪ In further investigating the nature of the interaction between macrophages and IPP
aggregation, Dr. Verchere found that TLR2 and MyD88 are essential for the induction
of inflammatory cytokines by macrophages.

▪ Moreover, when macrophages are systematically depleted, there is a parallel
diminishment of pro-inflammatory cytokine production and islet amyloid formation,
substantiating the theory that macrophages are the major source of the IAPP- induced cytokines.

▪ Given this proposed mechanism of amyloid-induced inflammation, Dr. Verchere
concluded by highlighting potential sites where the pathway could be obstructed.
Options for therapeutic intervention include using anti-TLR2 agents or anti-inflammatory drugs
such as IL-1Ra. Both of these tactics would disrupt essential steps in the chain of events exacerbating
beta cell dysfunction and should be considered openings for future investigations on preventing islet
apoptosis.

Questions and Answers

Q: This process was found in vitro in a type 2 diabetes situation - does the chain of events
change in type 1 diabetes? You said that macrophages are activated, but the amount released is
far less than in a type 1 situation.

A: There are other things going on in type 1 besides cytokine and beta cell dysfunction. We are trying to
correlate expression of cytokines with macrophages and aggregations. We see improvements in beta cell
function (not death or mass), when we disrupt these systems.

Q: I am curious about the actual mechanism behind the formation of fibrils - is it a
consequence of IPP aggregation or the source?

A: The question is whether it forms within the cell or extracellulary. One could envision defects related to
trafficking or processing. We are interested in processing side of it. It could be an early defect in beta cell
secretary pathways or related to ER stress; it is something definitely worth exploring.
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Oral Sessions: Preclinical Metabolism-Macronutrients, Muscle, and Other Hormones

FUNCTIONAL ASSESSMENT OF SGLT3A, SGLT3B, SGLT4, AND SGLT5 IN GLUCOSE AND
FRUCTOSE METABOLISM USING SGLT KNOCK-OUT MICE (40-OR)

Masanori Fukazawa, PhD (Chugai Pharmaceutical Co., Ltd., Gotemba, Japan)

Although much is known about SGLT1 and SGLT2, the two major sodium-glucose co-transporters involved
in intestinal and renal glucose reabsorption, the in vivo functions or links to disease of SGLT3a, 3b, 4, and 5
remain poorly understood. By engineering knockout mice lacking SGLT 3a, 3b, 3a/3b, 4, and 5, Dr.
Masanori Fukazawa analyzed how these phenotypes affect glucose and fructose metabolism in order to
examine the potential of these SGLTs as drug targets.

▪ SGLT3a and 3b deficiency were not found to affect sodium homeostasis, suggesting that
SGLT3 has no significant function as a sodium transporter in vivo.

▪ SGLT4 was identified as a likely physiological mannose transporter in the kidney due
to increased urinary mannose excretion and constant plasma mannose levels under SGLT4
deficiency. Both urinary and plasma fructose and glucose levels were unchanged.

▪ SGLT5 may function as a mannose/fructose transporter in the kidney but exacerbates
fructose-induced hepatic steatosis (abnormal cellular lipid retention). SGLT5 deficiency
was associated with increased urinary mannose and fructose secretion and did not affect body
weight or glucose handling. The link between SGLT5 and hepatic lipid metabolism remains to be
further investigated.

Oral Sessions: Applications of Exome and Whole Genome Sequencing

WHOLE GENOME SEQUENCING TO IDENTIY VARIANTS INFLUENCING PRE-DIABETIC
TRAITS (323-OR)

Leslie J. Baier, PhD (NIDDK, Bethesda, MD)

Dr. Leslie Baier described a study that sequenced the genomes of 555 American Indians without diabetes to
identify genetic variants that affect prediabetic traits - i.e., acute insulin response, percent body fat, insulin-
stimulated glucose uptake, and two-hour glucose response to an oral glucose tolerance test (OGTT). The
investigators then genotyped 7,738 individuals from the Gila River Indian Community in Arizona (3,625 full
heritage Pima Indian, of whom 42% had type 2 diabetes, and 4,113 not full Pima, of whom 20% had type 2
diabetes) to evaluate whether the identified genetic variants were associated with type 2 diabetes. Dr. Baier
highlighted one notable genetic variant: an alanine-to-proline mutation at position 16 in the gene for
SH2B2, which binds to phosphorylated tyrosines and activates both Janus kinase-2 and the insulin receptor
protein. While the mutation was not found to be statistically significantly associated with type 2 diabetes
(p=0.1), it was associated with lower insulin-stimulated glucose uptake (p=1 x 10-5), higher fasting plasma
insulin levels (p=0.006), and higher adult and childhood BMI (p=9 x 10-4 and 0.004, respectively). Dr.
Baier acknowledged that these are only preliminary associations with metabolic traits, and noted that the
study benefited significantly from data provided by the International HapMap Project, which released a
haplotype map of the human genome in 2009.

Oral Sessions: The Good, the Bad, and the Brown Fat

RESVERATROL IMPROVES INSULIN SENSITIVITY IN CONCERT WITH REDUCED
INFLAMMATION AND "BROWNING" OF WHITE ADIPOSE TISSUE IN OBESE, INSULIN
RESISTANT HUMAN (99-OR)

Meredith Hawkins, MD, (Albert Einstein College of Medicine, Bronx, NY)

Dr. Meredith Hawkins discussed how the use of resveratrol for in vitro and mice models has been shown to
improve insulin action, oxidative stress, mitochondrial function, browning of white adipose tissue, and
adiponectin expression. Dr. Hawkins sees conflicting results in the evidence base as to whether resveratrol
produces any measurable health improvements in humans. Dr. Hawkins' notion that resveratrol holds
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promise for treating metabolic effects of adipose tissue in humans led her to investigate its efficacy in
humans. The randomized double-blind study included overweight insulin- resistant individuals (n=17) with
a BMI =28 kg/m2, HOMA-IR = 5.3, and age 55 years at baseline. These individuals were administered
either 2,000 mg/day (divided into two 1,000 mg doses) of resveratrol or placebo for 28 days. The results
indicated improved insulin-mediated glucose uptake in insulin resistant overweight humans, decreased
inflammation and oxidative stress markers in adipose tissue, promoted expression of brown fat genes in
white adipose tissue, and increased adiponectin expression in adipose tissue. Resveratrol may have
favorable effects on insulin sensitivity and adipose tissue biology in overweight insulin-resistant humans.

▪ Resveratrol was found to improve insulin mediated glucose uptake by 40% (p<0.05).
Patient inflammatory characteristics of adipose tissue were measured by the gene expression of
TNF-α,IL6 and PAL1, which are associated with inflammation in adipose tissue. The expression of
TNF-α, IF6 and PAL1 genes each decreased or trended downward with resveratrol treatment
(p<0.05). Macrophages were isolated from adipose tissue to determine whether this was associated
with a decrease from cells infiltrated with the resveratrol. Inflammatory gene expression in adipose
tissue macrophages was found to decrease, suggesting less inflammatory phenotype of these
macrophages following resveratrol treatment. The adipose tissue 8 isoprostane content (ng/g)
produced a small decrease post resveratrol treatment, suggesting decreased oxidative stress with
treatment. Brown fat gene expression trended upwards following treatment.

▪ Genes noted to characterize brown adipose tissue in humans were each measured and
their expression increased or trended upward following treatment. Immunofluorescence
was performed for UCP-1 and a 61% increase in positive immunofluorescence occurred after
treatment. Furthermore, when beige fat gene expression was examined, Dr. Hawkins observed an
upward trend in gene expression associated with beige fat. Fat biopsies of subcutaneous adipose
tissue revealed a 60% increase in adiponectin expression with a non-significant upward trend in
total adiponectin levels in the plasma following treatment.

Questions and Answers

Q: After 28 days of treatment, was there a change in body weight?

A: There was no observed change in body weight.

Q: Resveratrol has been thought to be somewhat labile. What is your thought?

A: We were using resveratrol from Rev Genetics after looking at many different companies. It was
administered twice daily. The levels from these studies are being analyzed at the NIH. We are aware that the
plasma levels are short lived and therefore we anticipate shortly after they obtain resveratrol orally, it is likely
the levels are low. Because there are active metabolites that circulate much longer, we proposed what we are
observing in long term studies are not related to moment by moment levels.

Q: Are you assaying the resveratrol?

A: Yes, for each batch, we perform analysis to ensure purity and uniform content.

Q: First, did you try to connect adipose tissue changes in relationship to whole body and did
you see a decrease in lipolysis or change in adipose tissue?

A: Because the clamp was performed under hyperinsulemic conditions, we saw suppression of FFA. We could
not determine any further subtle effects e.g., on lipolysis. We did not look at that per se, although it would be
interesting to examine the magnitude of the effects we observed with adipose tissue and whole body
sensitivity. What we previously reported, we examined mitochondria morphogenesis and gene expression in
muscle cell, and found these increased with the same dosage and duration of resveratrol.

Q: Why did you use 2,000 mg when other studies used 250mg/day?

A: These doses were recommended to us. Trying to translate plasma levels is difficult so, it was recommended
to use more generous levels because the doses in animals have been very favorable at high levels. I would not
wish to rule out that there could be other effects of resveratrol at smaller doses.
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Q: Did you have the time to look at calorimetry of these individuals to see if their energy
expenditure changed? You mentioned body weight did not change, but did body composition?

A: We are now in the process of doing the indirect calorimetry. Not all of the studies I showed were we able to
perform the indirect calorimetry. In terms of body composition, is gross skeletal muscle function so we
collaborated with neurologist in attempt to do multiple function of gain and muscle strength. But because
these were middle aged active individuals, we were not able to note gross improvement. We are now doing
measures of body fat, but haven't done details.

Q: Could you see increase browning through PET scans? Do you believe improvement in
sensitivity is from browning or is this from another effect?

A: The interesting thing about studying resveratrol, is that so many effects have been noted. To be able to
attribute improvements in insulin action in any one of these would be difficult. I would be very intrigued to
move forward and look at correlations. My own thought would be brown fat is not contributing in a major way
to improvement of insulin action.

Oral Sessions: Fat-The White and the Brown

PHARMACOLOGICAL INDUCTION OF PGC-1A BY HSP90 INHIBITORS (138-OR)

Jonathon Long, PhD, (Dana Farber Cancer Institute, Boston, MA)

Dr. Jonathon Long opened with a discussion of the potential for PGC-1á induction to act as an anti- diabetes
or anti-obesity therapy, since the transcriptional coactivator regulates adaptive thermogenesis. Using a
small molecule qPCR screen, they determined that the Hsp90 inhibitor of 17- AAG induces PGC-1á gene
expression. Dr. Long explained that treating lean mice with Hsp90 inhibitors significantly induced PGC-1á
expression in vivo in white and beige adipose tissue and initiated thermogenic processes. In genetically
obese mice with diabetes, Hsp90 inhibitors also dramatically reduced fasting glucose levels. He concluded
that enhancing energy expenditure at the adipose tissue level is a promising strategy to combat obesity, and
pursuing a pharmacological modulation of PGC-1á through Hsp90 inhibitors may lead to an effective
obesity therapy.

Meet the Expert Sessions

LIPOTOXICITY AND THE BETA CELL IN TYPE 2 DIABETES - BENCH TO BEDSIDE

Mandeep Bajaj, MD (Baylor College of Medicine, Houston, TX/USA)

Dr. Mandeep Bajaj spent the majority of his allotted time answering questions from the audience. To begin,
he briefly explained the relationship between lipotoxicity and the beta cell. He presented data on a study
exploring the effects of chronic lipid infusion in patient populations with genetic predispositions to type 2
diabetes. He summarized that in control patients with no history of type 2 diabetes, chronic lipid infusion
resulted in increased insulin response. Those with genetic predisposition, however, displayed a reduction in
insulin secretion rates. Secondly, treating patients with a history of diabetes with Acipomox (a drug that
lowers the level of circulating free fatty acids [FFAs]) restored insulin secretion levels. Studies suggested
that once lipotoxicity is established, there is an increase in beta cell apoptosis, and a retardation of glucose-
mediated beta cell proliferation. In response to an audience member asking, "Do you think it is too extreme
to say that lipotoxicity is the primary process in type 2 diabetes?" Dr. Bajaj responded that the answer to
this question is not straightforward. The dichotomy of response to lipotoxicity in patient populations with or
without a history of diabetes leads to questions about whether increased insulin secretion is due to
developing beta cell dysfunction down the road, or as result of heartier beta cells that secrete more insulin.
Dr. Bajaj noted that the complexity of the answer to this question reflects the consideration that beta cells
are the principle players in type 2 diabetes.

Questions and Answers

Q: What was the exact nature of the lipid you used?

www.closeconcerns.com 184



A: Very relevant question. Animal studies suggest that saturated fatty acids have a greater effect on insulin
secretion than unsaturated fatty acids.

Q: For the study do you see any age correlation? Secondly, do you think the lipotoxicity is
reversible? When you lower the high triglycerides, can you see restoration?

A: In terms of insulin secretion and beta cell function and mass, with aging it is a different story. Age itself
does affect insulin secretion, and that's why we chose younger children. For your second question, both in
rodent and human models, you can restore insulin secretion. In certain studies, it's hard to measure
triglycerides in the beta cell, but we can see pancreatic triglycerides. Also, with weight loss, we see a reduction
of pancreatic triglycerides and increase in beta cell function.

Q: Do you think it's too extreme to say that lipotoxicity is the primary process in type 2
diabetes?

A: That's a great question. I was going to pose it in a slightly different way, and that is to say there are two very
different responses in those with family history and those without. Number one, why is there this dichotomy?
Secondly, the fact that control individuals increase insulin secretion, what does that tell us about developed
beta cell dysfunction down the road? Or does it say that they have heartier beta cells that secrete more
insulin? That is to say, are beta cells the principle factor or player in type 2 diabetes pathogenesis?

Q: Under conditions of good basal insulin treatment, how is the ability to create lipotoxicity in
comparison to a state without insulin?

A: That's a good question. Dr. Butler, in his study, studied three groups (patients on diet, patients on SFUs,
patients on insulin) and found in all three the same process-increased beta cell apoptosis. This is a
predominant process, and is the same irrespective of what treatment they were on. In fact, he found this even
in those with no treatment.

Q: What about obese people? Is there anything to say about them?

A: If the patients don't have a history of type 2 diabetes, they can compensate. If you take healthy controls,
(metabolically normal) and you raise FFA above baseline, you get a same response-compensatory use of
insulin in terms of secretion, as you saw.

Q: The discrepancy of positive and negative family histories is very intriguing. Did you see
similar results in the Acipomox study?

A: We had to identify patients who had a family history, but normal glucose tolerance, and it was quite a
challenge. Many patients, even if they are lean, have abnormal glucose tolerance. Within normal glucose
tolerance, there is again a gradation. In subsequent work by Dr. DeFronzo's group, you see more impairment
in beta cell function. When you gave Acipomox, we saw exactly the same story there. Compared to people
without a family history, the baseline secretory rates were not very different. But I would caution, that as you
pointed out, in [patients with] higher levels of normal glucose tolerance, you will see a difference. Normal
glucose tolerance is across a spectrum.

Q: How does this translate to the clinical use of fish oil? In treating people with prediabetes or
people with family history, could fish oil potentially help the process?

A: It's a different factor all together. If you look at the results of the ORIGIN study where they did use fish oil,
you really saw no difference in terms of preventing type 2 diabetes. The second answer is when you use
omega-3 fat or fish oil, there is not much data in terms of looking at this long term except in the ORIGIN
study.

Q: Assuming that the genetics of type 2 diabetes involves a lot of genes, this study implies
almost that you do or you don't have genetic predisposition, but if there are a lot of genes, this
suggests a lot of difference in susceptibility. What do you think about that? If there are
multiple genes, there's more likely to be a continuum.
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A: Our data strongly suggests a primary beta cell defect in these individuals. These genes presumably give rise
to beta cell susceptibility, and it is these patients that are more likely to develop type 2 diabetes. I don't know
the answer to your question, but if I had to predict from GWAS studies, I would think that you have to add
some sort of defect in the beta cell. Beta cell function does also decline with age. Replication drops to almost
zero after the age of 30. This might mean that almost anyone is susceptible to a hit after a certain age.

Q: What's the role of incretins in all of this?

A: Sure, studies with glitazones show that lowering triglycerides within the beta cell and by lowering
circulating FFA, you do restore beta cell function. Certainly, from the ACT NOW study (pioglitazone for the
prevention of type 2 diabetes) there is a beneficial effect. A recent paper showed that free FFAs downgrade the
GLP-1 receptor in the beta cell. If you have a combination of lowering FFAs and incretin therapy, you're likely
to see better results in restoring beta cell secretion. We found that with incretin therapy, there is some synergy
with FFAs and triglyceride lowering. There is a new NIH function looking at a combination of these therapies,
because this is a key question.

Q: I'm curious about the ethnic identification of the patients in this study?

A: These studies were done in San Antonio. Most of the patients were Mexican. This research is being
repeated in Bangkok studying patients with a BMI around 21 kg/m2 -they were very clearly lean. The BMI
cutoff for patients of Asian descent is 23 kg/m2 for overweight . What she showed very clearly is that during
hyperglycemic clamps, in lean vs. obese patients with type 2 diabetes, the lean ones showed almost complete
loss of beta cell secretion that looked almost like type 1 diabetes. I would be cautious to say that in the very
lean, the predominant effect seems to be beta cell loss of function. A second study that Dr. Schumann did
looked at liver fat in lean Asians, Caucasians, African Americans, and Hispanics. These were normal glucose
tolerant, lean individuals, and he showed greater hepatic fat in the Asian populations. They already had early
impairment in beta cell function.

Symposium: Islet Autotransplantation Following Total Pancreatectomy for Chronic
Pancreatitis-State-of-the-Art

CURRENT PATHOPHYSIOLOGY OF CHRONIC PANCREATITIS INFORMED BY HUMAN
GENETICS

Timothy Gardner, MD (Dartmouth University, Lebanon, NH)

Dr. Timothy Gardner delivered an excellent a clear and very thoughtful presentation on genetic mutations
that affect the acinar and ductal cells of the exocrine pancreas, leading to chronic pancreatitis. After
reviewing the basic physiology of the exocrine pancreas' secretion processes, he discussed the implications
of mutations in the PRSS1 and CFTR genes, highlighting that these are the major genetic causes of chronic
pancreatitis. However, he cautioned that there is no clear link yet between genotype and phenotype, as
multiple mutations that differentially affect the transport process have been identified for each gene. He
concluded that while genetic testing can help inform clinical practices, much more work needs to be done. In
the meantime, genetic counseling should accompany all genetic testing so patients understand the
implications and limitations of the tests.

▪ Mutations in the PRSS1 gene are associated with premature activation of the digestive
enzyme trypsin, and subsequent pancreatic destruction. While the acinar cells of the
exocrine pancreas typically secrete inactive digestive enzyme precursors that are activated upon
entering the small intestine, about 20-30% of the pro-enzyme trypsinogen is activated in the
pancreas to become trypsin. Normally, this prematurely activated trypsin is eliminated. However,
autosomal dominant mutations in the PRSS1 gene (which encodes trypsin- 1) eliminate this fail-safe
mechanism, resulting in trypsin activation, pancreatic autodigestion, and subsequent pancreatitis.
Dr. Gardner explained that about 80% of people with this mutation have one episode of acute
pancreatitis, 50% develop chronic pancreatitis, and the risk of adenocarcinoma is as high as 40% by
age 70.
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▪ Mutations in the CFTR gene lead to chronic pancreatitis by disrupting the secretion of
bicarbonate by pancreatic ductal cells. The cystic fibrosis transmembrane conductance
regulator (CFTR) protein acts as an ion channel for chloride, creating an electrochemical gradient
that favors bicarbonate secretion. Mutations in CFTR are now known to be associated with a loss of
bicarbonate secretion and chronic pancreatitis. There are over 1,600 known mutations in CFTR,
resulting in a wide array of phenotypes based how much residual function there is left in the
transporter. Manifestations of CFTR mutations range from asthma to pancreatitis to classic cystic
fibrosis. Dr. Gardner estimated that 40% of chronic pancreatitis patients most likely have a CFTR
mutation.

▪ Dr. Gardner emphasized that even though sequencing a patient's genome and
identifying potential mutations may be relatively easy, it is not clear yet which
mutation matches which chronic pancreatitis phenotype. Due to the wide availability of
genetic testing, clinicians may have access to a patient's gene sequences, but this knowledge cannot
conclusively predict pancreatitis (although it can be informative in people with a family history of
the disease). Dr. Gardner thus questioned whether there is enough known about the specific genetic
causes of pancreatitis to offer testing, and to what degree testing should change management of
chronic pancreatitis.

Questions and Answers

Q: With regards to the CFTR mutations, you said one in 20 Caucasians had mutations. What
percentage will have a clinical presentation of pancreatitis?

A: That's a great question, but we don't know yet. In my world of pancreases, about 40% of my patients with
pancreatitis have a mutation of CFTR.

Q: What's the consequence of genetic testing? We don't even know the clinical associations, so
right now it seems like its more interesting scientifically.

A: I think that's a very fair point, and I like the conservative nature of that approach. We can do a lot of things
to patients when we don't know why they have chronic pancreatitis, things that are very invasive and
damaging. We even do things like taking out their pancreas and transplanting their islet cells. I think that
when you don't know the etiology of a patient's pancreatitis and you're considering such a dramatic surgery,
giving a genetic test may help sway treatment decisions a little bit one way or the other.

Q: Would you really base a surgery on genetic testing?

Absolutely not, it's all done with clinical signals in mind.

Q: Are any of these mutations involved in type 1 diabetes?

A: No, not that I know of.

Symposium: Lipid Signaling in the Beta Cell

LIPOTOXICITY AND INSULIN SECRETION VS. SENSITIVITY IN TYPE 2 DIABETES

Michael Roden, MD (Heinreich-Heine University, Düsseldorf, Germany)

Dr. Michael Roden provided a comprehensive and informative overview of the complex role of lipotoxicity
in the development of type 2 diabetes. The purpose of the presentation was to provide context and
background for the other talks in this symposium by distinguishing between factors related to insulin
secretion and sensitivity.

▪ Exogenous free fatty acids induce insulin resistance before stimulating insulin
secretion. In insulin-resistant humans, the disposition index (DI; used to quantify the ability of the
beta cell to compensate for insulin resistance, which decreases as the risk of diabetes increases) is
lower but can be ameliorated by lipid lowering. Endogenous free fatty acids relate positively to
glucose-induced insulin secretion but negatively to DI in people with type 2 diabetes.
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▪ Oral fat ingestion decreases insulin clearance and stimulates insulin secretion.
Increased free fatty acids do not significantly affect fasting hepatic glucose production but impair
fasting and insulin-stimulated muscle glucose disposal.

▪ In humans, the lipotoxic effect on muscle neither involves inflammation nor
ceramides but results from increases of (C18.2-containing) DAG followed by PKCθ
activation and serine phosphorylation of IRS-1.

▪ Elevated pancreatic fat has been suggested to relate to impaired insulin secretion.
However, intrapancreatic fat content is low even in overt type 2 diabetes.

FREE FATTY ACIDS AND BETA CELL PROLIFERATION

Laura C. Alonso, MD (University of Massachusetts, Worcester, MA)

In this talk, Dr. Laura Alonso presented a "whole animal physiology" approach to understanding how free
fatty acids influence beta cell proliferation. While hyperglycemia stimulates beta cell proliferation, in vivo
evidence in mouse models suggests excess free fatty acids prevent such glucose-induced proliferation. The
mechanism by which this inhibition occurs involves modulation of cell cycle regulators, with possible
relevance to human risk of developing type 2 diabetes.

▪ Remarkably, Dr. Alonso utilized a xenograft transplant model in which human
pancreatic islet cells were transplanted into mice in order to study the beta cell
proliferative response to glucose infusion. Understanding whether hyperglycemia increases
human beta cell proliferation is challenging due to the inaccessibility of human pancreatic cells in
vivo. Beta cell replication in all four human xenografts was found to be positively correlated with
increased glucose infusion levels, serving as a proof of principle: human beta cells proliferate in
response to hyperglycemia in vivo, validating mechanistic studies as well as mouse models for these
studies.

▪ Two types of fatty acids, linoleic and palmitic acid, restrict beta cell proliferation.
Obesity and insulin resistance increase insulin secretory load on the beta cell, yet individuals with
type 2 diabetes have reduced beta cell mass. Lipid infusion blocks glucose-stimulated beta cell
proliferation in vivo, with linoleic and palmitic acids specifically acting directly at the beta cell level.

Symposium: Milking the Genome-Wide Association Study (GWAS)-Practical Applications for
Metabolic Disease

IDENTIFYING PROTECTIVE METABOLIC PROFILES AND PATHWAYS

Ruth Loos, PhD (Icahn School of Medicine Mount Sinai, City, NY)

Dr. Ruth Loos provided an overview of the current state of obesity-related loci and the search for genes in
healthy obese individuals for the purpose of gaining new insights into biology. To date, there are 77 known
obesity-susceptibility loci (identified by GWAS). Many studies have been done on BMI and waist size, yet
these are not perfect risk markers: 15-45% of obese individuals are considered metabolically healthy obese
but some may still be at increased risk of CVD, type 2 diabetes and mortality. In contrast, 7-30% of normal
weight individuals are considered metabolically obese and are at increased risk of CVD, type 2 diabetes and
mortality. To not be considered healthy, having 1 or more cardiometabolic risk factors is required, as
defined by the NHANES study (1999-2004). Metabolically healthy obese individuals were found to be more
likely younger, female, and more active. Metabolically obese normal weight individuals were more likely
older, male, and less active. GWAS of body fat percentage identified a healthy obesity locus near IRS-1.

▪ dIRS-1 is associated with lower body fat percentage, and not associated with risk for
obesity. Meanwhile, it is associated with CVD, type 2 diabetes, and a poor lipid profile. The body
fat-lowering effect was found to be greater in men than in women. However, the gene only reduced
storage of subcutaneous fat and not visceral fat. Near the IRS-1 locus, functional implications
indicate association with lower omental fat. The locus near IRS-1 is associated with expression to
induce subcutaneous fat storage. Visceral fat leads to increased ectopic fat deposition, increasing
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insulin resistance, lowering adiponectin levels, and thereby creating a poor lipid profile and thus
increasing risk for type 2 diabetes and CVD.

▪ In a systematic genome wide search for healthy obesity genes, all publicly available
data was used via a systematic search using available single-trait GWAS data. Pairwise
GWAS comparison was used to define metabolically healthy obesity. 1,207 single nucleotide
polymorphisms (SNPs) were identified that clustered into 65 loci. PPARG , lypal-1, GRB-14,
COBLL-1, PPED, and Fami13A1 were identified as affecting health and/or fat percentages in
individuals. PPARG was identified as a healthy obesity locus, with the minor allele associated with
increased fat percentage, increased BMI, and decreased HDL, decreased glucose, decreased insulin
levels and decreased type 2 diabetes risk. Lypal-1 was associated with increased fat percentage,
increased HDL levels, decreased LDL levels, decreased insulin levels and decreased type 2 diabetes
risk (a similar profile as that of PPARG). PEPD was found to have no effect on BMI and fat
percentage, but was associated with an increased waist depreciation. FAM13A1 was associated with
decreased body fat percentage and HDL levels, and increased LDL and insulin levels and increased
type 2 diabetes risk.

▪ Characterizations of 775 metabolically obese individuals, with expression of 34,266
known and predicted genes were determined. Data from the liver, omental and
subcutaneous adipose tissue were recorded, and no difference between healthy and unhealthy obese
individuals was found with respect to lyplal-1. GRB-14 was expressed more in unhealthy obese
individuals. PEPD was expressed more in unhealthy obese individuals. Overall, 77 obesity loci were
identified and integrating GWAS discoveries from various traits, enabled the ability to provide
valuable insights into pathophysiology that links obesity to general populations.

Questions and Answers

Q: Could this be a relationship with the elderly and longevity? Is there a correlation here?

A: Good point. We haven't looked at that. Though, we do know that fat percentage-increasing alleles are
associated with increased risk for type 2 diabetes and protecting effects on lipid profiles.

BIOINFORMATIC INSIGHTS INTO DIABETES (EG-SY02)

Benjamin Voight, PhD (Perelman School of Medicine, Philadelphia, PA)

Dr. Benjamin Voight proposed a workflow that can be used to translate discoveries from human genetics for
type 2 diabetes into actionable insights. Currently available genetic resources for cardiometabolic traits and
type-2 diabetes include primary genome-wide association data, custom array genotyping, and whole-
genome sequencing, all of which are useful in identifying high-risk variants associated with disease.
However, Dr. Voight argued that achieving translational deliverables (linking a variant àà gene àà
networks àà allelic spectrum àà tissues àà biological processes àà population) requires new bioinformatics
tools. During the heart of his talk, Dr. Voight introduced several strategies for mining genetic databases to
build connective maps that help position a particular risk-variant within the larger disease network in
which it functions. He posited that genetic networks are structured, and that disease phenotypes are related
to these networks. One method for querying genomic data involves leveraging tissue-specific methylation
patterns to identify single nucleotide polymorphisms (SNPs) implicated in disease biology. This method has
already been proven relevant to diabetes research, as pancreatic islet cells and adult liver cells are often
enriched with methylation markers. Functional information can also be learned from mining chromatin
remodeling data, which uses next generation sequencing data to discern how remodeling events relate to
long-range enhancers and associated SNPs. A third approach involves conducting an annotation
enrichment analysis with gene sets and ontologies to reveal candidate pathways and mechanisms. Under
this method, one profiles a vector of phenotypes to learn more about the association(s) between certain
SNPs or genes. While Dr. Voight acknowledged the many challenges to extracting clinically meaningful
information from our abundance of complex genetic data, he expressed confidence that dissecting genetics
will help uncover the biological underpinnings of type 2 diabetes.

Questions and Answers
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Q: There is an assumption that the first steps are worked out - you presented a linear system.
Why is it that, independent of the very first steps, we don't combine initial analysis using
bioinformatics more?

A: I propose one vision. I'm interested in figuring out what genetics is telling us. I think the work-plan I
sketched gives us a great set of reagents with which to do other experiments, but that doesn't exclude more
aggressive, integrated experiments. I find those experiments hard to do, but other people can be successful
with them.

Q: I was inspired by this talk. I'm writing my dissertation, and we identified this one gene for
which the only information I could find was for a GWAS study on type 2 diabetes. I recognized
just now that it is from your paper.

A: The key with these sorts of experiments is figuring out if this association is just coincidental or if it's
actually meaningful in terms of underlying biology. I love relating SNPs to function - that's the promise of
these types of experiments.

Symposium: What's New in In Vivo Metabolism Study Methods? Informatics, Biomarkers, and
Imaging

NOVEL INDICES OF GLUCOSE METABOLISM: A HISTORICAL PERSPECTIVE OF WHERE
WE WERE AND WHERE WE ARE GOING

Robert Rizza, MD (Mayo Clinic, Rochester, MN)

In this technical review of in vivo measurements of insulin action and postprandial glucose metabolism, Dr.
Robert Rizza emphasized that researchers must always understand what they are really measuring. He
started with a review of one of the earliest studies of insulin sensitivity, in which Himsworth found that
older patients appeared more resistant to insulin (Lancet, 1936). Research took a step forward when Dr.
Ralph DeFronzo and others began using hyperinsulinemic/euglycemic clamps (Am J Physiol 1979), but
these experiments showed only steady-state conditions - not the dynamic postprandial state. A "minimal
model" of glucose-insulin dynamics under non-steady-state conditions was developed using glucose
injection experiments (Bergman et al., Am J Physiol 1979), and more recent models include the effects of
meals on endogenous glucose production (Dalla Man et al., Am J Physiol Endocrinol Metab 2013). To collect
real-life post-meal data, researchers developed the "dual-tracer" method, in which glucose-insulin behavior
is estimated using two types of labeled glucose: one that is eaten, another that is injected. The downside is
that dual-tracer studies require assumptions about glucose behavior during the non-steady state of the post-
meal period, and these assumptions can be wrong. The problem can be addressed by adding another
injection of labeled glucose. This "triple-tracer" method has been shown superior to the dual-tracer method
(Toffolo et al., Am J Physiol Endocrinol Metab 2006). However, Dr. Rizza suggested that next-generation
models could improve interpretation of dual-tracer studies, so that future experiments might not require all
three tracers.

Symposium: What's New in In Vivo Metabolism Study Methods? Informatics, Biomarkers, and
Imaging

GLUCOSE TURNOVER METHODOLOGY 101

Owen P. McGuinness, PhD (Vanderbilt University, Nashville, TN)

Dr. Owen McGuinness delivered an educational and informative talk regarding steady state analyses in the
context of glucose turnover and insulin resistance using the euglycemic clamp. He emphasized the
importance of reporting time course data when evaluating insulin resistance by measuring the glucose
infusion rate. A visual shift in the insulin dose response curve is more intuitively informative than simply
providing bar graphs displaying the basal glucose infusion rate.
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Research Funding

Meet the Expert Sessions

NATIONAL CENTER FOR ADVANCING TRANSLATION SCIENCES (NCATS), THE CLINICAL
AND TRANSLATIONAL SCIENCE AWARDS (CTSA) PROGRAM AND YOU - EVOLVING
STRATEGIES TO ACCELERATE TRANSLATION OF RESEARCH FROM ACADEMIA TO
COMMUNITIES

John Buse, MD, PhD (University of North Carolina, Chapel Hill, NC); John Clore, MD (VCU
Medical Center, Richmond, VA); Henry Ginsberg, MD (Columbia University, New York, NY);
Robert Rizza, MD (Mayo Clinic, Rochester, MN); Robert Sherwin, MD (Yale School of
Medicine, New Haven, CT)

This very informal meet the expert session focused on clinical and translational science awards (CTSAs), an
"evolving strategy from NIH to accelerate the translation of bench side findings to communities." There are
60 CTSAs across the country, and each has a variety of programs under it. Each speaker provided a brief
overview of CTSA activities at their institution. Remarks focused on the multidisciplinary research and
collaboration that CTSAs make possible ("CTSAs put people together," said Dr. Henry Ginsberg). Many
emphasized the key role CTSAs play in connecting basic science and clinical research experts. Other goals
include multidisciplinary education, connecting academia with industry, career development, and
establishing an infrastructure to make studies go more smoothly. We think the approach is very
encouraging and hope that it results in therapies moving into the clinical setting more quickly.

THE NIH IN THE ERA OF BUDGET CUTS - WHERE IS THE FUTURE?

Judith Fradkin, MD (NIH, Bethesda, MD)

Dr. Judith Fradkin provided an overview of NIH funding, one that we found fairly disconcerting overall.
Though she tried put things in a positive light, it was abundantly clear in her language that times are tough:
"We're in a downturn right now," "We're moving into a particularly difficult year," "We seem to be in a bit
of a trough right now," and "We have to hang in there." Her talk gave us a true sense of just how political
NIH funding is - she noted that the sequester ended up reducing the overall NIH budget by 5%. In addition,
since the Affordable Care Act was underfunded by Congress, an additional 0.8% was taken out of the NIH
budget and given to HHS. At NIDDK, this resulted in a 3.5% cut in non- competing R01s and a 20% decrease
in the amount of funds available for collaborative, large, multidisciplinary projects. Dr. Fradkin further
explained that next year' budget is unknown, though if the full sequester kicks in, NIH's budget could drop
by another 8-9%. She concluded optimistically, explaining that funding has historically been cyclical, there
is "strong bipartisan support for NIH research," and she does "think eventually the tide will turn in a
positive direction." We certainly hope so.

▪ In addition to its regular appropriation, NIDDK also has a specific appropriation for
type 1 diabetes. This program started in 1998 at the level of $30 million per year; it's now $150
million per year, and it is being given on a year-by-year basis. As a result, the advocacy groups that
advocate for special funding must go in every year and make a case to Congress (e.g., JDRF is a very
on top of this every year). Said Dr. Fradkin, "This is a very insecure pot of funds. [But] We've used it
to do a lot of very important things. It supports very major clinical studies on type 1 diabetes. It also
supports a lot of other resources. We support the national glycohemoglobin standardization. That
program standardizes A1c levels across labs nationwide. It's also been used for providing human
islets for basic research. There are a fair number of resources that are of importance. That's an
additional source of uncertainty for us in FY 15."

▪ "We at NIH are extremely accessible. Our phone numbers and emails are on the web. We have
descriptions of the programs that every person is responsible for. You can actually identify the
person who is most likely to cover your area of diabetes research. I would strongly encourage you to
contact those people, particularly if you are thinking about submitting a grant proposal."
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Selected Questions and Answers

Dr. Desmond Schatz (University of Florida, Gainesville, FL): This was very enlightening. We
all understand the situation. NIH and NIDDK is really doing all it can. I'm wondering about
the breakdown of the data you've given us today as it relates to basic research. What about
more clinical research involving human subjects? Is more money spent in mouse and non-
human studies?

A: I think it's about 40% of grants actually involve human subjects. This may be bio-samples and not
necessarily clinical research. I think this is true for NIDDK and NIH as a whole. The information is actually
posted on the NIH website. There's a tool called Reporter which gives you a huge amount of information. In
terms of special funding for type 1 diabetes, about 2/3 of that has been used for clinical research. That's clearly
an appropriation focused on clinical research.

Q: What's the percentage of investigator initiated awards, and how has that changed?

A: We have dramatically cut back on requests for applications and specific funding opportunity
announcements as a result of the sequester. There were some new things in the works before the sequester
came about that are just now coming to fruition. Particularly for NIDDK, we have a couple of major new
clinical trials that are just getting started. In general, the institute tries to keep the proportion of funds in
clinical trials relatively constant. When something new starts, something old has to end.

The new clinical trial that we have going right now, GRADE, is a comparative effectiveness study. It's
answering what is the best to add to metformin. That's the kind of study that would never be done by industry.
The kinds of clinical studies that we do are things that wouldn't be done by industry. DCCT/EDIC is
celebrating a symposium here. The Look Ahead trial is also here. Those trials are the kinds that industry
wouldn't support. These kinds of studies are those we do feel that are important, even in tight fiscal times, to
address the most pressing clinical research questions. When the NIDDK Director goes to testify to Congress,
he discusses the results of big clinical trials. When you tell Congress, "30 years post DCCT, the rate of chronic
kidney disease is cut in half," those are the kinds of things that do resonate with Congress.

It's important for public health, and the health of the budget, that we are in fact doing clinical research that is
impactful. We're going to have very few requests for applications for basic science. We did a lot of that in the
two years of era funding, and we're now just seeing the results of that. It really shows what you can do. We
had initiatives on brown fat, bariatric surgery, and a lot of studies we're seeing reported emanated from that
extra infusion of funding. We are surveying the landscape and trying to figure out what are the key
opportunities.

Q: Can you comment on the role of PCORI grants vs. NIH grants?

A: The diabetes community is very lucky - the new PCORI leader has a long term interest in diabetes. They
have about half a billion dollars per year. They do not accept unsolicited applications. They put out funding
opportunity announcements. The focus of PCORI is on patient reported outcomes. Patients must be part of
the team that develops the research. I'm hoping that many of the clinical trials will have quality of life
measures. We're hoping we may be able to develop those in a way that could make them appealing to PCORI
and eligible for their funding. The way PCORI is set up, the funding is time limited - it goes through 2019.
That is the period where they must show what they've accomplished. They are very interested in ancillary
studies - things that are potentially able to get results fairly quickly. They must show results fairly quickly if
they want to continue.

Cardiovascular Disease and Other Complications

Oral Sessions: Epidemiology of Diabetes Complications and Mortality

VALIDATION OF UKPDS RISK ENGINE PREDICTIONS AMONG PATIENTS WITH TYPE 2
DIABETES ROUTINELY MANAGED IN UK PRIMARY CARE (276-OR)

Christian Bannister BSc, MSc (Cardiff University, Cardiff, United Kingdom)
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Christian Bannister presented results of a study that evaluated the performance of the United Kingdom
Prospective Study Risk Engine (UKPDS-RE), the best-known cardiovascular risk prediction model for
patients with type 2 diabetes. Bannister conducted this study with the rationale that results of previous
validation studies had small samples and were inaccurate, variable, and conflicting. This recent large- scale
study evaluated UKPDS-RE's ability to predict the 10-year risk of coronary heart disease (CHD), stroke,
fatal CHD, and fatal stroke in UK patients. The results showed that while the stroke and fatal stroke models
demonstrated relatively accurate predictions, the CHD models significantly over-predicted risk. Bannister
explained that this disagreement between observed and predicted risk may be caused by differences in the
study populations as well as secular changes in diabetes management. He concluded that although UPKDS-
RE is still being used to inform decision making, a new risk model is needed to more accurately predict risk
for the modern era of diabetes care.

▪ Bannister described the UKPDS risk engine, which was based on results of the UKPDS
randomized trial of 5,102 patients between 1977 and 1997. The risk engine has been
recommended by governmental agencies for clinical decision-making in the UK and in other
countries. In addition, it has been used to predict outcomes in clinical studies as well as for health
economic evaluation.

▪ This validation study used routinely collected data from the Clinical Practice Research
Datalink (CPRD), a primary care, hospital, and national mortality register. According to
Bannister, the data were collected from a representative sample of approximately six million active
patients from the UK. These data have been retrospectively collected since 1980. The patients were
selected based on diagnostic and drug codes indicative of type 2 diabetes, and all selected patients
were free of cardiovascular disease at baseline. Outcomes were based on the first observed
diagnoses.

▪ The results showed that females have a slightly higher C-index for CHD, fatal CHD,
and stroke. Discrimination between males and females was analyzed using the C-index. For CHD,
females had a C-index of 0.71 compared to 0.65 for males. For fatal CHD, females had a C- index of
0.78 while males had a C-index of 0.74. Females had a 0.73 C-index for stroke and males had a 0.71
C-index. For fatal stroke, females and males had C-indices of 0.77 and 0.78, respectively.

▪ Differences between the CHD and stroke models' predictions appear to be affected by
A1c levels. Both the stroke and fatal stroke models demonstrated good calibration across most
deciles of predicted risk, whereas the CHD models over-predicted risk across all deciles of risk.
Bannister examined several different risk factors including sex, age, ethnicity, smoking status,
systolic blood, and total HDL. All of these seemed to be similar in both CHD and stroke, while A1c
levels differed between the two conditions.

GLYCEMIC BURDEN AND RISK OF CARDIOVASCULAR DISEASE (277-OR)

Gregory A. Nichols, PhD (Kaiser Permanente Northwest, Portland, OR)

In order to further investigate how glycemic control in type 2 diabetes predicts the risk of cardiovascular
disease, Dr. Gregory Nichols presented data from his group's case-control study of electronic medical
records since 1996 (mean follow-up 5.3 years). He compared cases of patients who had their first known
cardiovascular hospitalization after diabetes diagnosis (n=1,228) with demographically matched controls
(n=1,228) with a similar duration of diabetes (5.3±2.9) but without cardiovascular hospitalization.
Statistical analyses controlled for cardiovascular disease risk factors, comorbidities, and
pharmacotherapies. Dr. Nichols measured glycemia through both mean A1c (the average of the first
measurement after diagnosis, the last measurement before hospitalization, and the mean A1C in between)
and a novel metric called "average monthly glycemic burden" (the average monthly amount that a patient's
A1c exceeded a threshold of 7.0% - a sort of "area under the curve" for A1c). Ultimately, the average monthly
glycemic burden did predict cardiovascular disease (OR=1.29, CI=1.16-1.45, p<0.001), but only modestly
better than mean A1c (OR=1.22, CI=1.09-1.37, p<0.001). Another, simpler predictor of cardiovascular risk
was whether a patient's A1c ever exceeded 7.0% (OR 1.39, CI=1.08-1.79, p=0.01). We are curious about the
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use of 7.0% as an A1c threshold for cardiovascular risk and whether this (or other A1c thresholds) could be
clinically useful.

▪ Average monthly glycemic burden was an intuitively appealing metric, but it was not a
substantially better predictor of cardiovascular disease risk than mean A1c. The average
glycemic burden was 1.0 for cases of cardiovascular disease and 0.8 for patients without (p<0.001),
translating to an odds ratio of 1.29 (1.16-1.45) after longitudinal logistic regressions. Mean A1c was
7.1% for cases vs. 7.0% for controls (p=0.012), and the between-group A1c difference was also
significant after logistic regression (OR=1.22, CI=1.09-1.37, p<0.001). Other variables were
substantially more predictive of cardiovascular disease (such as lack of metformin use).

▪ Dr. Nichols found that if a patient ever surpassed an A1c of 7.0%, their risk for
cardiovascular disease increased by 39% compared to patients who maintained an A1c
under 7.0%. However, he emphasized that this threshold needs more testing in order to confirm
and to apply clinically.

Questions and Answers

Q: Did you control for statin use? I think there are a lot more confounders than what I saw,
including duration of statin use.

A: Yes, we did control for statin use, anti-hypertensives, and blood pressure level. We did not control for
duration.

Q: In something like A1c, which displays variation, when you take a mean for it, you correct for
biological variability. One question - what is the correlation between mean A1c and glycemic
burden?

A: That is fair enough, that is a dichotomous measure. Others are continuous, I agree. I don't have that answer
for you. I think that's a great point.

Q: Yesterday, you presented a study related to cardiovascular disease that showed a "U-
shaped" association. The metric you presented today does not allow you to see a U-shaped
association

A: Right, so this project was submitted for funding before I did that paper on the U-shaped association. One of
the flaws with this study now that we know more is that it does not account for cardiovascular burden below
A1c of 7%.

Q: Did you consider doing an analysis of age interactions?

A: We can take a look at that, but the small sample size does not give us much room for us to look at that.

THE IMPACT OF HBA1C LEVEL ON ALL-CUASE AND CVD MORTALITY IN PATIENTS WITH
DIABETES (278-OR)

Fangjian Guo, MD (University of Alabama at Birmingham, Birmingham, Alabama)

Dr. Fangjian Guo presented a study that examined the association between A1c levels and all-cause
mortality or CVD mortality. Studies in the past have demonstrated that intensive glycemic control has
controversial impact on cardiovascular mortality with some studies (e.g., ACCORD) showing that A1c levels
below 6.5% can even increase all-cause mortality. Dr. Guo conducted a study that collected data from the
National Health and Nutrition Examination Survey (NHANES) and analyzed the data with Cox regression
models. The study population consisted of 2,706 participants with diagnosed diabetes and an additional
848 participants with diabetes diagnosed by A1c (≥6.5%). The median follow-up was 7.5 years, with 989
deaths and 454 CVD-related deaths ascertained. Compared with A1c levels of 5.7%- 6.4% as the reference
groups, the results demonstrated that all-cause and CVD mortality risk did not increase significantly until
A1c levels reached 7.5%. Dr. Guo concluded that all-cause and CVD mortality did not increase for A1c levels
below 5.7%. Therefore, this study showed that stringent glycemic control may not increase risks for both of
these types of mortality, providing important information in making effective clinical decisions.
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▪ Dr. Fangjian Guo drew on the ACCORD and ACCENT studies to demonstrate the
conflicting findings on the impact of intensive glycemic control (A1c<6.5%) on
cardiovascular disease. The ACCORD study's results showed that intensive therapy led to a
higher risk of all-cause mortality with a 1.22 hazard ratio between intensive and standard therapy.
On the other hand, the ACCENT study's results showed the opposite with a hazard ratio of 0.90
between intensive and standard therapy for macrovascular and microvascular CVD.

▪ For both all-cause and CVD mortality, hazard ratios were statistically similar in
subgroups of patients with A1c <5.7%, between 5.7%-6.4%, and between 6.5%-7.4%. The
hazard ratio for patients with A1c >7.5% was significantly higher than these other ranges. For all-
cause mortality, the hazard ratio for A1c >7.5% was 1.63.

▪ Women and Mexican Americans with A1cs of 6.5%-7.5% were associated with higher
all-cause mortality. Women had a hazard ratio of 1.43 and Mexican Americans had a hazard ratio
of 1.78, which were significantly higher than the hazard ratios of other demographic groups.
Therefore for these two groups, it may be necessary to have more stringent goals for A1c control
(e.g., <6.5%).

▪ Women and non-Hispanic blacks with A1c levels >7.5% had significantly higher hazard
ratios for CVD mortality. Women had a hazard ratio of 1.82 and non-Hispanic blacks had a
hazard ratio of 1.94. Men, non-Hispanic whites, and Mexican Americans in this HbA1c range had
hazard ratios of 1.32, 1.18, and 1.67 respectively. These observed racial and gender differences call
for further interventional trials to include both genders and multi-ethnic populations to confirm
these findings.

HOSPITALIZATIONS DUE TO SEVERE HYPOGLYCEMIA IN PATIENTS WITH TYPE 1
DIABETES: A US NATIONAL PERSPECTIVE 279-OR

Gurkirpal Singh, MD (Stanford University, Stanford, CA)

Dr. Gurkirpal Singh evaluated the prevalence and costs of severe hypoglycemia hospitalizations in type 1
diabetes patients in the US. Using the Nationwide Inpatient Sample database for all-payer (thus including
Medicare and non-Medicare patients), and non-federal hospitals in the year 2009 (representative of 96% of
the US population); Dr. Singh performed a multistage analysis. The study looked at all inpatient
hospitalizations with primary or secondary diagnosis of type 1 diabetes and hypoglycemia in patients ≥18
years old, compared to the 2009 resident US population (≥18 years) as obtained from the 2010 US Census.
The analysis found that hypoglycemia was associated with 20,839 hospitalizations and a total cost of about
$1 billion, most of which was paid by Medicare and Medicaid. Dr. Singh concluded by emphasizing that
while aggressive glycemic control remains important, the significant clinical and financial implications of
severe hypoglycemia indicate that we need to more carefully select anti-diabetic drugs, improve self-
monitoring, and develop novel anti-diabetic therapies to reduce hypoglycemia while maintaining glycemic
control. For reference Dr. Singh also mentioned that type 2 diabetes and its complications accounted for
one-fifth of 2009 US hospitalizations and added over $12 billion from hypoglycemic causes, which brings
even more gravity to the situation.

▪ Hypoglycemia in type 1 diabetes was associated with 20,839 (95% CI = 19,233- 22,445)
hospitalizations and 284 deaths in 2009. There were 326,395 total hospitalizations for people
with type 1 diabetes in 2009, 6.4% of which were due to hypoglycemia. There were only minor
differences in hospitalizations by gender and age. The majority (88%) of hospital admissions were
non-elective, and the mean duration of stay was 7.2 days, compared to hospitalizations for the
overall population, which averaged 5.0 days. The case fatality rate for hypoglycemia for type 1
diabetics was 1.36%.

▪ The total cost of hypoglycemia hospitalizations in type 1 diabetes was about $1 billion
in 2009 (64% of which was paid by Medicare and Medicaid). Hospital charges for
hypoglycemia averaged $46,039 per admission compared to $33,232 for all-cause US
hospitalizations. For comparison, Dr. Singh related that relative to the US Federal Reserve's
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estimated cost of an economic recession, hypoglycemia causes one tenth of a recession each year,
contributing to "3 recessions a year" from the total costs of diabetes.

▪ During Q&A, Dr. Singh acknowledged that these assessments are likely
underestimates of the actual burden of hypoglycemia.

Questions and Answers

Q: This is a serious underrepresentation of the burden of hypoglycemia. In the UK we looked
at ambulance data, and only 25% of cases of hypoglycemia are reported to hospital. Of those
patients only half are admitted.

A: You are absolutely correct; this is only the tip of the iceberg. We are currently looking at emergency
department visits and outpatient visits but that still does not account for all cases.

Q: Thanks for that beautiful talk. Can you show me A1c data? I did not see that on your slides.

A: We don't have access to A1c data, which is one of the limitations of this study.

Q: Very nice data. Can you comment on the breakdown between primary and secondary
hypoglycemia? You said that the average stay is seven days. How much of that is hypoglycemia
associated with admission?

A: We, on purpose, pre-specified this protocol to use both primary and secondary. If something happens to it,
that is what is going to be reported. We will have to wait and see because I don't have that breakdown for you
right now.

Q: I was surprised at the duration of seven days of hospitalization. Has it been related to an
issue of organization of diabetes care at institutions? In France many patients are not
hospitalized for this long.

A: With the data, we can't tell where the patients are hospitalized. In subsequent analyses we will look at
secondary diagnosis and assess other medical issues that may contribute to this.

Oral Sessions: Macrovascular Disease in Diabetes-Clinical Studies

DOES HBA1C VARIABILITY AFFECT CORONARY ARTERY DISEASE (CAD) RISK AND ITS
FIRST MANIFESTATION? (345-OR)

Rachel Miller, MS (University of Pittsburgh, Pittsburgh, PA)

Ms. Rachel Miller reviewed that the relationship between glucose levels and incidence of coronary artery
disease (CAD) has not been clearly defined, though some studies have suggested that greater variability in
A1c is predictive of a higher complications risk (Kilpatrick et al., Diabetes Care 2008; Waden et al., Diabetes
2009). The objective of this study was to assess whether the risk and first manifestation of CAD differs by
the degree of A1c variability. The analysis included data from 513 participants (259 men and 254 women) in
the Pittsburgh Epidemiology of Diabetes Complications (EDC) study of childhood-onset type 1 diabetes.
Subjects (mean age: 27 years; mean duration of diabetes: 18.6 years; baseline A1c: 8.84%) did not exhibit
CAD at baseline and were followed for 20 years to determine CAD incidence. First CAD event was
designated to one of five categories: 1) fatal myocardial infarction (MI) / CAD death, 2) nonfatal MI or
pathologic Q-wave, 3) revascularization/stenosis ≥ 50%, 4) ischemic ECG, or 5) angina. Furthermore, each
subject was categorized in either the high A1c variability (A1c SD ≥ 1.3, n=129) or the reference A1c
variability (A1c SD < 1.3, n=384) group. The total 20-year incidence of CAD did not change depending on
degree of A1c variability (28.7% in the high A1c variability group vs. 27.1% in the reference group; p=0.70).
Interestingly, the event rate of fatal CAD was significantly larger in the high A1c variability group
compared to the reference group (4.7% vs. 1.0%, respectively; p=0.02). Conversely, the high A1c variability
group was markedly less likely to present with nonfatal MI relative to the reference group (4.7% vs. 8.1% in
reference; p=0.05). No significant differences were observed for the other three manifestations of CAD, and
the results did not change when stratified by sex or nephropathy status. The findings suggest that when A1c
levels are low, variability has a negligible effect on fatal and nonfatal MI. When A1c levels are high,
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however, variability poses a larger threat, as the risk of fatal events is elevated and nonfatal events reduced.
Thus, while long-term variability of A1c did not increase the overall risk of CAD, greater variability may be
linked to a greater risk of fatal CAD, though further studies are needed to corroborate the hypothesis.

Questions and Answers

Q: What is the mechanism of this association?

A: That's something we've been thinking a lot about. One of the potential mechanisms is that people with
consistent A1c (lower variability) may be more physiologically stable, while the higher variability group may
be more vulnerable to their MI. We think that there might be other risk factors associated with high
variability. We looked at some other characteristics, and the high variability group had higher levels of LDL-
cholesterol, though when we adjusted for that we did not see a change in our results. Individuals with high
variability also had a much higher rate of smoking. We are interested in looking at other confounding factors
because these people might be very different in the way they live their lives.

Q: Did you look at CV instead of SD?

A: We actually don't see any difference when we look at CV instead of SD.

Q: Do you have any data on if they had pump failures? Do you have information on heart rate
variability or blood pressure variability?

A: We do have some data with minor death. Most of these CV deaths are not sudden arrhythmic events.

A NOVEL VARIANT FOR T2DM AT 7Q32 PREDICTED NEW ONSET CORONARY HEART
DISEASE IN AN 8-YEAR PROSPECTIVE CHINESE COHORT OF TYPE 2 DIABETES (346-OR)

Ronald Ma, MD (Hong Kong Institute of Diabetes and Obesity, Hong Kong, China)

Dr. Ronald Ma explained that type 2 diabetes and coronary heart disease (CHD) share many pathological
features, including similar risk factors, insulin resistance, adipokine production, lipotoxicity, and
endothelial dysfunction. In fact, relative to the general population, patients with type 2 diabetes exhibit a
two-to-fourfold increased risk of developing CHD. Genome-wide association studies (GWAS) have located
over 50 risk variants associated with CHD in the general population, and previous studies have shown that
several of these loci also contribute to genetic susceptibility to CHD in patients with type 2 diabetes (Qi et al.,
J Am Coll Cardiol 2011). Further, variants linked to type 2 diabetes have been shown to increase the risk of
CHD in type 2 diabetes. A novel type 2 diabetes variant at 7q32 near PAX4 was identified by a recent GWAS
in a Chinese sample and was later confirmed in East Asian populations. The aim of this study was to
evaluate the association between this variant and the risk of CHD in an 8-year prospective cohort of Chinese
patients with type 2 diabetes and no history of CHD at baseline. The 7q32 variant was genotyped in 5,264
patients with type 2 diabetes (mean age=56.3 years, % males=45.0), and a Cox regression was used to find
associations of the variant under multiplicative, dominant, and recessive genetic models with new incident
CHD. During the follow-up period (mean of 6.9 ± 6.7 years), 7.5% of subjects developed CHD. After
adjusting for sex, age, A1c, age at diagnosis, and smoking status, subjects with the common type 2 diabetes
allele of the 7q32 variant demonstrated an elevated risk of CHD (hazard ratio [HR]=1.43 and 1.56 under the
additive and recessive models, respectively), and this association was statistically significant even after
accounting for additional clinical factors (e.g., duration of diabetes, BMI, blood pressure, and lipid profiles).
This consistent association suggests that the risk conferred by the 7q32 variant is independent of metabolic
factors, including glycemic control. The novel variant is not only associated with type 2 diabetes, but also
can be used to identify patients with type 2 diabetes who have an increased risk of CHD.

Questions and Answers

Q: How does this correlate with stoke?

A: For this variant, we haven't done the analysis with stroke, just for CHD. In Asia, we generally see more
CHD than stroke.

Q: What would you do with this data clinically?
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A: We have developed a clinical risk score and validated it. One can make the case that one's genotype can
help predict CHD. However, it's not so much for a prediction, but for understanding the phenotype of our
patients and developing a more personalized treatment.

Oral Session: Advances in the Pathogenesis and Treatment of Diabetic Retinopathy

EARLIER TREATMENT IS IMPORTANT IN DIABETIC MACULAR EDEMA: OUTCOMES FROM
PHASE III TRIALS OF INTRAVITREAL RANIBIZUMAB (161-OR)

William Mieler, MD (University of Illinois, Chicago, IL)

Dr. William Mieler presented three-year data from the RISE/RIDE trials, which assessed Lucentis
(ranibizumab) for diabetic macular edema (DME). Lucentis 0.3 mg became the first FDA-approved
pharmacotherapy for DME in August 2012 based on two-year data from these trials (see our report at

http://close.cx/LucentisFDAapp for detailed two-year results and more on the approval). In these
trials, 759 patients were randomized to ranibizumab 0.3 mg, 0.5 mg, or sham injections for two years. In
the third year, people in the sham group could cross over to monthly 0.5 mg group. At the end of three
years, the percent of patients who were able to read ≥3 additional lines on a standard vision chart was 21%,
44%, and 41% in the sham, 0.3 mg, and 0.5 mg groups, respectively (this compared to 15.2%, 39.2%, and
42.5%, respectively). Those who were initially on sham treatment and then switched over to mg after two
years had three-to-four times lesser vision gains than those in the ranibizumab groups.
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Oral Sessions: Advances in the Pathogenesis and Treatment of Diabetic Retinopathy

DOES DIABETIC RETINOPATHY PROGRESS FOLLOWING BARIATRIC SURGERY IN
PERSONS WITH TYPE 2 DIABETES? (155-OR)

Rebecca Thomas, BSc (Swansea University, Swansea, UK)

The speaker shared the results of a retrospective study that evaluated whether there was an association
between the onset and progression of diabetic retinopathy and bariatric surgery in patients with type 2
diabetes. Currently, there is conflicting evidence on the incidence and progression of diabetic retinopathy
after bariatric surgery. A retrospective study using data from the Welsh Institute of Metabolic and Obesity
Surgery in patients with type 2 diabetes following bariatric surgery established that patients with moderate
or pre-proliferative background diabetic retinopathy were at a greater risk of further progression after
bariatric surgery (n =46). Patients without preexisting diabetic retinopathy, or with minimal baseline
retinopathy, did not exhibit significantly greater risk of progression after the procedure.

▪ Ms. Thomas conducted a retrospective analysis using data from the Welsh Institute of
Metabolic and Obesity Surgery in patients with type 2 diabetes following bariatric
surgery (n=46). The patients in the study were screened for diabetic retinopathy (DR) via the
Welsh screening service at a mean of 9.7 months before surgery and 13.4 months after surgery. Prior
to surgery, 69.6% had no DR, whereas 13.0% had minimal background DR (BDR), 15.2% moderate
BDR, and 2.2% pre-proliferative DR (PPDR).

▪ Patients with type 2 diabetes without retinopathy or with minimal retinopathy before
surgery were at low risk of developing diabetic retinopathy after bariatric surgery. Of
the patients without DR prior to surgery, 87.5% did not develop DR after screening and 12.5%
developed minimal BDR. The speaker added that in the group with minimal BDR prior to surgery,
83.3% reverted to no DR, and 16.7% did not have an altered level of DR.

▪ Patients with type 2 diabetes with moderate background diabetic retinopathy or more
advanced diabetic retinopathy were at greater risk of further progression after
bariatric surgery. Of the patients with moderate BDR 14.3% reverted to minimal BDR and 14.3%
remained unchanged, while 57.1% progressed to PPDR. The speaker recommended that those with
moderate BDR or worse should be evaluated more closely for retinopathy after bariatric surgery.

Oral Sessions: The Broad Spectrum of Diabetic Neuropathies from Cell Culture to Man

PERIPHERAL SENSORY NEUROPATHY IS AN IMPORTANT INDICATOR OF MORTALITY IN
PEOPLE WITH DIABETES (56-OR)

Andrew McGovern, BMBS (University of Surrey, Guildford, UK)

Dr. Andrew McGovern shared the results of a retrospective cohort study based on Quality Improvement in
Chronic Kidney Disease (QICKD) trial data (n-35,502) in order to determine whether the presence of
sensory neuropathy was an accurate predictor for mortality risk. The QICKD study followed patients with
diabetes over 30 months after a 30-month baseline observation period. Predictor variables in the study
included peripheral neuropathy (defined as abnormal results in the 10 g monofilament test) as well as: A1c,
age, gender, lifestyle habits, blood pressure, and history of comorbidities. Monofilament testing was given
to 18,748 patients during the baseline observation period. Abnormal sensation or a positive result for
neuropathy was observed in 9.0% of the population. The results of the study demonstrated a strong
association between neuropathy and mortality with an odds ratio of 1.70 (p<0.001); this predictor variable
was stronger than elevated A1c (p<0.037), as well as smoking, heart disease, and other comorbidities.
Although the retrospective study did not establish causality, its strengths are that it sampled a large
population size and provided real-world data.
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Meet the Expert Sessions

DIABETIC NEPHROPATHY - MORE CURRENTLY KNOWN AS "DIABETIC KIDNEY DISEASE"

Katherine Tuttle, MD (University of Washington School of Medicine, Spokane, WA)

Dr. Katherine Tuttle addressed a full room of attendees in a discussion of clinical practices regarding
diabetic kidney disease. She reviewed clinical guidelines from the most recent sources, covering ADA
changes as well as government recommendations, and also discussed the importance of kidney disease. One
of the most unfortunate realities she shared in her opening remarks was the fact that a new diagnosis of
lung cancer has about the same mortality rate as a new diagnosis of kidney disease. Recognizing that
patients with diabetes at highest risk were those with chronic kidney disease, she warned that it was
overtreatment, not under-treatment that contributed to further complications. She set the goal A1C targets
at 7.0-8.0% (particularly for older people with type 2 diabetes) and stated that A1Cs outside of this range
would contribute to complications; however, she did say during Q&A that she would set the goal lower for a
young person with type 1 diabetes. She then opened the floor to many questions regarding the specifics of
her clinical recommendations. It was promising to see such a strong international presence in participation
from doctors in the audience, especially from India where the diabetes epidemic continues to mount.

Questions and Answers

Q: A lot of patients on dialysis end up on 9.0-10.0% A1c range, accelerating renal failure. What
should be done to treat them?

A: We have more of a problem with overtreatment than under-treatment. A case of such high A1C is very rare,
and based on the Joslin observational cohort, an A1C below 8.0% provides no additional benefit. But with the
dialysis population there is some observational data on A1C vs. mortality . The sweet spot is 7.0- 8.0%, and
going above or below this range results in increased cardiovascular risk. The Joslin observational studies are
clinically applicable because they have followed over 200,000 people over a period of 5-10 years.

Q: Why not go ahead and treat patients with microalbuminuria to as low an A1C as possible to
slow the progression of diabetes?

A: A decrease in A1C is important, but we don't want to over-treat. There was no benefit seen in aggressive
reduction in terms of reducing mortality and preserving kidney function. Albumin in the urine is a biomarker
of kidney disease, but treatment of it by whatever method is not necessarily predictive of an improved
outcome. When we reduce the presence of the biomarker we can't necessarily say risk is reduced. We have
burgeoning group of people with low GFR that are progressing even after treatment. However, in the case of a
young person with type 1 diabetes I would go lower. For an older person with type 2 diabetes I would keep the
A1C within the 7.0-8.0% range.

Q: Results from ADVANCE study demonstrated that aggressive control did in fact reduce risk
of kidney failure. What is your explanation for these contrary results?

A: The numbers from this were small so it is still not clinically relevant to make recommendations based on
these results. There were only around 30 cases in ADVANCE that demonstrated reduced risk.

Q: Does age play a role in treatment? Is there a cutoff?

A: Yes, you have to consider comorbidities. With aging there is decreased drug metabolism, and these cohorts
would do fine on lower doses of a lot of drugs. However, I would not use a cutoff because patients vary so
much even with age. Rather, I would rely on individual clinicians' decision-making.

PANEL DISCUSSION: THE RETINA, THE KIDNEY, AND THE NERVE - CLINICAL AND BASIC
QUESTIONS

Katherine Tuttle, MD (University of Washington School of Medicine, Spokane, WA); Timothy
Kern, PhD (Case Western Reserve University, Cleveland, OH); Rodica Pop-Busui, MD, PhD
(University of Michigan, Ann Arbor, MI)
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Dr. Katherine Tuttle, specialist in nephropathy, Dr. Timothy Kern, an expert in retinopathy, and Dr. Rodica
Pop-Busui, a specialist in neuropathy fielded questions from an eager audience after a brief introductory
statement. A common theme that all three experts highlighted was the necessity for accurate and clinically
relevant biomarkers for diabetic complications. Dr. Pop-Busui emphasized that end points should not be
arbitrary, and should have clinical significance. According to her, the complication that has the greatest
impact is the effect on quality of life. She noted positively that it was 30 years since the start of the Diabetes
Control and Complications Trial (DCCT), a milestone worthy of celebration.

Questions and Answers

Q: The clinical trials are so long that it is almost prohibitive to invest in therapeutics. From a
clinician's point of view what can we do to work with regulatory agencies?

Dr. Pop-Busui: Several academic institutions met to discuss this. One of the focus questions during this
meeting was, "how should we define end points for nerve function?" We should also have a critical
understanding that not just a single pathway should be addressed when developing therapeutic agents.

Dr. Tuttle: In treating kidney disease, choosing the appropriate biomarker is extremely contentious and
important. The presence of albuminuria alone is not sufficient marker. For endpoints in phase 2 trials, the use
of GFR as a biomarker is ineffective because it takes too long to show improvement. I met with FDA to discuss
biomarkers for kidney disease. Regarding GFR, the FDA will accept a 30% reduction rather than 50%
reduction because they understand it is a flawed yet easily accessible biomarker. Alternatively, we must turn
to discovery science for alternative biomarkers. For example, there are the JAK 1 and JAK 2 inhibitors. For
future directions researchers must identify a biomarker that is overexpressed, and target that for novel
therapy.

Dr. Kern: With regards to the eye, it is very different. We [specialists in retinopathy] are probably the most at
fault. All of the biomarkers for retinopathy have been based on structure of the eye or the vasculature.
Currently, the FDA only accepts eye function as an end point. Currently, we may not have a surrogate for what
the FDA may accept, when the FDA's target for retinopathy is improving or preserving visual function.

Q: What are the failures in the bardoxolone clinical trials? Was it a lack of efficacy or presence
of safety issues?

Dr. Tuttle: The BEACON trial on bardoxolone was halted in October 2012 due to increased mortality. The
data from this incomplete study was not published, and it is unavailable because it was an internal study.

Q: Would stem cell therapy be an option for tissue regeneration in treating diabetic
retinopathy?

Dr. Kern: The huge problem right now that stem cell therapy works in patients without diabetes, but doesn't
function normally in patients with diabetes. If you inject normal stem cells from a non-diabetic patient into
the vitreous, the cells will migrate. If you put stem cells in the vitreous of a patient with diabetes, the cells will
just sit there and look stupid. [Laughs from audience] There's something about diabetes that inhibits ability
for normal stem cells to function.

Symposium: DCCT/EDIC 30th Anniversary Symposium-Contributions and Progress

INTRODUCTION AND OVERVIEW

David Nathan, MD (Massachusetts General Hospital, Boston, MA)

Dr. David Nathan reviewed the design and results of the Diabetes Control and Complications Trial (DCCT)
and its follow-up study, Epidemiology of Diabetes Interventions and Complications (EDIC). From the first
presentation of results in 1993, DCCT illustrated the beneficial effect of intensive glycemic control on early
microvascular and neural complications, established the association and primacy of glycemia and
complications, and identified the risks and benefits of intensive control. Then, the follow- on EDIC study
demonstrated the durability of intensive therapy's effects ("metabolic memory") and showed that glycemic
control also benefited patients with regard to longer-term clinical outcomes (e.g., advanced microvascular
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complications and cardiovascular disease). Dr. Nathan also noted that in both DCCT and EDIC, intensive
control has not been found to decrease cognitive function - even in patients with frequent hypoglycemia. In
a gesture of gratitude, he repeatedly acknowledged the study participants for their high rate of follow-up -
as of 2012, 95% of the surviving cohort was still participating! The biggest takeaways we got from this set of
talks were the following:

▪ In the latest EDIC data, the researchers have observed high rates of musculoskeletal
complications (such as cheiroarthropathy, which involves stiffening of the hands or
fingers, and adhesive capsulitis, which is otherwise known as frozen shoulder). Dr.
Nathan suggested that these complications affect 50% to 60% of the population but have been
under-recognized because of high incidence among the general aging population. The rates were not
different between the conventional and intensive DCCT groups. However, higher A1c is correlated
with higher incidence.

▪ Mortality data is forthcoming now that 50 deaths have been reached, but it remains
embargoed - we think this data will be striking and are very eager to see this out.

▪ Risk reductions for DCCT /EDIC for the intensive group were repeated and include 50%
for impaired kidney function, 60% for heart disease and stroke, 50% for need for ocular surgery/eye
disease, 50% for impaired GFR, 20% for hypertension.

▪ Dr. Nathan and Dr. Lachin emphasized, as they have in the past, that this study speaks
to long-term metabolic memory for glucose, where changes in A1c today have impact up to 10
years later, and this explains continued better health of DCCT subjects long afterward. They
suggested epigenetic changes to genes or glycation of collagen as possible explanations. Notably,
they found evidence of epigenetic change in "60 carefully selected extreme cases."

▪ They noted that oldest participant is only about 69/70, so they're still not at a stage
where old-age complications can really be tracked in detail. They stressed that there is still
no point of no return when it comes to A1c, and indeed changes may only become apparent later;
they noted no difference in original DCCT between control and intensive for retinopathy and
neuropathy over first 4-5 years of intensive therapy, but huge difference became apparent afterward.

▪ The DCCT EDIC study group will be looking at glycemic variability - there was a single
reference on a slide toward the very end of discussing what the Study Group will be focused on. We
have always thought Dr. Kilpatrick's paper on this showing no correlation with glycemic variability
was unconvincing and we're happy to see that this is going to be re-examined. We wonder how
DCCT would have looked, indeed, had accurate CGM been available - perhaps the analysis would
look quite different for glycemia variability - we will never know, of course.

CARDIOVASCULAR UPDATE

John M. Lachin, ScD (George Washington University, Rockville, MD)

Dr. John Lachin provided a thorough overview of the cardiovascular outcomes of DCCT/EDIC, noting that
the benefits of intensive therapy on cardiovascular disease have increased through 2012 as the EDIC study
continues. The 2005 results after 11 years of EDIC follow-up showed a 42% risk reduction for any
cardiovascular outcome and a 57% risk reduction in the clinically important outcome of cardiovascular
death, myocardial infarction, or stroke. A major theme of the talk was that glycemia explains the majority
of differences in cardiovascular risk, ranging from surrogate markers of atherosclerosis to the major
clinical cardiovascular outcomes. Dr. Lachin announced that the risk factor analyses for major
cardiovascular clinical events are forthcoming now that 100 cardiovascular disease cases have occurred in
the conventional glycemic control group. He told us to stay tuned, as the results are anticipated in the next
few years. Another recent landmark occurred when the 50th patient from the conventional group died,
triggering an analysis of mortality in DCCT/EDIC. This manuscript is still being prepared and the results
are embargoed until publication, but Dr. Lachin was able to tell us there is no excess mortality risk in the
former DCCT intensive therapy group.
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▪ The original DCCT study had too few outcomes to make significant conclusions about
the benefit of intensive glycemic therapy on reducing macrovascular events and
atherosclerosis. To achieve 85% statistical power the study was continued as the EDIC study with
analyses triggered after 50 individuals experienced their first cardiovascular events in the
conventional treatment group.

▪ The 6.5 years of intensive therapy in DCCT decreased the subsequent progression of
atherosclerosis as measured by carotid intima media thickness (CIMT) and coronary
artery calcification (CAC). CIMT was measured by ultrasound during EDIC at years 1, 6, and 12,
while CAC was calculated by CT at year 8. Furthermore, hyperglycemia during DCCT explained the
vast majority of the variation in these atherosclerosis surrogate markers, with the DCCT A1c
explaining 95% and 96% of the CIMT change at years 6 and 12, respectively, and 86% of the CAC
effect.

▪ The 6.5 years of intensive therapy reduced the risk of major cardiovascular events. The
intensive glycemic control subjects showed a 42% reduction in risk of any cardiovascular event and a
57% reduction in the risk of the more clinically important composite of cardiovascular death,
myocardial infarction, and stroke.

▪ Cardiac MRI studies at EDIC year 15 showed no differences between the DCCT
intensive vs. conventional groups in cMRI measures of cardiac structure, function,
and remodeling. However, mean DCCT A1c and age did show significant associations with left
ventricular mass, left ventricular mass divided by end diastolic volume, and aortic distensibility.

▪ In conclusion, in the DCCT/EDIC type 1 diabetes population, intensive glycemic
therapy was highly effective in decreasing the risk of cardiovascular disease. The long-
term beneficial effects of intensive therapy on cardiovascular disease are largely mediated by
changes in glycemia during the DCCT (A1c explains 97% of the group effect), while partially
mediated by a reduction in the incidence of albuminuria (microalbuminuria and albuminuria
explained 45% and 29% of the group effect, respectively).

NEPHROPATHY UPDATE

Ian de Boer, MD (University of Washington, Seattle, WA)

Dr. Ian de Boer reviewed the well-established benefits of intensive glycemic control on nephropathy, and he
showed unpublished data about how these data have continued to the present day. For the first 18 years of
EDIC, patients in the intensive group enjoyed significantly reduced risks of microalbuminuria (39%) and
macroalbuminuria (61%). Dr. de Boer noted that 100% of these benefits could be statistically explained by
patients' mean A1c during DCCT - still more clear evidence that early, intensive glycemic control in type 1
diabetes is effective for preventing or delaying kidney disease.

▪ Early intensive glycemic control has been shown to reduce the risks of both
microalbuminuria (≥40 mg/day) and macroalbuminuria (>300 mg/day). During DCCT,
patients in the intensive group had their risk of microalbuminuria reduced by 34%, while the
absolute rate of macroalbuminuria was too low for a benefit to be seen. In the first eight years of
EDIC, highly significant risk reductions were seen for both microalbuminuria (57%) and
macroalbuminuria (84%) (JAMA 2003). Dr. de Boer also presented unpublished 18-year data,
showing that patients in the intensive arm of DCCT still enjoyed highly significant risk reductions
for microalbuminuria (39%) and macroalbuminuria (61%). Remarkably, for each period of analysis,
the benefits could be explained almost entirely (90-100%) by patients' mean A1c during DCCT.

▪ The only new data that Dr. de Boer showed were for micro- and macroalbuminuria,
but he also reviewed how glycemic control has benefited several other markers of
kidney disease. For example, the risk of new hypertension decreased by 24% after a median
foll0w-up of 15.8 years after randomization (DCCT/EDIC, Arch Intern Med 2008). Intensive
glycemic control also reduced the long-term risks of declines in estimated glomerular filtration rate;
the risk reduction after a median follow-up of 22 years was roughly 50% (DCCT/EDIC, NEJM 2011).

www.closeconcerns.com 203



NEUROPATHY UPDATE

Catherine L. Martin, MS, APRN, BC-ADM, CDE (University of Michigan, Ann Arbor, MI)

Ms. Catherine Martin provided a comprehensive overview of the neurological outcomes data from the past
30 years since DCCT/EDIC began. She noted that the prevalence of peripheral neuropathy and autonomic
neuropathy at baseline were low and similar between the intensive glycemic control and conventional
glycemic control groups. However, by the end of the 10-year DCCT study, the intensive control group
showed a 64% reduced risk of peripheral neuropathy and 31% reduction in cardiac autonomic neuropathy.
The differences between the intensive and conventional control groups persisted, albeit with smaller
magnitudes by years 13 and 14 of the EDIC follow-up study. Intensive glycemic control also decreased the
risk for other neurological complications in EDIC, with lower rates of erectile dysfunction and foot ulcers.
The neurological results from DCCT/EDIC show that intensive therapy can reduce the risk of several
different neuropathologic complications long-term.

▪ In the Diabetes Control and Complications Trial (DCCT) examining the effect of
intensive vs. conventional glycemic control on long-term complications in type 1
diabetics, peripheral neuropathy represented an important microvascular outcome.
The original DCCT study tested for peripheral neuropathy using the neurological history and
physical examination, as well as electrodiagnostic studies at baseline, at five years, and at the end of
the study. In contrast, the follow-up Epidemiology of Diabetes Interventions and Complications
study (EDIC) measured neuropathy only in annual tests with the Michigan Neuropathy Screening
Instrument (MNSI), which lacked the sensitivity to compare the results between groups. At years 13
and 14, the full DCCT neurological examination was performed in the patients to enable a between-
group comparison in the rates of neuropathy. The neurological information collected was used to
construct a confirmed clinical neuropathy endpoint consisting of an abnormal exam consistent with
peripheral sensory neuropathy and abnormal nerve conduction in at least two peripheral nerves or
an abnormal autonomic finding.

▪ By the end of DCCT, intensive therapy had reduced the risk of developing confirmed
clinical neuropathy (CCN) by 64% and of developing cardiac autonomic neuropathy
(CAN) by 31%. The prevalence of peripheral neuropathic complications rose greatly in both the
intensive and conventional groups by EDIC years 13 and 14. However, the risk of developing CCN or
CAN in EDIC by year 14 was reduced by 30% and 31% respectively in the former intensive control
subjects. A higher mean A1c was associated with an increased risk for CAN, and differences in A1c
explained 78% of the treatment group effect. CAN was again measured in EDIC years 16 and 17 and
the prevalence continues to rise, with both groups' prevalence greater than 35%. The difference
between the intensive and conventional groups is starting to shrink, suggesting that metabolic
memory can wane.

▪ People with diabetes are at increased risk for erectile dysfunction (ED), and the
prevalence of ED was 25% overall by year 10 of EDIC. The risk of developing erectile
dysfunction by year 10 of EDIC was reduced by 67% in the intensive control group of the secondary
prevention cohort (patients who at baseline had type 1 diabetes longer than 5 years or evidence of
complications). However, in the primary prevention cohort (patients with diabetes for 1-5 years at
the start of the study), the effect on erectile dysfunction risk was not statistically significant. The
increased risk for erectile dysfunction per 10% higher DCCT/EDIC mean A1c was 74% for the
primary prevention cohort and 97% for the secondary cohort.

▪ Additionally, the risk of developing ulcers was reduced by 48% in the former intensive
control group. The risk reduction for amputations was 28%, but this result was not statistically
significant.

RETINOPATHY UPDATE

Lloyd Aiello, MD, PhD (Joslin Diabetes Center, Boston, MA)
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Dr. Lloyd Aiello presented the newest data on retinopathy from the 18th year of the EDIC study. To begin,
he reviewed the effects of intensive therapy in DCCT on primary prevention of retinopathy: 76% risk
reduction after a three-to-four year delay. He then provided new EDIC data showing that the intensively
treated group continued to have a significant risk reduction in many areas of retinopathy, including:
proliferative diabetic retinopathy (47%), clinically significant macular edema (35%), scatter or focal laser
treatment requirements , and total accumulative incidence (39%). Patients from the intensive control group
had consistently lower risk at four, 10, and 18 years, but the between-group difference decreased over time
(from approximately 70% to 48% risk reduction). Overall, the intensive group's risk reduction for all severe
retinal outcomes in either eye was roughly 50%. In summary, the EDIC follow-up study show that patients
who were in the intensive treatment group continue to experience risk reduction at a significantly greater
rate than those in the conventional group - another example of "metabolic memory."

MUSCULOSKELETAL ABNORMALITIES - AN UNDER-RECOGNIZED COMPLICATION

Mary Larkin, RN, MSN, CDE (Massachusetts General Hospital, Boston, MA)

Mary Larkin provided a look into the data on an underappreciated complication of diabetes,
cheiroarthropathy. Cheiroarthropathy is a musculoskeletal complication, which causes the stiffening of the
hands, fingers, and shoulder (commonly known as "frozen shoulder"). New data from the Diabetes Control
and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) studies
of intensive glycemic control in type 1 diabetics shows that only 34% of subjects were free of
cheiroarthropathy by EDIC year 18. She noted that like many of the other complications of type 1 diabetes
studied in DCCT/EDIC, age and glycemia were significantly associated with cheiroarthropathy;
interestingly, however, intensive glycemic control during DCCT was not associated with differences in
cheiroarthropathy. Ms. Larkin concluded by noting that cheiroarthropathy is common in type 1 diabetes of
long duration and is associated with pain and functional limitations that can have a negative impact on
performing the activities of daily living. Cheiroarthropathy, in her opinion, is worthy of further research
and attention and should be addressed as part of routine care.

▪ Cheiroarthropathy involves periarticular skin thickening and limited joint mobility
that can lead to disability. In people with diabetes, cheiroarthropathy is proposed to be caused
by the accumulation of advanced glycation end-products in collagen. The DCCT/EDIC
Cheiroarthropathy study sought to describe the prevalence of cheiroarthropathy in the DCCT/EDIC
cohort, to examine associated risk factors (including microvascular complications), and to examine
the impact of glycemia and former DCCT therapy (intensive vs. conventional) on the development of
cheiroarthropathy.

▪ The DCCT/EDIC Cheiroarthropathy study was a cross sectional analysis at EDIC years
18/19 that collected data using a targeted medical history and standardized physical
exam by certified staff along with a self-administered questionnaire. Function was
measured with the validated Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire,
and the physical exam included goniometry to test shoulder flexion and visual assessment for the
presence of a positive prayer sign.

▪ Sixty six percent of the 1,217 subjects in the study had cheiroarthropathy. Older age,
female gender, duration of diabetes, and mean DCCT/EDIC A1c were all significantly associated
with the presence of cheiroarthropathy. Other risk factors included neuropathy and retinopathy, but
notably, cheiroarthropathy was not associated with nephropathy. Further, there was no significant
difference between the original DCCT treatment groups.

SUMMARY AND FUTURE DIRECTIONS

Rose A. Gubitosi-Klug, MD, PhD (Case Western Reserve University, Cleveland, OH)

Dr. Gubitosi-Klug provided a forward-looking discussion of the DCCT/EDIC study as it enters its 30th year.
She began by summarizing the overall message of the results so far: early intensive glycemic intervention is
most effective in type 1 diabetes patients, and if intensive therapy is delayed, the momentum of
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complications is difficult to slow. Recent results from EDIC have hinted the metabolic memory effect may
wane over time as the relative risks for microvascular and cardiovascular disease have been decreasing
over time. Dr. Gubitosi-Klug emphasized that cardiovascular outcomes must be the major focus going
forward. Finally, she introduced new studies that will address the effects of residual insulin secretion, the
effect of glycemic control on hearing impairment, and the effect of glycemic control on delayed gastric
emptying. Other topics that must be addressed with the DCCT/EDIC cohort include the development of
evidence-based frequency for screening of retinopathy and nephropathy, the effects of glycemic variability,
non-glycemic risk factors and outcomes, cognitive function, and health economics.

▪ An upcoming study with the DCCT/EDIC cohort will address questions relating to
residual C-peptide: Is there residual beta cell function after an average diabetes
duration of 30 years? What factors influence residual beta cell function? What is the
physiologic significant of residual C-peptide? What is the effect on risk for
complications? The DCCT/EDIC team has begun a pilot study of 58 patients from a cohort with
near normal A1c levels and/or above average C-peptide at baseline. In year 20 of EDIC, 10 of 58
participants showed glucose stimulus response curves showing residual beta cell function. The next
step is to expand this study to the full EDIC cohort to examine how this residual function affects
outcomes such as A1c over time, rates of hypoglycemia, and long-term complications.

▪ Hearing impairment is more common in patients type 2 diabetes than without. A
question to be addressed is whether there is hearing impairment in type 1 diabetes as well, and if so,
does it correlate with neuropathy, microvascular disease, or cheiroarthropathy? Is there a
relationship between prior DCCT treatment with intensive glycemic control or other risk factors? Dr.
Gubitosi-Klug noted that a protocol with a standardized hearing study across all 27 EDIC sites is
currently being developed.

▪ People with diabetes can develop delayed gastric emptying. Questions being addressed in
upcoming studies include determining the prevalence of disturbances in gastric emptying and
whether this impacts glycemic control. A pilot study at seven EDIC centers with 80 participants
using the 13C-Spirulina gastric emptying breath test is being developed.

Symposium: Nonprescription Therapies for Diabetes Mellitus

AN UPDATE ON THE ORIGIN TRIAL AND WHAT WE KNOW ABOUT OMEGA-3 AND
DIABETES MELLITUS

Aldo Maggioni, MD (ANMCO Research Center, Florence, Italy)

Dr. Aldo Maggioni summarized recent ancillary study results as well as updates on the highly anticipated
ORIGIN trial, with a focus on the possible effects of daily 1 g supplementation of omega-3 polyunsaturated
fatty acid (PUFA) on cardiovascular risk. In summary, these studies found no statistical difference of
omega-3 supplementation versus placebo, and only marginal benefit in patients with diabetes. He also
provided information on the most recent European clinical recommendations for omega-3 PUFA
supplementation, which recommended moderate intake of omega-3. Dr. Maggioni concluded with an
overview of the upcoming ASCEND trial, which compared aspirin against omega-3 supplementation in
patients with diabetes with a primary endpoint of total cardiovascular complications.

▪ Dr. Maggioni summarized the results of the ORIGIN trial, which found no significant
difference in cardiovascular complications in a placebo group versus a group taking
once-daily 1 g omega-3 supplements. This study was composed of non- insulin dependent
patients 50 years or older with impaired glucose tolerance (IGT), impaired fasting glucose (IFG), or
early type 2 diabetes patients that were also at high risk for cardiovascular complications. After 7
years of follow-up, the placebo patients and the patients on omega-3 supplements exhibited nearly
identical rates of mortality by cardiovascular causes (p=0.72).

▪ An updated study conducted by Dr. Maggioni's research group evaluated patients with
a high risk of cardiovascular events with atherosclerosis. They investigated the
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potential effect of daily 1 g omega-3 supplementation and found no significant
difference from the placebo arm after a median follow-up of 5 years (n=12,505). Using
death or first hospitalization due to cardiovascular cause as the primary endpoint, there was no
significant difference in outcomes between the placebo arm and the treatment arm of omega-3
supplementation (p=0.64). Even when accounting for diabetes and cardiovascular risk factors as
interacting variables, the difference was not significant (p=0.68). Thus, based on ORIGIN and the
follow-up ancillary studies, there was no significant benefit of omega-3 fatty acids in reducing the
risk of death or hospitalization from cardiovascular causes.

▪ In conclusion, Dr. Maggioni summarized that the higher the risk status of the patient,
the greater the benefit of omega-3 supplementation seems to be. He suggested that the
European Society of Cardiology (ESC) guidelines on primary prevention, dyslipidemia, post-
myocardial infarction prevention, and heart failure are all valid because of the marginal benefit the
supplementation provides. The ESC recommends eating fish at least twice a week and also states
that an omega-3 supplementation may be considered for patients treated with an ACE inhibitor,
beta-blocker, and MRA/ARB. These guidelines are supported by a 2B level of proof, adding some
amount of credibility to these suggestions.

▪ Dr. Maggioni indicated that the ASCEND trial, a 2x2 factorial study of aspirin versus
omega-3 fatty acid supplementation, is expected to complete in December 2016 and
will provide additional data for patients with diabetes. The study consists of 15,480
patients with diabetes without occlusive arterial disease. Its primary outcome measure is the
combination of non-fatal myocardial infarction and non-fatal stroke or vascular death. Currently,
this study has completed recruitment and should provide more comprehensive evidence on the
potential effects of omega-3 fatty acid supplementation on cardiovascular health.

Questions and Answers

Q: Why did you use a dosage of 1 g omega-3 fatty acid in your studies instead of 3 g or 9 g,
which are more conventionally used?

A: We started with the 1 g dose because the other trials conducted before were simply testing dietary advice.
Previous trials showed benefit for the 1 g dosage. For this reason, we repeated the same scheme. When you
use higher doses, you probably have better effects, but there are also some problems in patients who are under
treatment with anticoagulants. In my opinion it is difficult to imagine a beneficial effect in patients with
diabetes.

Symposium: New Insights Into Treatment of Diabetic Retinopathy and Other Complications

THE MEDALIST STUDY

George King, MD (Joslin Diabetes Center, Boston, MA)

Dr. George King discussed the Medalist study conducted at the Joslin Diabetes Center in the context of
diabetic retinopathy. The Medalist study seeks to explore what potential protective factors these patients
may have had in halting the progression of retinopathy. He then proposed multiple mechanisms for diabetic
retinopathy. The results of existing trials have not been very robust, but they have revealed that
angiogenesis and leaking occurs very late in the retinopathy cascade. He concluded that there were no
common protective factors identified between retinopathy and neuropathy, and called for additional study
based on proteomics data.

▪ Dr. King summarized the methods and results of the Medalist study, which identified
850 50+ year survivors of type 1 diabetes to identify potential protective factors that
these patients may have had. He noted the success of the entirely voluntary Medalist trial and
its 90% retention rate in the patients. One of the most remarkable characteristics of the patients was
that about 45% of the medalists did not have significant proliferative diabetic retinopathy (PDR).
Risk factors for PDR in this group did not correlate with A1C, C-peptide, or presence of
autoantibodies. Medalists did not have kidneys typical of patients with type 1 diabetes; their kidneys
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did not lose function, but some still had retinopathy, indicating that protective factors in the eye and
kidney may differ.

▪ Dr. King revealed that based on cell-based assays, there were no common protective
proteins between retinopathy and nephropathy. Patients with no kidney disease had 15
protective anti-oxidative and anti-inflammatory proteins, none of which are shared with the
protective elements of retinopathy. Dr. King hypothesized that further proteomics data from donor
organ studies would provide further clues about the protective factors.

NOVEL PHARMACOTHERAPIES

Arup Das, MD (University of New Mexico, City, NM)

Dr. Arup Das summarized updates to the treatment of diabetic retinopathy and lessons learned from these
updates. He also discussed potential treatment targets for the future. He noted concern with conventional
therapy via pan-retinal photocoagulation (PRP), noting several treatment complications such as loss of
peripheral and night vision, as well as an increase in macular edema. As a result, he recommended anti-
VEGF treatment over PRP in treating diabetic macular edema (DME). However, he noted some flaws in
anti-VEGF monotherapy, such as the transience of its efficacy and residual macular edema. Looking
towards future clinical targets for DME, Dr. Das listed various other molecules involved in the retinopathy
pathway such as angiopoietin, tumor necrosis factor, MCP-1, CCL2/CCR2, and the Kallikrein-kinin system.

▪ Dr. Das recommended anti-VEGF agents over laser therapy to treat DME. He noted
concerns with the conventional therapy of panretinal photocoagulation, which sometimes resulted
in loss of peripheral and night vision, as well as worsening macular edema. Citing evidence from a
large list of diabetic retinopathy anti-VEGF trials with laser therapy as the active comparator, Dr.
Das demonstrated that there was significant comparative benefit in the use of anti-VEGF treatment
in improving visual acuity (READ-1, BOLT, A5752013, RESOLVE, RIDE/RISE, DRCR Protocol 1,
DA VINCI).

▪ In addition to the use of anti-VEGF agents as first-line therapy for DME, Dr. Das
recommended adding-on laser therapy as the most effective combination. One of the
conclusions from the DRCR trials was that 50% of patients still had residual macular edema after
anti-VEGF treatment. One of his suggestions was to have higher-dose anti-VEGF therapy, which
seemed to have no toxic effects based on the most current studies. He also noted that anti-VEGF
treatments had a transient effect, and macular edema returned after injections were stopped in
patients.

▪ Due to a lack of long-term resolution with monotherapy, Dr. Das recommended
targeting other pathways simultaneously in order to have long-acting reduction of
macular edema. Dr. Das named a variety of mechanisms such as the inflammatory response,
hypoxia, and hypertension that led to macular edema as a diabetes complication. Some of the
potential target molecules he named were angiopoietin, tumor necrosis factor alpha, MCP-1, CCL2/
CCR2, and the Kallikrein-kinin system.

THE IMPORTANCE OF GLUCOSE AND LIPID CONTROL IN RETINOPATHY

Anthony Keech, MD, PhD (University of Sydney, Sydney, Australia)

Dyslipidemia has long been associated with retinopathy. Even though statins are now a mainstay in the
treatment of diabetes, according to Dr. Anthony Keech, statins do not appear to reduce rates of diabetic
retinopathy. He presented evidence for fenofibrate's powerful effect on reducing progression of diabetic
retinopathy. The FIELD study and the ACCORD eye lipid arm were two large, prospective studies showed
that fenofibrate use reduced progression of diabetic retinopathy and reduced the need for laser
intervention: the FIELD study found a 31% reduction in the need for laser therapy amongst 10,000 patients
with diabetic retinopathy, and the ACCORD eye lipid arm found a 40% reduction in progression of DR by
fenofibrate compared to placebo (both on top of simvastatin). Dr. Keech cited fenofibrate's known anti-
inflammatory and anti-oxidative effects as putative mechanisms. FIELD and the ACCORD lipid study also
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found that fenofibrate reduced CV events (particularly in the subgroup with dyslipidemia), reduced
amputations attributable to microvascular defects, and reduced albuminuria compared to placebo.

Symposium: Joint ADA/AACC Symposium-Newer Biomarkers in Diabetes-Do They Add
Value?

PREDICTING CARDIOVASCULAR RISK IN DIABETES - ARE EMERGING MARKERS BETTER
THAN LIPIDS?

Mikhail Kosiborod, MD (St. Luke's Mid America Heart Institute/University of Missouri-
Kansas City, Kansas City, MO)

Dr. Mikhail Kosiborod evaluated the current risk assessment tools for cardiovascular disease and assessed
the benefit of novel risk markers such as coronary artery calcium (CAC). Among the standard risk tools, he
evaluated the Framingham Risk Score (FRS), Reynolds Risk Score (RRS), and United Kingdom Prospective
Diabetes Study (UKPDS) for accuracy, all of which, in his view, were only moderately effective in CVD risk
prediction. For novel risk assessment tools, Dr. Kosiborod set six criteria for efficacy - proof of concept,
prospective validation, incremental value, clinical utility, clinical outcomes, and cost-effectiveness.
Preliminary studies of CAC indicated that it fit all or most of the criteria, and is currently recommended
(level 2A evidence) for asymptomatic adult patients with type 2 diabetes over the age of 40. Specifically, the
EISNER randomized controlled trial of 2,137 patients without a history of cardiovascular disease found that
CAC scanning improved a number of markers for CV risk (including LDL cholesterol and systolic blood
pressure) as well as producing savings in procedure and medication costs.

▪ Dr. Kosiborod stated that the standard CVD risk assessment tools - FRS, RRS, and
UKPDS were only moderately effective in predicting CV events in patients with type 2
diabetes. Regarding the discriminating ability of the risk tools, FRS, RRS, and UKPDS tools have c-
statistics of 0.673, 0.657, and 0.670 respectively (a perfect c-score of 1 indicates a perfect
correlation). These values indicate a moderate correlation of actual versus predicted events.
Furthermore, Dr. Kosiborod stressed the importance of reclassifying patients in the "medium risk"
group (10-20% risk), since there are no clear guidelines for treating this group of patients.

▪ Dr. Kosiborod introduced coronary artery calcium (CAC) measured by electron beam
tomography as a potential marker with clinical significance, as well as increased
comparative efficacy versus existing risk assessment tools. CAC score has a very strong
correlation with risk in patients with diabetes, with significantly increased mortality at CAC >400
(n=10,377, p<0.0001). An ROC analysis comparing CAC score versus the UKPDS score and the
Framingham score found CAC to be the most accurate predictor of CV events (p<0.0001).
Furthermore, it has substantial incremental value as it reclassified 52% of patients in the medium-
risk category into low-risk or high-risk groups (n=235), which allowed for greater ease in clinical
decision-making.

▪ The EISNER randomized controlled trial (n=2,137) of patients aged 45-79 without
coronary artery disease or cardiovascular disease determined that clinical treatment
based on CAC scanning improved patient performance across a wide spectrum of
parameters such as LDL cholesterol and systolic blood pressure (p<0.001). The study,
which classified patients into a "no CAC scan" group only given clinical evaluation, questionnaire,
and risk factor consultation, and a "CAC scan" group with additional consultation based on the scan
results found significant cost-efficacy for the scan versus no-scan groups. There was a 37% reduction
in procedure costs and 26% reduction in medication costs for the scan group over 4 years (p<0.005).
Dr. Kosiborod indicated that further long-term clinical trials would conclusively determine cost-
efficacy.

Symposium: The Kidney's Unholy Triad-Obesity, Hypertension, and Hyperglycemia

ADIPOSITY - WHAT'S FAT GOT TO DO WITH THE KIDNEY

Allon Friedman, MD (Indiana University School of Medicine, Indianapolis, IN)
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In a packed session of roughly 700 people, Dr. Allon Friedman presented evidence on the association
between obesity and kidney disease as well as detailing current treatment approaches. Epidemiological
studies have found that people with end stage renal disease (ESRD) have higher BMIs than the general US
population (~28 kg/m2 vs. ~26.5 kg/m2 as of 2002), and the risk for kidney dysfunction increases with
various measures of adiposity: BMI, waist circumference, and fat mass. Strikingly, people with BMI ≥40
kg/m2 have a 15-40 times greater risk for diabetic ESRD than normal weight individuals. However,
prevalence of chronic kidney disease (CKD) is quite low (2%) in the obese population, indicating that not
everyone with obesity is at equal risk for CKD (details below). Dr. Friedman noted that the two currently-
available treatment options are weight loss and RAS inhibitors; to us, this underscored the lack of disease-
modifying treatment options. Importantly, Dr. Friedman discussed a number of limitations to the evidence
linking CKD and obesity: 1) epidemiologic data rely on estimated GFR, a surrogate for GFR; 2) there are
few available experimental studies, especially in CKD patients; and 3) there is a lack of rigorously designed
interventional studies.

▪ Dr. Friedman also suggested a number of putative mechanisms for obesity-related
kidney disease: 1) the fat infiltration hypothesis posits that excess kidney or visceral abdominal fat
could compress renal vasculature, impeding blood flow and inducing renal injury; 2) altered renal
hemodynamics in obese individuals (whereby GFR is markedly elevated potentially due to
alterations in the flow of electrolytes in the efferent glomerular arteriole) could, by sheer stress,
damage glomerular vasculature; 3) obesity is also associated with hypertrophy of the glomeruli,
which can lead to kidney damage if podocytes (cells wrapped around the capillaries of the
glomerulus) cannot hypertrophy enough to keep up; 4) podocytes also require insulin to remain
viable, so insulin resistance could cause them to malfunction or die; and 5) increases in the renin/
angiotensin axis hormones associated with obesity can increase the kidney's filtration fraction and
upregulate TGF-beta (which has been associated with kidney fibrosis).

▪ Not all people with obesity are at equal risk for developing kidney disease. Dr. Friedman
presented data showing that obesity itself is not sufficient; people with both obesity and a low
density of glomeruli are at higher risk for developing disease. He stated that we know glomeruli
develop until 36 weeks of gestational age, so premature babies likely have relatively fewer glomeruli.
It may be this particular subgroup at risk for obesity-related kidney disease.

▪ Current treatment options for kidney disease in obese individuals include weight loss
and inhibiting the RAS axis (ACE inhibitors and ARBs). RAS inhibitors have a more
protective effect in groups with higher BMIs. Surgical vs. non-surgical methods of weight loss have a
similar effect on microalbuminuria and glomerular filtration rate (GFR) (however, surgical weight
loss has a slightly better effect on estimated GFR than non-surgical weight loss, though this result
may be confounded by the fact that creatinine levels decrease with decreasing muscle mass, and
creatinine is one element in the equation used to estimate GFR).

▪ Estimated GFR is not a rigorous marker of kidney function. The equations for estimating
GFR lack validation in obese people. Additionally, these equations account for body size by
normalizing by body surface area, which biases studies toward lower GFR in larger individuals.
Finally, creatinine, which is an element of the equations for estimating GFR, is derived from muscle
and from dietary meat intake. Thus, changes in body mass or diet will bias results.

Questions and Answers

Q: So, people with CKD are always obese but the opposite is not always true?

A: That's my clinical experience and what the evidence suggests. So a segment of the population may be at
higher risk but it's not every obese individual.

HYPERGLYCEMIA 101 - WHAT'S DIFFERENT WITH CHRONIC KIDNEY DISEASE?

Robert Nelson, MD (NIDDK, Phoenix, AZ)
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Dr. Robert Nelson began by outlining the large scope of the challenges we face with diabetic kidney disease.
Notably, a 2011 JAMA article estimated that 34.5% of people with diabetes show some signs of kidney
dysfunction (albuminuria, reduced glomerular filtration rate [GFR], or both). Seven-year mortality in the
type 1 diabetes FinnDiane study suggested that a person with end stage renal disease (ESRD) has a 14 times
higher risk for dying than a person with normal kidney function. While landmark trials such as DCCT/
EDIC, UKPDS, ACCORD, ADVANCE, and VADT have all found that intensive glucose control prevents
albuminuria, few trials have examined outcomes. Therefore, Dr. Nelson cautioned that the benefits of
glycemic control for CKD must be weighed against the potential harm of intervention (i.e., hypoglycemia).
Lastly, Dr. Nelson detailed other considerations to take when treating a person with advanced CKD: people
with ESRD are at increased risk for severe hypoglycemia; A1c may not be a reliable measure of glucose in
ESRD; and while the risk for lactic acidosis on metformin is increased in people with kidney disease, Dr.
Nelson suggested that we may currently be a bit overly- cautious with the drug.

▪ Studies on using intensive glycemic control reducing kidney complications are based
almost exclusively on preventing microalbuminuria or macroalbuminuria rather than
the hard outcome of ESRD progression. While landmark trials such as DCCT/EDIC, UKPDS,
ACCORD, ADVANCE, and VADT all found that intensive glucose control prevents albuminuria, few
trials have examined outcomes. DCCT/EDIC showed an 84% risk reduction for progression to
macroalbuminuria after the nine-year EDIC follow-up post-DCCT close-out; UKPDS, ACCORD,
ADVANCE, and VADT all found ~30-40% reduction in new macroalbuminuria and a 9-27%
reduction in new microalbuminuria.

▪ Therefore, Dr. Nelson cautioned that the benefits of glycemic control must be weighed
against the potential harm of intervention (i.e., hypoglycemia). Dr. Nelson noted that the
ADA and National Kidney Foundation, in their latest recommendations, have recognized the need
for less stringent glycemic control targets for certain patient groups. This point seemed a bit over-
emphasized in our opinion; we believe that for most people with diabetic kidney disease, the value of
glycemic control is very well accepted. However, since people with ESRD are at higher risk for severe
hypoglycemia, we understand the need to take greater caution in glucose-lowering therapies for this
population.

▪ Dr. Nelson also outlined other factors that complicate treatment for CKD in people
with very advanced kidney disease:

◦ A1c may not be an accurate measure of glucose in ESRD due to reduced red blood cell
lifespan and hemolysis. However, Dr. Nelson still believes A1c measurements are valuable in
this population; data from the Dialysis Practice and Outcomes Study (DOPPS) showed that the
hazard ratio for mortality in 9,201 hemodialysis patients with diabetes was higher for people
outside the reference A1c group of 7.0-7.9%.

◦ While the US FDA suggests stopping metformin treatment at a serum creatinine
of 1.5 mg/dl in men and 1.4 mg/dl in women in order to reduce risk of lactic
acidosis, Dr. Nelson still believes it is a useful glucose-lowering agent for people
with advanced CKD. He noted that the UK uses GFR cutoffs of <45 ml/min/1.73 m2 for
reducing the dose and <30 ml/min/1.73 m2 for stopping the drug.

HYPERTENSION IN DIABETES - WHAT'S REALLY KNOWN?

George Bakris, MD (University of Chicago Medical Center, Chicago, IL)

Dr. George Bakris addressed several points reviewing the role of hypertension in diabetic kidney disease.
He cited key studies and offered his perspective on new clinical practice guidelines. In his opening
statements, he related a pithy analogy: "If diabetes is the fire, hypertension is the gasoline being added to
the fire." Addressing the interaction between kidney disease and hypertension, he concluded that chronic
kidney disease, defined as a glomerular filtration rate (GFR) below 60 mL/min/1.73 m2, indeed proved to
be an independent risk factor for all cause mortality. However, he made the distinction that he did not
consider microalbuminuria as kidney disease at all, and that urine albumin was, at best, an inconsistent
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biomarker for impaired renal function. In 2013, ADA, KDIGO, and JNC all raised their blood pressure goals
for patients with diabetes and chronic kidney disease, reflecting more recent clinical findings that lowering
blood pressure below 130/80 mmHg did not provide significant comparative benefit. Dr. Bakris expressed
his approval for these changes, and also provided meaningful insight behind the burden of proof of each
KDIGO guideline for patients with diabetes and chronic kidney disease.

▪ Chronic kidney disease (CKD; defined as GFR <60 ml/ min/1.73 m2) is an independent
risk factor for mortality, and the mortality risk is exacerbated by hypertension. He
summarized the results of three seminal papers published in The Lancet, which were all large meta-
analyses spanning over a million patients. The first study demonstrated that the presence of kidney
disease and diabetes in patients trumped incidences of previous myocardial infarction in
determining risk for all coronary events (Tonelli et al. 2012). The second, study which sought to
determine whether hypertension worsened rates of mortality in patients with chronic kidney
disease, found that chronic kidney disease was indeed an independent risk factor for all-cause
mortality (Mahmoodi et al., 2012). The third determined that a combination of diabetes and
hypertension trumps the mortality risk caused by chronic kidney disease alone, but hypertension
alone does not contribute significantly to the overall risk (Fox et al., 2012). Due to the significant
risks presented by chronic kidney disease, Dr. Bakris stated that the issue of impaired renal function
could be completely avoidable if the patient's (GFR) did not fall below 60 mL/min/1.73 m2.

▪ Dr. Bakris emphasized very strongly that he did not consider microalbuminuria to be
a clinically relevant kidney disease. He repeated this point several times, stating that at best,
urine albumin was an inconsistent biomarker for renal impairment. Dr. Bakris stated that currently,
the FDA does not accept microalbuminuria as a surrogate for nephropathy progression even if blood
pressure is reduced. With four distinct patterns of microalbuminuria, there is no consistent method
of diagnosing impaired renal function. Furthermore, there is no additional benefit of chronic kidney
disease outcome in patients with normal or microalbuminuria over a blood pressure control.

▪ In 2013, the ADA, KDIGO, and JNC raised blood pressure goals for patients with
diabetes and chronic kidney disease to 140/80-90 mmHg (all three recommended
130/80 mmHg in 2012). Dr. Bakris, expressed approval for these changes, arguing that there is
no clinical benefit to reducing blood pressure below 130/80 versus below 140/80-90 mmHg. Large
CV outcomes trials supported his statement - ACCORD, INVEST, and ACCOMPLISH, all studies
with large diabetic cohorts, established that there was no significant cardiovascular benefit to
reducing blood pressure below 130 mmHg. Dr. Bakris stated that the societies acknowledged that
the level of evidence previously supporting the 130/80-90 mmHg goals (level 2D evidence) meant
that the recommendation was "probably far from the truth and probably not consistent with reality."

Symposium: Joint ADA/ASN Symposium-From Mice to Men and Back in Diabetic Kidney
Disease

TRANSCENDING BETWEEN SPECIES - TRANSCRIPTOMICS

Jeffrey Hodgin, MD, PhD (University of Michigan, Ann Arbor, MI)

Dr. Jeffrey Hodgin noted that basic research on the pathogenesis of diabetic nephropathy (DN) has been
limited by the lack of reliable mouse models that accurately represent the human disease. In his
presentation, Dr. Hodgin described a cross-species systems biology approach that allows for the unbiased
dissection of molecular pathways either common to, or unique between, the human and mouse models. In
the presented study, investigators generated and analyzed three shared human-mouse glomerular
transcriptional networks from a cohort of humans with type 2 diabetes and three mouse models of DN.
Gene lists were compiled into node-centered functional networks to display transcription dependencies. The
study utilized TALE (a tool for approximating large graph matching) to distinguish the nodes by their
relative importance in the graph structure. The important nodes were matched, then extended to enclose
nearby nodes to allow a certain degree of mismatch within genetic "neighborhoods." The study then used a
systems biology approach to define robust glomerular transcriptional networks shared between humans
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with diabetes and mouse models of DN, which allowed the investigators to explicate the genes that are most
likely to contribute to DN. These signaling pathways serve as excellent targets for future endeavors to create
mouse models that more sufficiently recapitulate the molecular pathogenesis of human DN.

▪ Dr. Hodgin noted that the integrated systems biology approach to diabetes
complications crosses multiple disciplines and has a larger context beyond
microvascular complications. Significant work remains to improve the mouse-to-man
translation, especially when one considers the new studies looking at genomic response comparisons
between the two species. Dr. Hodgin noted that this approach can be extended to investigate many
mouse-to-human models beyond DN.

Questions and Answers

Q: You used albuminuria as an endpoint in this trial, but in this disease, it's somewhat
questionable if there will be significant effect. What would you look at as a biomarker?

A: I spend too much time with mice. First I'd like to say that the Jak 2 data was in part done that way because
of the difference between mice and humans. Mice basically don't get tubular interstitial changes, which is why
we wanted to alter Jak 2 expression to exacerbate the phenotype. Further plans would be to overexpress it in
the tubules as well. From a biomarker point of view for these, I would like to see urine from the animal models
to look for the same biomarkers that we might pick for the human. But we haven't really gotten there yet. I
think that personally, our best option is with microsomes that seem to be stable.

Q: For the JAK 2, was there functional data showing that Jak 2 expression actually helps? It
could be upregulated or downregulated in defense. The second question I have is that there
are lot of differences between models; is there any interest in looking at subtractive
transcriptomics, looking at things that are different?

A: The point I would like to make is that this data needs to be validated and rerun and experimented in vivo
even more. This gives us targets to follow up.

Comment: Just a comment on the paper that you highlighted on inflammatory responses in
mice and humans. The interesting point about that is if you look at mice genomes compared to
human genomes, there are three places where there are no overlaps. For example, mice have
fur, and keratins are absolutely orthologous between human and mice. It so happens that
inflammation is another one of those functional areas where there are very few orthologs
between species. Mice models tell us what they can tell us, but they can't tell us areas of
research where we are blind.

Q: Have you done any rat models as opposed to mice models?

A: We have a study going on now; it's not in diabetes, but DN will be right after. What we need to do, what I'd
like to do with this approach, is to systematically go through each of these models. We need to do more
comparisons with mice, but also the same comparisons in rats.

Symposium: So Your Patient Has Diabetic Kidney Disease-Now What?

DIABETIC KIDNEY DISEASE: CARDIOVASCULAR RISK IMPLIFIER - WHAT WORKS, WHAT
DOESN'T?

Maryam Afkarian, MD, PhD (University of Washington , Seattle, WA)

Dr. Maryam Afkarian gave a clear, evidence-based talk on managing cardiovascular risk in diabetic kidney
disease. She explained that the two main markers of diabetic kidney disease (albuminuria and impaired
glomerular filtration rate) are strongly, independently associated with cardiovascular mortality in both
type 1 and type 2 diabetes (De Boer et al., Diabetes Care 2009; Ninomiya et al., J Am Soc Nephrol). In
contrast, among patients with type 1 or type 2 diabetes whose kidney function is normal, mortality rates are
similar to those for people without diabetes (Groop et al., Diabetologia 2009; Afkarian et al., J Am Soc
Nephrol). Unfortunately, diabetic kidney disease is increasingly prevalent (De Boer et al., JAMA 2011), and
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data are limited on how these patients respond to different CV-protective therapies. Dr. Afkarian knows of
no trials or post-hoc analyses about how glucose control affects CVD in diabetic kidney disease specifically,
but she suggested that safety concerns are associated with A1c targets should be relaxed in type 2 diabetes
patients who have kidney disease (as for other comorbidities and risk factors). She said that from the
perspective of CV risk reduction in these patients, glycemic control appears less important than
management of blood pressure and lipid levels. However, she clarified that glucose-lowering therapies are
still important for preventing other complications.

Questions and Answers
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Q: Among hypertension, hyperlipidemia, and hyperglycemia, which has the upper hand with
regard to cardiovascular outcomes?

A: In the general population of people with type 2 diabetes, glycemic control seems not to do much for
cardiovascular risk, up to 10 years. Lipid management seems to have some benefit, and antihypertensives
show an undisputed benefit. But other organs besides the heart are affected by glycemic control, so that is still
important.

Symposium: Sleep-A Novel Behavioral Target in Diabetes?

SLEEP AND GLUCOSE REGULATION - BEHAVIORAL AND PHYSIOLOGICAL LINKAGES

Eve van Cauter, PhD (University of Chicago Medicine, Chicago, IL)

While we are familiar with worldwide epidemic of diabetes and obesity, Dr. Eve van Cauter emphasized a
less-discussed giant: the increased prevalence of short and poor sleep in today's society and how this
impacts diabetes. She showed that consistently across studies of reduced sleep (<5 hours/night) or low
quality sleep (non-REM), people have decreased insulin sensitivity, glucose tolerance, and an acute insulin
response, suggesting a higher risk of diabetes. For the second half of her talk, Dr. van Cauter emphasized
that obstructive sleep apnea (OSA), which affects two out of three people with type 2 diabetes, should be a
much greater focus in diabetes treatment. She particularly focused on continuous positive airway pressure
(CPAP), which she said should be used for more than three-to-four hours per night. She also highlighted the
opportunity and need to improve OSA devices, given that 20% of patients using CPAP discontinue therapy
due to the product's inconvenience. Finally Dr. van Cauter briefly mentioned how circadian clock
misalignment may have metabolic implications, citing studies of night- shift workers who display increased
A1c levels and high rates of obesity.

▪ Dr. van Cauter emphasized that obstructive sleep apnea (OSA) should be a much
greater focus in diabetes treatment. OSA affects roughly two out of three people with type 2
diabetes (prevalence ranges from 58-86% across five studies). Patients suffering from this
comorbidity experience sleep fragmentation, reduced total sleep time, and low-quality sleep.
Another result of the difficulties breathing is intermittent hypoxia, which promotes insulin
resistance and impairs beta cell function. Furthermore, an increasing severity of sleep apnea is
associated with an increase in A1c levels after adjusting for race, age, BMI, years since type 2
diabetes diagnosis, and insulin use (p=0.006 for linear trend).

▪ Continuous positive airway pressure (CPAP) is the best treatment, but it is often not
applied, and the inconveniences of the device cause 20% of patients to discontinue
treatment. Dr. van Cauter asserted that patients should use CPAP much more than just three- to-
four hours for it to be effective, especially to achieve restorative REM sleep. In some preliminary
data, Dr. van Cauter showed that patients who used CPAP for over seven hours in an overnight
laboratory setting displayed a lower postprandial glucose at breakfast (down 18.3 mg/dl, which
translates into an A1c reduction of roughly 0.5%).

Symposium: Defective Hypoglycemia Counterregulation and Associated Autonomic Failures
in Diabetes Mellitus-Mechanisms, Prevention, and Reversal

MECHANISMS INVOLVED IN HYPOGLYCEMIA UNAWARENESS IN DIABETES MELLTIUS

Elizabeth R. Seaquist, MD (University of Minnesota, Minneapolis, MN)

Dr. Elizabeth Seaquist discussed the mechanisms involved in hypoglycemia unawareness and
hypoglycemia-associated autonomic failure (HAAF). She reviewed studies in which hypoglycemia unaware
patients were exposed to radioactive glycogen to trace its uptake and metabolism. Data from these studies
supported the hypothesis that following a hypoglycemic episode, the liver overcompensates and generates a
greater storage of glycogen (that can be used in case hypoglycemia occurs again; this response has been
termed "supercompensation"); however, the data did not support the theory that increased brain glycogen
levels represent a mechanism for HAAF. Dr. Seaquist explained that the blood glucose levels reached to
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induce hypoglycemia in the patients may not have been low enough to induce glycogenolysis (the
breakdown of glycogen to glucose) in patients with HAAF, potentially confounding the results. While the
results were inconclusive, we hope that this investigation will continue to elucidate the underlying
mechanism of HAAF and hypoglycemia unawareness.

Symposium: Inflammation, Cardiovascular Disease, and Diabetes (Supported by Merck)

INSULIN RESISTANCE AND CARDIOVASCULAR DISEASE - A COMMON
PATHOPHYSIOLOGIC LINK THROUGH INFLAMMATION?

Ippei Shimizu, MD, PhD (Boston University, Boston, MA)

In order to elucidate the connection between insulin resistance and cardiovascular disease, Dr. Shimizu
discussed how the two conditions converged in relation to inflammation via expression of the p53 gene.
Though p53 expression was identified as a major connection between heart failure, obesity, and adipose
inflammation, Dr. Shimizu admitted that it is not a viable therapeutic target because of its cancer-
suppressing effects. However, the Sema3e/PlexinD1 pathway, located downstream of p53 expression, was
found to induce adipose inflammation and systemic insulin resistance. The Sema3e/PlexinD1 pathway may
instead be a novel and attractive therapeutic target to consider in future research.

▪ White adipose p53 gene expression increases in obese individuals, inducing adipose
inflammation and insulin resistance. The p53 gene, also known as the tumor suppressor gene,
is involved in DNA repair, cell cycle regulation, and apoptosis. Adipose tissue experiencing oxidative
stress, DNA damage, and telomere dysfunction increases p53 expression, which induces adipose
inflammation, contributing to insulin resistance and the development of diabetes mellitus.

▪ Heart failure was also shown to promote systemic insulin resistance via p53. Heart
failure induces adipose tissue inflammation, which increases p53 expression leading to systemic
insulin resistance via the NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells)
pathway.

▪ Excessive cardiac insulin signaling exacerbates heart failure by promoting cardiac
hypertrophy and insufficient vascularity. Thus, in a vicious cycle, insulin resistance in cells is
a risk factor for future development of heart failure.

▪ Sema3e/PlexinD1 gene expression is induced by p53 expression and may be a less
dangerous therapeutic target than p53. In the Sema3e/PlexinD1 pathway, Sema3e induces
macrophage infiltration (plexinD1 positive cells) via chemoattraction, leading to inflammation.
Blocking inflammation may inhibit the destructive relationship between cardiovascular disease and
insulin resistance. Thus, inhibiting the Sema3e/PlexinD1 pathway could be crucial for treating
adipose inflammation and metabolic dysfunction in obesity.

Symposium: Diabetes in Older Adults (Supported by an independent educational grant from
Boehringer Ingelheim Pharmaceuticals, Inc. and Eli Lilly and Company)

IMPACT OF DIABETES ON COGNITIVE FUNCTION IN THE ELDERLY

Simon Fisher, MD, PhD (Washington University at St. Louis, St. Louis, MO)

In his evidence packed presentation, Dr. Simon Fisher provided an overview of work examining whether
diabetes alters the course of cognitive decline, and whether diabetes medication can reverse or slow down
that decline. He noted that although there appears to be no correlation between diabetes and Alzheimer's
dementia, there is evidence that vascular dementia is associated with diabetes (e.g. Cheng, Dementia and
Geriatric Cognitive Disorders 2011; Xu, Neurology 2004). Dr. Fisher also presented data that a lower age of
diabetes diagnosis-under 85-, longer duration of diabetes, higher A1c levels, and more complications are
associated with higher cognitive decline in patients with diabetes (Silkens et al., American Journal of
Epidemiology 2013). The data, however, do not provide solid evidence that cognitive decline is associated
with diabetes in individuals without any baseline dementia. He also highlighted that hypoglycemia is highly
associated with increased cognitive decline. He noted that diabetes drugs might help reduce cognitive
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decline; he specifically highlighted insulin and rosiglitazone. One study demonstrated that rosiglitazone
preserves cognition in individuals with early Alzheimer's (Watson et al., American Journal of Geriatric
Psychiatry 2005). We found Dr. Fisher's presentation of these findings to be noteworthy considering the
controversy surrounding the CV safety of rosiglitazone. Dr. Fisher emphasized throughout his talk that
additional, longer studies are necessary to tease apart associations and potential causation between
diabetes and cognitive decline.

Questions and Answers

Q: Let's say that you have a patient who is 75 and was recently diagnosed with diabetes. His
family has a history of dementia, and he wants to know what there is to prevent getting
dementia himself. Will his management of diabetes make a difference in his risk of getting
dementia?

A: There is an association between diabetes management and dementia. There is no evidence that tight
glycemic control will make a difference in whether or not he develops dementia. We would still encourage
lower A1c levels, however-just because the evidence is not there does not mean lower A1c levels do not help.

Interest Group Discussions: Professional Section Interest Group Discussion on Complications

COMPARING AND CONTRASTING OUTCOME STDIES OF INTENSIVE THERAPY IN TYPE 1
VS. TYPE 2 DIABETES: PATIENT CHARACTERISTICS AND OUTCOMES IN THE DCCT/EDIC
TRIAL

David Brillon, MD (Weill Cornell Medical Center, New York, NY)

Dr. David Brillon discussed patient characteristics that were associated with benefits and risks of intensive
glucose control in DCCT/EDIC. Several variables were associated with increased or decreased risk of
developing micro- and macrovascular complications in the trial: people that had sustained C- peptide and
lower advanced glycation end product (AGE) formation were at lower risk for developing complications.
However, people with a family history of type 2 diabetes, nephropathy, absent C-peptide, and increased
AGE formation were at higher risk for complications. Several variables increased the risk of experiencing
adverse events (AEs) in the intensive treatment group: prior hypoglycemia, absent C- peptide, family
history of type 2 diabetes, and adolescence all predicted increased rates of AEs. Present C-peptide was
associated with decreased rate of AEs.

RISKS VS BENEFITS OF INTENSIVE GLYCEMIC CONTROL IN TYPE 2 DIABETES: LESSONS
FROM ACCORD, UKPDS, AND ORIGIN

Matthew Riddle, MD (Oregon Health & Science University, Portland, OR)

In this thoughtful review, Dr. Matthew Riddle recommended glycemic control strategies for type 2 diabetes,
based on three major randomized controlled trials (ACCORD, UKPDS, and ORIGIN). He urged clinicians to
diagnose diabetes as soon as it occurs, and he suggested that A1c targets be stratified by risk (Riddle et al.,
Diabetes Care 2012). For people who have had diabetes for less than five years and who have few
comorbidities, he targets A1c <7.0%; for people with disease duration longer than 10 years and multiple
comorbidities, he targets A1c 7.0%-8.0%. For patients at intermediate risk, he targets A1c <7.0% but raises
the goal if A1c does not drop by 0.5% within six months - this is because in ACCORD, a failure to respond to
intensive therapy was associated with higher mortality. Dr. Riddle noted that we do not have enough data
on patients whose A1c is persistently above 8.0% and who have other comorbidities (e.g., proliferative
retinopathy, sustained proteinuria, severe hypoglycemia). However, he said that A1c targets of 8.0-9.0%
are probably suitable for many of these people. He also noted the dearth of data on people with
longstanding type 2 diabetes duration and low cardiovascular risk, since neither ACCORD, UKDPS, nor
ORIGIN enrolled such patients. He concluded by optimistically suggesting that the future could bring "fewer
hard decisions" and "more easy ones" - he proposed that if clinicians initiate intensive glucose control
immediately after diagnosis, they will ultimately have fewer "really difficult" patients to manage (Riddle et
al., Endocrinol Metab Clin NA 2012).
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PANEL DISCUSSION

David Brillon, MD (Weill Cornell Medical Center, New York, NY); Matthew Riddle, MD
(Oregon Health & Science University, Portland, OR)

Q: Dr. Riddle, can the people who are slow to decrease their A1cs be discriminated in terms of
CV risk factors?

Dr. Riddle: We haven't done a detailed analysis of who they are. It should be done. My expectation is they will
turn out to have a higher burden of complications at the outset. That hasn't been shown quantitatively yet. I
think an equally important point, that we actually did not collect data on, is the behavioral factors as well as
the physiologic factors. A lesson for future trials is that we need to be collecting behavioral information to
understand what it is that gets in the way.

Q: In ACCORD, there was a statistically significant increase in mortality among patients who
were randomized to both intensive glucose control and intensive blood pressure control. Have
you looked at whether hypoglycemia or other events influence this interaction?

Dr. Riddle: That analysis was just completed and accepted. No, we have not looked at hypoglycemia as a
predictor. Multivariate adjustments were done in some parts of study, but I don't think it was looked at closely
enough. Another possibility is that the blood pressure treatment caused unwanted effects that are as
important or more important than hypoglycemia - for example, bradycardia with beta blockers. Currently we
have more questions than answers.

Q: This is more of a comment - we are currently paid for performance, so there are criteria
that you're paid for based on how you achieve guidelines. The current A1c we're supposed to
achieve is <7%, so it seems like we'll have to make some serious adjustments to that.

Dr. Riddle: Yes, this is very personal of you to share. I'm not speaking for ACCORD or anything else, but I
think that's a dangerous kind of general principle because it encourages health systems and doctors to take
credit only for the easier to treat patients, and the difficult to treat patients are on their own. Having said that,
I believe we're moving pretty rapidly in all major guidelines and reimbursement structures toward the concept
that one size doesn't fit all and that excellent treatment for long duration patients probably includes A1c being
maintained carefully in 7-8% range. I don't think a one-size-fits-all <7% target will remain widely
recommended by anybody.

Q: In addition to evaluating the frequency of hypoglycemia, did you look at the impact of
baseline BMI and change in BMI during the period of observation, in terms of the risk of
cardiovascular or other events?

Dr. Riddle: That is a very difficult analysis. Dr. Vivian Fonseca led a writing group that has completed a
manuscript accepted for publication in Diabetes Care. In brief, the analysis was unable to determine whether
weight gain in the trial was associated with increased cardiovascular rate or mortality risk. The data on weight
gain were confounded by the weight loss that occurs in terminal illness and the weight gain that is a side effect
of some diabetes therapies. Nothing conclusive has been found with regard to weight gain, to my knowledge.

Q: In my experiments people who do not respond to medication tend to have bad lifestyle. So
my question is, how do you check the diet and exercise in those patients?

A: I would say the research studies haven't given us much direct guidance on this. Look AHEAD and DPP
have generated a lot of evidence on that. In clinical practice, the translation of dietary and nutritional
intervention studies into clinical practice is, as you suggest, a major goal. In our group we try very hard to
identify people's behavioral challenges and give the best guidance and support we can. At least where we live
the reimbursement support for lots of time spent on this is not very good. For us, as for many people, it's a
barrier for getting the best lifestyle effort for many patients.

Q: In ACCORD, was there a difference in insulin dose among those who died?

Dr. Riddle: This was on our list of unanswered questions. A paper is being presented tomorrow by ACCORD
group; I think it's an oral. You will see the data there. We analyzed exposure to insulin, both for all insulins
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and for prandial vs. basal, with cardiovascular mortality as the endpoint. It's very interesting data. I
encourage you to go to that session.

Q: From the DCCT/EDIC study, we haven't really seen the mortality data yet, if I remember
correctly, then there was a numerical imbalance not favoring intensive therapy in the original
DCCT trial. Will that mortality analysis be in the EDIC follow up analysis? Also, is there a
possible influence of hypoglycemia?

Dr. Brillon: Because of the young age of the cohort in the DCCT/EDIC, there weren't a lot of deaths in the
cohort, so it took some years to have sufficient numbers to allow for proper statistical analysis between the
two treatment groups. That event threshold has been reached. There is a manuscript being prepared.

We got in mortality. It was mentioned in the Saturday session. There was no increased mortality seen with
intensive treatment compared to conventional treatment. However, other aspects of that paper, including
analyses we got on hypoglycemia, are obviously embargoed for publication, but there was no increase in
mortality seen in DCCT/EDIC.

Q: Many studies prove that controlling A1c cannot make patients immune from complications.
In the future, might we look for other biomarkers for complications?

Dr. Brillon: At this time we don't have a lot of other biomarkers that we can use in terms of glucose effects. I
alluded to AGE biopsies; many other studies have used serum or urine measures of AGE products. These tests
appear to indicate predictive ability of these biomarkers with regard to microvascular complications. In some
cases these appear to be independent of A1c. Also, enhanced formation of AGEs may help to identify people at
increased risk of developing microvascular disease. This may explain why some individual patients have
complications despite stringent glucose control, and others have high A1c but no complications. We have no
ways to intervene based on AGE findings, but this is an area of some future importance.

Dr. Riddle: There is a longstanding hypothesis that glycemic variability contributes to the risk of
complications, independently of A1c. Epidemiological data suggest that this may be the case. I know for sure
of only one trial that is attacking this issue, because I am involved in it. Dr. Irl Hirsch and Dr. Jeff Probstfield
are leading a randomized controlled trial in patients with type 2 diabetes. The comparison is between basal/
bolus insulin and basal insulin with two-to-three injections of short-acting GLP-1 agonist per day. The
thought is that the GLP-1 agonist might blunt postprandial glycemic variability. The study also includes
holter-monitor measurements of cardiovascular health. For now, we still don't know.

Q: What is the mechanism for the hypoglycemic preconditioning?

Dr. Riddle: Right now it's an observation. As you know Philip Cryer and others have written extensively about
physiologic changes that occur with blood sugar below 70 mg/dl. And included in what happens is a blunting
of the ability to sense hypoglycemia (hypoglycemia unawareness). This is a diminution of the catecholamine
secretory response and other physiologic changes too. What I believe right now is that part of this is nature's
adaptive response to falling glucose, which has some favorable parts to it: a newborn child or a very ill dying
patient with a glucose level chronically below 50 mg/dl doesn't have constant symptoms. That might be
viewed as a favorable thing. But of course hypoglycemia unawareness allows glucose to gets to the level where
the brain doesn't function. That's a very serious problem leading to traffic accidents, etc. A big problem is that
a vulnerable patient with cardiovascular disease without prior hypoglycemia, if exposed to hypoglycemia, may
have a surge of catecholamine response causing arrhythmias. Blunting of catecholamines in that setting may
protect against death.

Interest Group Discussions: Professional Section Interest Group Discussion on Exercise

DOES PHYSICAL ACTIVITY AFFECT DIABETES-RELATED OUTCOMES INDEPENDENT OF
WEIGHT LOSS?

John Jakicic, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. John Jakicic discussed the effect of physical activity on diabetes-related outcomes - specifically in the
Look AHEAD trial, which randomized 5,145 patients into either a Diabetes Support and Education group
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(DSE, n=2,570) or an Intensive Lifestyle Intervention group (ILI, n=2,575). At one year, the DSE and ILI
groups achieved unadjusted increases of 5% and 20% in fitness levels (defined as the maximal metabolic
equivalents achieved). After adjusting for baseline metabolic equivalents and one-year weight change, the
DSE group achieved a 10% increase in fitness while the ILI group achieved a 15% increase in fitness. At four
years, however, the change was significantly muted. Adjusting for baseline metabolic equivalents and four-
year weight change, the DSE group achieved a 0.94% increase in fitness, while the ILI group achieved a
3.7% increase in fitness. Although sustaining increased fitness seemed difficult over four years, Dr. Jakicic
demonstrated a weight-independent decrease in A1c levels for increasing levels of fitness. When
categorizing fitness levels into quintiles, Dr. Jakicic once again demonstrated that physical fitness was
associated with dose-dependent decreases both in the risk of reaching an A1c>7% and in the risk of
developing hypertension. Dr. Jakicic concluded that physical activity and fitness appear to be associated
with improvements in diabetes management and its related outcomes. In some cases, these associations
appear to be independent of weight loss, but this is not known to be a definitive truth. He called for
continued focus on physical activity as an important intervention target in patients with diabetes,
particularly if physical activity results in improved fitness. In his final comments, Dr. Jakicic appeared to
nod to the halting of Look AHEAD when he opined that researchers should not singularly focus on mortality
as an outcome. In many cases, improving the quality of life through measures like physical activity is
important even in the face of unimproved mortality.

PANEL DISCUSSION

Bret Goodpaster, PhD (University of Pittsburgh, Pittsburgh, PA); John Jakicic, PhD
(University of Pittsburgh, Pittsburgh, PA); Edward Gregg, PhD (Centers for Disease Control
and Prevention, Atlanta, GA)

Questions and Answers

Q: The inflammatory effects of type 2 diabetes have been going on so long that the effects of
fitness would have to go on for much longer than our current interventions track. I think we're
way behind how to manage inflammatory problems.

Dr. Jakicic: I agree. It's hard when you're locked into a five-year grant. We do need trials that are long term.
Even in the DPP, it's hard to do long trials where enough people are compliant.

Q: 800 kcal/week is not a lot of physical activity. If I did that my VO2 Max wouldn't go up.

Dr. Jakicic: You have to look at the intensity of the intervention. Understand that while physical activity is
important, the number of people working on the trial who have physical activity expertise is a fraction of those
who have weight-loss expertise.

Q: How did your data split out by age? I know in DPP, the older participants took on increased
physical activity faster than the young people.

Dr. Jakicic: I know we have the data, but I don't recall this per se. You see the same effect on weight loss
though, that older people are feeling better, earlier. We did a study on mentoring, where you take a person
that's been successful and hook them up with a person just starting an intervention. This piece of sustaining
physical activity is missing from the research history.

Dr. Gregg: To be technical, you could be seeing a case where the minority of cases is driving the effect.

Q: Does the effect of physical activity really come down to compliance and adherence? Is there
really a resistance to physical activity?

Dr. Gregg: This is out of my league. You see the beneficial effects on such diverse populations; this suggests
that anyone can see the benefit.

Dr. Jakicic: I like to use the term responder and non-responder. Some folks say they don't enjoy it. There's a
potential for a "sedentary" gene. For some people, when you become physically active, hunger and satiety
changes with great variability - some people become hungrier, others more satiated.
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Q: Can you comment on aerobic and anaerobic (resistance training)?

Dr. Jakicic: For diabetes, there are well-controlled studies showing that both are important for different
reasons. If it's about energy burn, the biggest barrier to activity is not having enough time. In terms of calorie
burn, you'll get more out of aerobic training in less time. But anaerobic training will give you metabolic
benefits and muscle mass. The latter has a cost and accessibility issues.

Dr. Gregg: The DPP focused on walking and aerobic exercise. The finished study made use of circuit training.
So in this instance it was both.

Q: When you combine this with other factors of lifestyle intervention, does compliance
increase?

Dr. Jakicic: In some ways they are associated. In trials where we look at the association between physical
activity and body weight, we find that people more compliant with physical activity, they also engage in a
cluster of behaviors where they are more compliant. But this does not suggest that exercise is causing the
added adherence.

Corporate Symposium: New Frontiers and Emerging Treatment Paradigms for Optimizing
Cardiovascular Outcomes in Type 2 Diabetes (Sponsored by BMS/AZ)

THE BURDEN, EPIDEMIOLOGY, AND CHALLENGES OF CVD RISK REDUCTION IN T2D:
CRITICAL INTERFACES AMONG DIABETES, MACROVASCULAR DISEASE, AND
TREATMENT STRATEGIES FOR MULTIMODAL CV RISK REDUCTION - THE DIABETES
SPECIALIST'S PERSPECTIVE

Vivian Fonseca, MD (Tulane University Health Sciences Center, New Orleans, LA)

Dr. Fonseca began his talk with the argument that diabetes is no longer a CVD risk equivalent, because risk
varies greatly on an individualistic basis. The drive of many initial anti-diabetes therapies was to
intensively control glucose with hopes of eliminating CVD, though results to date have been conflicting.
While microvascular disease is reduced by effective glycemic control, CVD outcomes in major clinical trials
have produced mixed, non-conclusive results. Looking particularly at the ACCORD study, mortality and
CVD were not improved with aggressive glucose control, leading some to contend that glucose improvement
alone has a small impact on CVD. However, Dr. Fonseca made note of the UKPDS study, which found that
in newly diagnosed patients with diabetes who had not yet developed complications, intensive glycemic
control did reduce the risk of CVD. These results indicate that intervention with aggressive glucose control
measures must occur much earlier in the treatment paradigm, though this prompts the question of when
CVD is actually reversible.

▪ Dr. Fonseca emphasized that we need more comprehensive treatment that addresses
several risk factors early in the natural history of diabetes development. Insulin
resistance, for instance, is present very early in the progression of type 2 diabetes and during
impaired fasting glucose (IFG). However, targeting non-traditional risk factors (such as insulin
resistance) has been generally unfruitful because no drugs so far have been useful in preventing
CVD.

▪ Dr. Fonseca suggested that central obesity is an established risk factor that appears to
be driving CVD and perhaps diabetes as well. Several harmful factors secreted by adipose
tissue are implicated in the pathogenesis of diabetes and can be targeted.

▪ Furthermore, inflammation, which precedes the onset of type 2 diabetes, can be
modulated through aspirin therapy, diet and weight loss, insulin sensitizers, and
insulin itself. Managing adiposity and inflammation are two potential treatment venues available
as we develop a multi-pronged approach to reducing incidences of macrovascular disease.
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TARGETING THE DIABETIC HEART - PREVENTION OF CARDIOVASCULAR MORBIDITY
AND MORTALITY IN T2D: THE CURRENT LANDSCAPE OF MACROVASCULAR DISEASE
RISK REDUCTION IN DIABETES - WHAT WORKS? WHAT DOESN'T? WHAT MIGHT WORK?

A. Michael Lincoff, MD (Case Western Reserve University, Cleveland, OH)

Dr. A. Michael Lincoff discussed the merits, limitations, and promise of approaches to diminish
macrovascular complications associated with type 2 diabetes. To begin, a meta-analysis of invasive vs.
conservative strategies concluded that patients with diabetes should be more aggressively treated with
revascularization. With regards to therapies that influence lipid concentrations, Dr. Lincoff discussed the
potential of dual PPAR agonists and anti-obesity interventions, two strategies on the horizon for controlling
and preventing diabetes and coronary artery disease (CAD). Dual PPAR agonists target major pathways
driving CV risk in type 2 diabetes, and we await the results of phase 3 trials of aleglitazar (AleCardio and
AlePrevent) to substantiate the impact of this drug class on vascular events. Dr. Lincoff also identified HDL-
cholesterol as an attractive target for all patients, particularly those with metabolic abnormalities.
However, experience with HDL therapies thus far has been rather disappointing, though trials are still in
their infancy. Dr. Lincoff believes that a more effective approach for acting on HDL is through CETP
inhibition, which is currently under investigation in two large-scale trials (using anacetrapib and
evacetrapib). To conclude, Dr. Lincoff emphasized the importance of focusing attention on multifactorial
risk modification to significantly mitigate CV risk in patients with diabetes.

▪ Dr. Lincoff discussed new strategies for managing diabetes and CAD: dual PPAR
agonists and anti-obesity treatments. In the past, attention was given to TZDs that selectively
stimulate PPAR-ã. Interestingly, Dr. Lincoff addressed the FDA's interest in differentiating between
rosiglitazone (Avandia) and pioglitazone (Actos). He stated that despite being of the same class,
these two drugs have different effects on CV outcomes because they activate different genes.
Whereas rosiglitazone undesirably increases LDL-cholesterol, pioglitazone has a greater effect on
decreasing triglycerides.

▪ Current drug development is interested in balanced PPAR agonists because drugs that
activate both á and ã pathways have some signal of reduction of CV events. The data so
far, however, for dual PPAR-á/ã agonists has been fairly mixed and not robust. Aleglitazar is
currently under evaluation in two large-scale phase 3 cardiovascular outcomes trials (AleCardio and
AlePrevent), and Dr. Lincoff mentioned that preliminary data from AleCardio show as much as a
30% decline in triglycerides, 35% increase in HDL, and 10% reduction in LDL, though the issue of
renal toxicity remains of great interest. Roche sought to investigate renal toxicity with AleNephro,
which found that aleglitazar produced a ~15% decrease in eGFR that was reversed within 8 weeks of
stopping treatment.

▪ According to Dr. Lincoff, diabetes is most strongly influenced by obesity. As evidence, he
cited a recent randomized trial of bariatric surgery as compared to conventional medical therapy in
patients with type 2 diabetes. Despite the relatively low BMI of study participants (as low as 27 kg/
m2), A1c was remarkably reduced by 3%, and 40-50% came off all drugs. To Dr. Lincoff, this clearly
demonstrated that the diabetic state can be controlled for a certain time period by bariatric surgery.

▪ Furthermore, clinical trials of the two newly approved obesity drugs (Arena/Eisai's
Belviq and Vivus' Qsymia) have shown significant weight loss that ranged from 8% in
patients treated with Belviq to as high as 14% in those receiving Qsymia. Dr. Lincoff
claimed that with that magnitude of weight reduction, we should expect a 60% reduction in the
incidence of diabetes, if the weight loss can be sustained.

CARDIOVASCULAR BIOLOGY OF THE INCRETIN SYSTEM: THE SCIENTIFIC AND
MECHANISTIC RATIONALE FOR GLP-1 AGONISM AND DPP-4 INHIBITION TO REDUCE CV
RISK IN DIABETIC PATIENTS

Derek LeRoith, MD, PhD (Mount Sinai School of Medicine, New York, NY)
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Dr. Derek LeRoith summarized the current experimental data that provides evidence for a beneficial CV
effect of incretin therapies. Addressing the direct effects of incretins on the CV system first, Dr. LeRoith
presented results from human and animal studies that showed that GLP-1 can: 1) act on cardiomyocytes to
reduce myocardial insulin sensitivity, decrease apoptosis, increase ventricular function post-MI, and reduce
infarct size post-MI; 2) act on endothelial cells to reduce NO vasodilation and inflammation; and act on
vascular smooth muscle to decrease proliferation. Turing to cardiometabolic (indirect) effects of GLP-1 on the
CV system, Dr. LeRoith reviewed clinical trial results for currently available GLP-1 agonists and DPP-4
inhibitors. In particular, he highlighted that GLP-1 agonists are capable of reducing visceral body fat, reducing
systolic blood pressure, enhancing sodium excretion, improving various biomarkers of CV risk (PAI-1, BNP,
CRP, triglycerides), and improving dyslipidemia (total cholesterol, LDL, HDL, and triglycerides). Similarly,
with DPP-4 inhibitors, he shared evidence that highlighted the ability of saxagliptin to reduce blood pressure
and provide modest weight reduction. The ability of saxagliptin to improve dyslipidemia appears to be
limited. Overall, Dr. LeRoith concluded that incretins appear to have positive direct and indirect effects on the
CV system; however, he stressed that any further conclusions on the CV protective benefits of these drugs
would have to wait until results from the several ongoing CV outcomes studies for GLP-1 agonists and DPP-4
inhibitors were available.

FROM INCRETIN-BASED MECHANISM TO CARDIOVASCULAR OUTCOMES: EMERGING
DATA AND EVOLVING CLINICAL INVESTIGATIONS FOCUSING ON THE ROLE OF GLP-1
AGONISTS AND DPP-4 INHIBITORS ON CV RISK REDUCTION IN DIABETIC PATIENTS

Benjamin Scirica, MD (Harvard Medical School, Boston, MA)

Dr. Benjamin Scirica began by outlining the evolution, rationale, and design of FDA guidance requiring
long-term cardiovascular (CV) safety studies for diabetes drugs. Dr. Scirica supported the FDA's new CV
guidelines on the basis that morbidity and mortality related to diabetes principally lies on CV outcomes.
Given the proliferation of glucose-lowering therapeutic alternatives, he maintained that we need better data
in more patients to appropriately evaluate the risk/ benefit profiles of new agents and to demonstrate a
clear improvement in macrovascular morality. Dr. Scirica was hopeful about the ability of incretin-based
therapies to improve endothelial function and myocardial outcomes. In a meta- analysis of phase 2 and
phase 3 studies of DPP-4 inhibitors, these drugs were shown to be safe and consistently beneficial. There are
several currently in progress CVOT studies with incretin-based therapies (ex. saxagliptin, sitagliptin, and
algoliptin) - we were extremely surprised that he did not address the topline results for saxagliptin's
SAVOR-TIMI, which showed CV neutrality. Dr. Scirica expressed confidence that results of these trials will
present information on the natural progression of type 2 diabetes and its complications (especially related
to CV events) and provide insight into whether it matters how A1c is lowered rather than how much.

NEW THERAPEUTIC STRATEGIES FOR CV RISK REDUCTION BASED ON SGLT-2
INHIBITION: MECHANISMS, EVIDENCE, AND RATIONALE FOR ACHIEVING HBA1C
TARGET GOALS AND OPTIMIZING CARDIOMETABOLIC STATUSAND OPTIMIZING
CARDIOMETABOLIC STATUS

Ralph DeFronzo, MD (University of Texas Health Science Center at San Antonio, San Antonio,
TX)

After briefly discussing the physiology of renal glucose handling and the role of the kidney in the
pathogenesis of type 2 diabetes, Dr. Ralph DeFronzo highlighted new results from a small clinical trial
conducted by his group that examined the effects of dapagliflozin (n=10) vs. placebo (n=5) treatment for 14
days in people with type 2 diabetes (n=15). Overall, the results demonstrated the ability of a short course of
dapagliflozin to significantly reduce FPG and PPG, significantly improve muscle insulin resistance, and
significantly improve beta cell function. He believed that these findings were the result of the drug's ability
to reverse glucotoxicity by increasing urinary excretion of glucose. Turning to the effects of SGLT2
inhibitors on CV risk factors, Dr. DeFronzo noted that clinical trial data have shown that dapagliflozin
provides significant improvements in A1c, body weight, and blood pressure. The drug appears to have a
neutral to slightly positive impact on plasma lipid levels, providing a small increase in HDL, small increase
in LDL, and moderate reduction in triglycerides. While an analysis of data from 14 dapagliflozin trials
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found a hazard ratio of 0.67 for CV outcomes with dapagliflozin vs. comparators, Dr. DeFronzo cautioned
that the overall CV effect of SGLT-2 inhibitors will remain unknown until long- term data from the ongoing
dedicated CV outcomes studies for this class report. Nonetheless, Dr. DeFronzo noted his optimism for the
class, arguing that SGLT2 inhibitors meet an unmet need in diabetes care as they: 1) correct a novel
pathophysiological defect; 2) reduce A1c; 3) complement the action of other antidiabetic agents; 4) reverse
glucotoxicity; 5) do not increase the risk for hypoglycemia; 6) reduce blood pressure; and 7) promote
weight loss. He concluded his talk by suggesting that SGLT2 inhibitors hold promise as monotherapy
agents, add-on agents to metformin, SFUs, pioglitazone, or DPP-4 agents, agents to use in combination
therapy with metformin, DPP-4 inhibitors, and pioglitazone, add-on agents to insulin in type 2 diabetes and
type 1 diabetes, agents for use in IGT/IFG, and possibly as an add on to GLP-1 agonists (although data is
lacking).

CHAIRMAN'S SUMMARY AND VISION STATEMENT: EMERGING STRATEGIES FOR
CARDIOVASCULAR DISEASE REDUCTION IN THE SETTING OF T2D - A YEAR 2013
SCIENCE-TO-PRACTICE UPDATE

Vivian Fonseca, MD (Tulane University, New Orleans, NO)

Dr. Vivian Fonseca closed the session with a brief summary of the preceding talks. Because of the apparent
irreversibility of complications, he argued that it is imperative that we begin to focus more intently on
diabetes prevention and the earlier prevention of CV outcomes in the pathology of diabetes. Further, he
noted that beyond aiming for improved glucose control to prevent CV events, it is important that we also
address blood pressure control and dyslipidemia, as these measures are even more effective at CV risk
reduction. Finally, he expressed excitement for the answers that will be provided in the numerous ongoing
CV outcomes studies for GLP-1 agonists, DPP-4 inhibitors, pioglitazone, and SGLT-2 inhibitors as well as
the TINSAL-CVD study, which is currently examining the CV protective effects of salicylate in individuals
with metabolic syndrome and stable coronary disease.

PANEL DISCUSSION

Moderator: Vivian Fonseca, MD (Tulane University Health Sciences Center, New Orleans, LA)

Panelists: A. Michael Lincoff, MD (Case Western Reserve University, Cleveland, OH);
Benjamin Scirica, MD (Harvard Medical School, Boston, MA); Derek Leroith, MD (Mount
Sinai Hospital, New York, NY); and Ralph DeFronzo, MD (University of Texas Health Science
Center at San Antonio, San Antonio, TX)

Dr. Fonseca: Dr. DeFronzo, SGLT inhibitors seem to work in everybody, but what about
patients with renal disease?

Dr. DeFronzo: In patients with an eGFR of 60 ml/min/1.73 m2 or higher, SGLT-2 inhibitors work pretty well.
Between 45-60 ml/min/1.73 m2, the effectiveness starts to decrease. Below 45 ml/min/1.73 m2, it is pretty
ineffective, and you should not use the medication. Individuals in the rage of 45-60 ml/min/1.73 m2 can
expect an impaired response and are also advised to use the 100 mg tablet [of Invokana] instead of the 300
mg tablet because of the increased risk of side effects associated with the 300 mg tablet.

Dr. Fonseca: Could you comment on the potential rise in LDL with SGLT-2 inhibitors?

Dr. DeFronzo: In the Invokana study, you saw at the 100 mg dose that LDL went up by 4 mg/dl, and at 300
mg it went up by 8 mg/dl. Personally, I believe that patients with diabetes should have an LDL of 70 mg/dl.
So even with the largest dose of canagliflozin, your LDL level would go from 70 to 78 mg/dl, and you would
only have to increase your dose of statin one more dose to get it back down to 70 mg/dl. We don't know the
implications of this small increase in LDL, but long-term outcomes trials will tell us soon if it has a major
significance.

Dr. Fonseca: Can you comment on glucose reabsorption during pregnancy?

Dr. DeFronzo: In pregnancy, you have a decrease in your threshold for glucose. We developed an intricate
system of glucose to be reabsorbed in urine, and hyperglycemia became an important signal to the kidney to
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prevent you from spilling glucose into the urine. In pregnancy, you see a down-regulation of reabsorption
capacity. Though the threshold is lower, the signal has yet to be seen.

Dr. Fonseca: When looking at MACE, we often see a discrepancy between what happens with
stroke and MI. How is stroke different?

Dr. Scirica: We are really good at identifying the cause of MI, especially in this population. Strokes are much
harder because there are many different types when trying to define them. It is a bit of a messier endpoint in
terms of definitions so the signals may not be as clear as with MI. While we would like to think that we have
the same treatments for stroke that we have for MI, in reality the brain is much different than the heart and is
much less tolerant to many of the therapies we use.

Dr. Fonseca: There is actually a study on pioglitazone and stroke that is ongoing, and it seems
that the benefit of the drug on stroke is very different from MI.

Dr. Fonseca: What about the mechanism by which SGLT-2 inhibitors cause the increase in
LDL?

Dr. DeFronzo: It would be impossible to define the mechanism for such a small increase in LDL, although one
plausible theory is that you have an increase in LDL by hemoconcentration. If you have an increase in LDL by
hemoconentration, would that be same as innately increased LDL levels? You see rise in LDL in the first
couple of weeks, which very well might be related to hemoconcentration. Triglycerides also go down. The LDL
increase is so small that it's very unlikely that it is significant and that you would detect the change.

Dr. Fonseca: Comment on the consideration of obesity as a disease.

Dr. Leroith: Thank god they finally decided that obesity is a disease. Physicians can get reimbursement, and
we can finally start treating it the way we are supposed to. It is an early start to treating diabetes.

Dr. Lincoff: Also, having change in obesity itself be an endpoint of value will improve the approval process of
new drugs.

Dr. Fonseca: What do you think will be biomarkers of the future that will give us the right
prediction?

Dr. Lincoff: I don't think there are biomarkers that will give us a strong indication. It's very difficult to link
biomarkers, and not that it isn't useful, but ultimately, there are no biomarkers. You have to have a trial that is
adequately sized to show a reduction in CV risk.

Dr. Fonseca: The Ominous Octet implies that to target all aspects of diabetes we have to take 8
medications. Is there one single agent in the pipeline that will address all diabetes- related
problems?

Dr. DeFronzo: I think we have the two drugs we need and that work. On the basis of data that we have
available now, I would choose a long-acting GLP-1 analog in combination with pioglitazone.

Dr. Fonseca: So should we get rid of metformin?

Dr. DeFronzo: If I had to pick a drug, I would pick pioglitazone because it is the only true insulin sensitizer, it
has a very powerful effect on the beta cell (preserves beta cell function), and it drops A1c levels and keeps you
there. If you asked to me add a third drug, I would choose a SGLT-2 inhibitor.

Dr. Leroith: Many people are concerned about the side effects of TZDs.

DeFronzo: The people most at risk are post-menopausal women; so if you want to get rid of the problem,
don't use it on this population. I don't think that is major risk factor, nor is fluid retention. I don't think you
should push the dose to over 30 mg/day. It's a cosmetic issue; you can always stop the drug if you can't
control the side effects. When the absolute reduction in CV events is 3% with some small increase in bone
fractures, I can address the issue by just not prescribing the drug to post-menopausal females.
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Corporate Symposium: Optimizing Vascular Outcomes in T2DM: Collaboration for Quality
Care (Sponsored by Genentech)

WHAT DEFINES QUALITY DIABETES CARE?

Robert Henry, MD (University of California at San Diego, La Jolla, CA)

Dr. Robert Henry opened the symposia with a brief overview of the current state of diabetes care in the US,
with a focus on current governmental efforts to establish a systematic assessment of quality of care. Overall,
he reinforced the importance of standardized reporting systems such as the Physician Quality Reporting
System (PQRS) employed by CMS and encouraged physician participation. Though he highlighted progress
in metrics of diabetes care quality in the past years, he noted the enduring need for continued
improvements.

▪ Current standardized metrics of care in diabetes include glycemic control, blood
pressure control, lipid management, lifestyle modifications, foot care, and presence of
diabetic retinopathy. Dr. Henry stressed that quality assessment programs, such as the PQRS (a
reporting program that uses a combination of incentive payments and payment adjustments to
promote reporting of quality information by health professionals) employed by CMS, are important
to understand current quality of care and allow surveillance; data also serves to inform efforts to
improve quality and assess physician competence. Dr. Henry encouraged physicians to participate in
reporting, both to avoid coming payment adjustments and to increase personal quality of care. He
noted that participation in PQRS reporting amongst endocrinologists has been rising in the past
years, though still low at 33.2% in 2011.

▪ To assess the current state of diabetes care, Dr. Henry began with NHANES data from
1999-2004, suggesting declines in mean A1c from 7.8% in 1999-2000 to 7.47% in
2001-2002 and 7.18% with 2003-2004. In terms of CV risk factor management, he noted data
on the control of hyperglycemia, blood pressure, and hyperlipidemia in two registries (Kaiser and
Denver Health), which showed 70.8% of patients for Kaiser and 44.3% of patients for Denver Health
simultaneously meeting targets of A1c 8%, blood pressure of 140/90 mmHg, and LDL of 130 mg/dl.
For diabetic retinopathy screening, he suggested that roughly 50-60% of patients have received
screening, though it is unclear from current data if patients are meeting guidelines for the frequency
of screening.

THE SCIENCE OF MULTIFACTORIAL CV RISK REDUCTION: FOCUS ON RETINAL HEALTH

Omesh Gupta, MD, MBA (Jefferson Medical College, Philadelphia, PA)

Dr. Omesh Gupta gave an overview of the current state of diabetic retinopathy in the US, providing
recommendations for improvement of care. As he noted, 40% of patients with diabetes older than 40 years
of age have diabetic retinopathy, with 8% having vision-threatening disease. While glucose levels play a key
role in the development of retinopathy, other factors have been shown to be related, including duration of
diabetes, blood pressure, BMI, and other various measures. Thus, in addition to early screening, Dr. Gupta
stressed the need to manage risk factors beyond A1c, both to prevent development of disease and improve
outcomes in later surgical interventions.

▪ Dr. Gupta reviewed the foreboding state of diabetic retinopathy in the US, highlighting
the need for improvements in care. As he noted, 40% of patients with diabetes older than 40
years of age have diabetic retinopathy, with 8% having vision-threatening disease. Diabetic
retinopathy is the leading cause of blindness in Americans aged 20-74 years as well, with projected
increases in the coming years.

▪ Retinopathy risk is multifactorial in nature. While glucose levels play a key role (Dr. Gupta
noted that each percentage point reduction in A1c correlates with a 35% reduction in microvascular
risk) in the development of retinopathy, other factors have been shown to be related, including
duration of diabetes, blood pressure, BMI, and other various measures (e.g., insulin levels,
cholesterol, triglycerides). Intriguingly, given diabetic retinopathy likely begins prior to diagnosis at
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A1cs as low as 5.5%, he suggested possible initiation of glucose therapies in the prediabetic state to
prevent development as well.

▪ An ophthalmologist by training, Dr. Gupta moved to describe two tests used by
ophthalmologists to assess for underlying retinal pathology in patients with diabetes
following referral. The first was the fluorescein angiogram technique, in which an inert plant
resin is injected into the arm and then circulates to the eye, providing imaging of the vasculature.
This technique allows observation of changes before overt symptoms occur, such as small aneurysms
heralding hypertension. The second was optical coherence tomography, a relatively new technology
that takes high-resolution pictures of the retina to investigate for hallmark changes in the fovea
consistent with diabetic eye disease.

▪ Dr. Gupta concluded with recommendations for optimal diabetic eye care. He stressed
the importance of screening for diabetic retinopathy at diagnosis and the need for referral to an
ophthalmologist for patients with any degree of macular edema or proliferative diabetic retinopathy,
or severe non-proliferative retinopathy. This is especially important as retinopathy can portend
other vascular complications, such as diabetic nephropathy and later CV events. Given retinopathy's
multifactorial nature, Dr. Gupta also highlighted the need to manage risk factors beyond A1c to
prevent development of disease; he stressed good management aids in treatment as well, with laser
photocoagulation of proliferative diabetic retinopathy showing better outcomes in patients if they
present with A1c and lipid values in range. For treatment, he suggested early intervention with anti-
VEGF helps preserve visual potential for patients with diabetic macular edema and can also improve
later results with surgical options.

FOCUS ON CV OUTCOMES

Jorge Plutzky, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Jorge Plutzky discussed the complex relationship between metabolic parameters and the vasculature in
type 2 diabetes patients. He began by arguing that the clinically important risk factors for diabetes-related
cardiovascular complications exist well before the formal diagnosis, and that earlier intervention is needed.
He also emphasized that the length of diabetes is a critical variable in the evaluation of the vasculature of a
type 2 diabetes patient, one that many landmark studies failed to record. He then discussed clinical trial
data showing that a number of factors play a role in the "atherosclerosis puzzle" in type 2 diabetes patients,
including cholesterol, triglycerides, and blood pressure. Surveying the current diabetes landscape, Dr.
Plutzky noted that aleglitazar (a PPAR co- agonist) appears to reduce A1c as well as triglyceride levels while
also increasing HDL. He also mentioned canagliflozin, and its ability to simultaneously improve A1c and
body weight. He shared the recent findings of SAVOR TIMI-53, which showed that saxagliptin
demonstrated cardiovascular safety in its outcomes trial, along with the STENO-2 study that showed the
potential to reduce CV events by targeting blood pressure, lipids, and A1c.

▪ A linear relationship exists between A1c levels and the incidence of adverse
cardiovascular events in type 2 diabetes patients. Dr. Plutzky cited UKPDS data showing
that a reduction in A1c of just 1% is associated with a 15% decreased risk of cardiovascular
complications. Dr. Plutzky argued that setting a threshold A1c value for treatment is illogical given
that significant risk exists in the prediabetes phase, well before formal diagnosis. He did mention the
paradoxical results of the ACCORD and ADVANCE studies, which failed to show a reduction in
cardiovascular adverse events with more intensive glycemic control. He explained this anomaly by
noting that the studies may not have lasted long enough for the effect to emerge or that they may not
have intervened earlier. They also may have ignored the negative effects of severe hypoglycemia, or
failed to account for the duration of diabetes.

▪ A number of factors contribute to diabetic atherosclerosis. Dr. Plutzky presented data
indicating that cholesterol, triglycerides, and blood pressure levels have important effects on
cardiovascular outcomes in type 2 diabetes patients. He highlighted data from an autopsy study of
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young males indicating that significant atherosclerosis can begin at an early age, and is proportional
to BMI.

▪ Recent cardiovascular outcomes data for type 2 diabetes drugs is promising. Dr.
Plutzky mentioned the results of the SAVOR TIMI-53 study, which demonstrated that saxagliptin
was associated with cardiovascular safety, although the secondary goal of superiority was not
achieved. He noted the promising results of the SYNCHRONY study on aleglitazar, which showed
that the PPAR co-agonist lowered A1c and triglycerides while improving HDL cholesterol. He
highlighted the ability of canagliflozin to both reduce A1c and reduce body weight. Finally, he
mentioned the findings of the STENO studies, which showed that aggressive control of blood
pressure, A1c, and lipids led to a half-percent significant decrease in A1c.

Obesity Pharmacotherapies

Posters

COMBINATION NALTREXONE/BUPROPION THERAPY RESULTED IN CLINICALLY
MEANINGFUL IMPROVEMENTS IN WEIGHT AND QUALITY OF LIFE - INTEGRATED
ANALYSIS OF FOUR PHASE 3 TRIALS (1056-P)

Ronette Kolotkin, Colleen Burns, Brandon Walsh, and Preston Klassen

This poster presented results of an integrated analysis of the four phase 3 56-week trials in Contrave's
Obesity Research Program (COR). This post hoc analysis investigated the association between changes in
body weight and weight-related quality of life measures in overweight and obese patients (BMI range 27-45
kg/m2) who were administered naltrexone sustained-release/bupropion sustained release versus placebo.
Quality of life was measured using the Impact of Weight on Quality of Life-Lite (IWQOL-Lite) scale at
baseline and 8, 16, 28, and 56 weeks of treatment. Weight loss and IWQOL-Lite score was significantly
greater at 56 weeks in the treatment group than in placebo (p<0.001). Three times as many patients on
naltrexone/bupropion achieved clinically meaningful improvements in both IWQOL- Lite and ≥ 5% weight
loss at one year follow-up compared to placebo. Overall, the benefits experienced from naltrexone/
bupropion are not limited to weight loss; they also simultaneously improve the overall quality of life for the
patient, with greatest improvements occurring in subjects who lost ≥ 5% body weight. Completion rates
were 66% for Contrave and 59% for placebo. The most common adverse events were nausea (32%),
constipation (19%), headache (18%) and vomiting (11%).

▪ Patients in the naltrexone/bupropion treatment group (n=2,043) and the placebo
group (n=1,319) were matched for age, sex, BMI, hypertension, and moderate IWQOL-
Lite score at baseline. In the naltrexone/bupropion treatment, mean age, sex, BMI,
hypertension, and IWQOL-Lite score were 46 years, 81% female, 36 kg/m2, 26%, and 70.5,
respectively. In the placebo treatment group, mean age, sex, BMI, hypertension, and IWQOL-Lite
score were 46 years, 82% female, 36 kg/m2, 25%, and 71.4, respectively. IWQOL-Lite is a scoring
system based on weight-related quality of life overall consisting of five sub-scores: physical function,
self-esteem, sexual life, public distress and work. All patients started at a moderate/borderline
severe score (severe < 71.9 and moderate ranges 71.9-79.4).

▪ The naltrexone/bupropion (NB) treatment was associated with significantly greater
weight loss than placebo at all measured periods - 8, 16, 28, and 56 weeks (p<0.001).
The mean decrease in body weight at week 56 was 3.1% in placebo and 8.8% in treatment. Over 53%
of NB patients experienced ≥5% weight loss, whereas this only occurred in 21% of placebo subjects.
The IWQOL-Lite total score was improved by 12.7 and 8.9 in the NB and placebo groups,
respectively (p<0.001). Additionally, the IWQOL-Lite subscale scores (physical function, self-
esteem, sexual life, public distress, and work subscale) improved significantly more in the
naltrexone/bupropion vs. the placebo group. Association between changes in body weight and
quality of life were evidenced to show that a greater decrease in body weight resulted in a greater
IWQOL-Lite score for both placebo (p<0.001) and naltrexone/bupropion (p<0.001) at one-year
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follow-up. Notably, all subjects who lost ≥ 5% body weight exhibited a mean IWQOL- Lite
improvement of +15, in contrast to a +7 in subjects with < 5% weight loss.

AN INTEGRATED ANALYSIS OF WEIGHT LOSS WITH COMBINATION NALTREXONE/
BUPROPION THERAPY BY BMI (OBESITY) CLASSIFICATION (1130-P)

Caroline Apovian, Colleen Burns, Brandon Walsh, and Kristin Taylor

This poster reported results of an integrated analysis of Contrave's (naltrexone sustained-release (SR)/
bupropion SR [NB]) four randomized, double-blind, placebo-controlled phase 3 trials. This analysis
stratified weight loss by baseline BMI (Class I obesity: 30-34.9 kg/m2; Class-II obesity: 35-39.9 kg/m2; and
Class-III obesity: ≥40 kg/m2) and found Contrave to be similarly efficacious across this range of baseline
BMIs. Participants (n=3,362) were randomized to receive either 32 mg naltrexone SR/360 mg bupropion
SR or placebo. Overall, treatment with NB was associated with a significantly greater reduction in body
weight relative to placebo (-7.0±0.2% NB vs. -2.3±0.2% placebo; p<0.001; both from a baseline BMI of 36
kg/m2) and an appreciably larger proportion of patients reaching ≥5% weight loss (53% NB vs. 21%
placebo; p<0.001). Notably, mean weight loss and percentage of patients reaching ≥5% weight loss were
similar across the three baseline BMI classes, suggesting that the favorable effect of NB is consistent across
the BMI range evaluated. Weight loss at 56 weeks was roughly 7% in Class-I and Class-II obesity groups
and about 6% in the Class-II Obesity group, compared to about 2% weight loss on placebo in each group.
Treatment-emergent adverse events with NB included nausea (32%), constipation (19%), headache (18%),
and vomiting (11%). These incidences occurred at comparable rates across the three obesity classes and
reflect the safety/tolerability profiles of the combined therapy.

▪ A total of 3,362 overweight and obese participants (BMI ≥ 27 and ≤ 45 kg/m2) were
randomized to receive either 32 mg naltrexone SR/360 mg bupropion SR (n=2,043 or
placebo (n=1,319) for 56-weeks. Baseline characteristics were similar between treatment arms
and included a mean age of 46 years and BMI of 36.3 kg/m2. Participants were predominantly
female (81%) and Caucasian (79%) and were categorized, according to their baseline BMI, as
overweight (27.0-29.0 kg/m2), or Class-I obese (30.0-34.9 kg/m2), Class-II obese (35.0-39.9 kg/
m2), or Class-III obese (≥ 40 kg/m2). The completion rate was 66% for NB and 59% for placebo.

▪ Across the obesity classes, participants treated with NB observed a 4.0-5.0% placebo-
adjusted decline in body weight (all p<0.001). In addition, comparable proportions of
participants in each obesity class attained ≥5% weight loss on NB (49% to 54%), which was
substantially greater than the percentage of the placebo group that achieved this outcome
(p<0.0001).

▪ Compared to placebo, a significantly larger number of patients receiving NB
experienced positive shifts in their BMI classification from baseline (NB vs. placebo:
improved = 45% vs. 20%, no change = 54% vs. 74%, worsened = 2% vs. 6%; p<0.001). In addition,
three-times as many patients treated with NB improved to a non-obese designation from class-I
(17% NB vs. 6% placebo) or class-II (3% NB vs. 1%) obesity relative to placebo.

WEIGHT LOSS WITH PHENTERMINE AND TOPIRAMATE EXTENDED-RELEASE AND
CHANGES IN GLYCEMIC PARAMETERS IN OVERWEIGHT AND OBESE ADULTS WITH
DYSGLYCEMIA AND STRATIFIED BY BASELINE BODY-MASS INDEX (2103-P)

Donna Ryan and Charles Bowden

This poster presented a post hoc analysis of the CONQUER study examining the effects of Qsymia
(phentermine/topiramate XR) on glycemic parameters in patients with dysglycemia at baseline. In this
population, Qsymia led to a mean weight loss of 7.7%-11.6% across BMI categories (<30 kg/m2, ≤30 and
<35 kg/m2, ≤35 and < 40 kg/m2, and ≤40 and <45 kg/m2), and weight loss appeared to align with
improvements in glycemic control. A1c significantly improved in phentermine/topiramate treatment groups
vs. placebo for BMIs ≥30 kg/m2 in the dysglycemia population (with mean reductions of 0.1%- 0.3% across
these BMI categories) as well as in the BMI 30-35 kg/m2 and ≥40 kg/m2 patients who had type 2 diabetes
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at baseline (0.3%-0.5% mean reductions in these categories). High dose Qsymia did not confer greater A1c
reductions than mid-dose Qsymia in any group. Fasting plasma glucose improved the most in phentermine/
topiramate groups vs. placebo across all baseline BMI categories ≥30 kg/m2, and there was a trend for
greater reductions in FPG in the categories ≥35 kg/m2. CONQUER was a double-blind, phase 3 trial that
randomized obese and overweight adult patients (n=2,487) to either a once-daily placebo, 7.5 mg
phentermine/46 mg topiramate (7.5/46), or 15 mg phentermine/92 mg topiramate (15/92) for 56 weeks.
Patients at baseline were an average 52 years of age, with 67% being female and 87% being Caucasian. Of
those in the dysglycemia population (n=1,698), 28% had type 2 diabetes.

▪ Across all BMI categories, reductions in weight in the phentermine/topiramate
treatment groups were significant vs. placebo (p<0.0001) in patients with dysglycemia
(n=1,698). Mean percent weight loss was 0.9% in the placebo group, 9.9% in the 7.5/46 group and
8.8% in the 15/92 group amongst subjects with a BMI < 30 kg/m2 group. Mean percent weight loss
was 2.3%, 7.7% and 10.4% in the BMI ≤30 and <35 group, 2.3%, 8.8% and 10.2% in the BMI ≤35
and <40 kg/m2 group, and 2.7%, 8.4% and 11.6% in the BMI ≤40 and <45 kg/m2 group,
respectively.

▪ Mean percent reductions in A1c in placebo, 7.5/46, and 15/92 phentermine/topiramate
treatments were -0.16%, -0.31% and -0.10% in the BMI <30 kg/m2 group, +0.05%, -0.14% and -
0.11% in the BMI ≤30 and <35 group, +0.01%, -0.12% and -0.16% in the BMI ≤35 and < 40 kg/m2
group, and +0.03%, -0.13% and -0.20% in the BMI ≤40 and <45 kg/m2 group, respectively.

▪ Of those with type 2 diabetes at baseline, significant mean percent reduction in A1c
(treatment vs. placebo; p<0.05) occurred in the BMI ≤30 and <35 kg/m2 group for
both treatments and in the BMI ≤40 and <45 kg/m2 group only for the 15/92
phentermine/topiramate treatment.

▪ The most common adverse events reported by both phentermine/topiramate groups
were paraesthesia, dry mouth, constipation, dizziness, and insomnia. Hypoglycemia
adverse events experienced in these groups were similar to placebo and only occurred in <0.01% of
patients. None of the hypoglycemic events were categorized as severe.

CHANGES IN GLYCEMIC PARAMETERS AND ANTIDIABETIC MEDICATION USE BY DEGREE
OF WEIGHT LOSS WITH LIFESTYLE MODIFICATION AND PHENTERMINE/TOPIRAMATE
EXTENDED-RELEASE (2121-P)

Robert Kushner and Barbara Troupin

This poster presented a post hoc analysis of the 56-week CONQUER trial that assessed the effect of weight
loss with phentermine/topiramate extended-release (PHEN/TPM ER; Vivus' Qsymia) on glycemic
parameters and use of antidiabetic medications in study participants with normoglycemia (n=726),
prediabetes (n=1,119) and type 2 diabetes (n=603). Treatment with both doses of PHEN/TPM ER induced a
significant decrease in body weight compared to placebo across all glycemic subgroups in the intent-to-
treat population (p<0.0001), with a vast proportion of patients attaining ≥5% weight loss. As would be
expected, patients with diabetes experienced slightly less weight loss. Participants with the greatest
reduction in weight also showed the greatest improvements in fasting glucose, fasting insulin, and A1c levels
(from a very good baseline A1c of 6.6%, patients in the type 2 diabetes group achieved a mean A1c reduction
of 0%, 0.3%, 0.5%, and 0.8% in the <5%, 5-10%, 10-15%, and ≥15% weight loss groups, respectively). A net
4.5% of patients were able to reduce anti-diabetic medications for people with type 2 diabetes in the ≥15%
weight loss group, while a net increase in anti-diabetic medications was observed for all other weight loss
groups. The most frequent treatment-emergent adverse events were paraesthesia, dry mouth, and
constipation. Taken together, these findings indicate that large-scale weight loss resulting from treatment
with PHEN/TPM may positively affect glycemia and lower the total number of antidiabetic medications
needed.

▪ In the double-blind, phase 3 CONQUER trial, 2,487 obese and overweight participants
were randomized to placebo (n=994), PHEN 7.5 mg/TPM ER 46 mg (7.5/46) (n=498),
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or PHEN 15 mg/TPM ER 92 mg (15/92) (n=995) for 56 weeks. Baseline characteristics were
comparable across treatment arms and included a mean age of 51.1 ± 10.4 years, BMI of 36.6 kg/m2,
fasting glucose of 106.1 mg/dl, and A1c of 5.9%. Participants were predominantly Caucasian (86%)
and female (70%), and all received standardized lifestyle intervention as a part of their treatment
regimen. Primary endpoints consisted of mean absolute weight loss, percentage of subjects
achieving <5%, ≥5% to <10%, ≥10% to <15%, or ≥15% weight loss, mean change in A1c, and net
change in antidiabetic medication use.

▪ Across all glycemic subgroups, treatment with PHEN/TPM ER resulted in significant
weight loss relative to placebo (7.5/46 vs. 15/92 vs. placebo: normoglycemia = - 8.9 vs. -10.7 vs.
0.9 kg, prediabetes = -9.1 vs. -11.4 vs. -2.4 kg, type 2 diabetes = -7.5 vs. -9.8 vs. - 2.3 kg; p<0.0001
for all comparisons). By week 56, a large majority of participants receiving PHEN/ TPM ER in all
glycemic subgroups achieved ≥5% reduction in body weight (PHEN TPM ER 7.5/46: 52.7-66.0% of
patients vs. 15/92: 61.7-74.6% vs. placebo: 17.8-23.1%).

▪ With regards to changes in glycemic parameters, participants with the largest degrees
of weight loss (either ≥ 10% to <15%, or ≥ 15%) presented the most significant
improvements in fasting glucose levels, fasting insulin, and A1c. While this trend was
observed across all glycemic subgroups, the most appreciable benefits were found in patients with
type 2 diabetes. Within the sub-population of patients with type 2 diabetes who lost ≥15% of their
body weight, there was a decline of -23.9 mg/dl in fasting glucose, -10.0 µIU/ml in fasting insulin,
and -0.75% in A1c from baseline.

▪ Type 2 diabetes patients in all weight loss groups demonstrated a significant change in
concomitant antidiabetic medication use from baseline to week 56, with a net
reduction in subjects who attained ≥ 15% weight loss (+8.6%, +3.6%, +9.0%, and -4.5% for
subjects reaching <5%, ≥5% to <10%, ≥10% to <15%, or ≥15% weight loss, respectively; p=0.0040).

▪ Most treatment-emergent adverse events were dose-dependent and occurred during
the titration period. The most commonly reported adverse events in the PHEN/TPM ER
treatment arms were paraesthesia, dry mouth and constipation. Discontinuation rates because of
adverse events were 9%, 12%, and 19% for placebo, 7.5/46, and 15/92, respectively.

LORCASERIN HCL PHASE 3 TRIALS IN OBESE AND OVERWEIGHT PATIENTS: WEEK-52
OUTCOMES FOR THOSE ACHIEVING AT LEAST 5% WEIGHT LOSS AT WEEK 12
(RESPONDERS) (2117-P)

Steven Smith, Matilde Sanchez, Kyle Fraher, Scott Stubbe, Cindy Turner, Brian Raether, Dana
Halliday, Jacek Krolikowski, Randi Fain, and William Shanahan

This post hoc analysis of lorcaserin's phase 3 program (consisting of BLOOM, BLOSSOM, and BLOOM-
DM) evaluated week-52 outcomes for weight, lipids, glycemic control, and CV markers based on patient
responder status at week 12 (whether the patient lost ≥5% weight). As a reminder, lorcaserin (Arena/Eisai's
Belviq) is currently marketed with a stopping rule to discontinue treatment if a patient has not lost ≥5%
weight by 12 weeks. Overall, >5% weight loss by week 12 was shown to be a strong predictor of weight loss
at week 52 for patients taking lorcaserin: in patients without diabetes, week-12 responders on lorcaserin
averaged 10.6 kg (23 lb) weight loss compared to only 2.8 kg (6 lb) weight loss for week-12 non-responders;
in patients with diabetes, the comparison was 9.3 kg (20 lb) vs. 3.2 kg (7 lb). About a quarter of non-
responders eventually achieved 5% weight loss at 52 weeks. Week-12 responder status was also shown to be
a strong predictor of fasting plasma glucose and A1c in patients with type 2 diabetes. For people with type 2
diabetes, from a baseline A1c of 7.9% and 8.2% for responders and non-responders on lorcaserin,
respectively, patients achieved a ~1.2% and ~0.8% A1c reductions, respectively. The BLOOM and BLOSSOM
studies were double-blind, randomized and placebo-controlled that included patients without type 2
diabetes who fell between ages 18 to 65 years, had a BMI of 30-45 kg/m2 and had at least one comorbidity.
BLOOM-DM was similar, but only included patients with type 2 diabetes who had an A1c of 7-10% and were
taking metformin and/or sulfonylurea. In all patients, lorcaserin treatment was associated with 2-3 times
as many responders (≥5% weight loss) by week 12 compared placebo.
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▪ At the week 12 evaluation, 49.3% of patients on lorcaserin and 22.6% of placebo
patients without type 2 diabetes were found to be responders. Of those with type 2
diabetes, 35.9% of the lorcaserin group and 11.5% of the placebo group were found to
be responders.

▪ At week 52, responders without type 2 diabetes were found to have a greater decrease
in systolic (3-4 mmHg) and diastolic blood pressure (2-3 mmHg), compared to
nonresponders. Responders with type 2 diabetes were also found to have a greater decrease in
systolic (2.5-4 mmHg) and diastolic blood pressure (1.5-2.5 mmHg) compared to the
nonresponders. Changes within placebo vs. lorcaserin treatments within responder and
nonresponder groups were nearly the same. The decrease in heart rate among the week 12
responders without type 2 diabetes was greater than that of the nonresponders, however, and
changes in lorcaserin treatment vs. placebo group were nearly the same. In patients with type 2
diabetes, lorcaserin treatment group responders exhibited the greatest decrease in heart rate (3-4
BPM) whereas both the placebo responders and all nonresponders experienced very little reduction
(>1 BPM).

▪ Week 12 responders also showed a greater decrease in triglycerides than week 12
nonresponders. HDL cholesterol increased more in the week 12 responders than in the
nonresponders. Changes in LDL cholesterol showed no correspondence to patient response at week
12 and total cholesterol remained nearly the same in all groups. A1c reduction was 2.4 times greater
among the lorcaserin vs. placebo nonresponders. Reduction in fasting plasma glucose was 2.8 times
greater among the lorcaserin vs. placebo nonresponders. Very little change was found among the
lorcaserin vs. placebo responders for both A1c and fasting plasma glucose.

A NOVEL METHIONINE AMINOPEPTIDASE 2 (METAP2) INHIBITOR, APPEARED SAFE AND
SHOWED DOSE RESPONSIVE WEIGHT LOSS OVER 12 WEEKS IN INTERIM ANALYSIS OF
ONGOING PHASE 2 TRIAL (188-LB)

Dennis Kim, James Vath, Alice Chen, Joanne Marjason, Joe Proietto, and Thomas Hughes

Beloranib (Zafgen's ZGN-440), a novel methionine aminopeptidase 2 (MetAP2) inhibitor, is currently being
investigated as a potential anti-obesity agent due to its ability to suppress fat production and stimulate fatty
acid oxidation. This poster detailed interim 12-week results of an ongoing phase 2 double-blind, placebo-
controlled study evaluating the safety, tolerability, pharmacokinetics and pharmacodynamics (PK/PD), and
metabolic effects of subcutaneous (SC) beloranib on 19 obese patients with type 2 diabetes. Patients
(baseline BMI ~38 kg/m2) were randomized to receive beloranib (0.6, 1.2, or 2.4 mg) or placebo twice-
weekly for 12 weeks. Treatment with beloranib resulted in a significant, dose-dependent and progressive
reduction in body weight (~10 kg [22 lb] with the 2.4 mg dose, ~6 kg [13.2 lb] on the 1.2 mg dose, and ~4 kg
[8.8 lb] on the 0.6 mg dose in the per-protocol population) relative to baseline. These initial results seem
strong; however the patients were fairly heavy at baseline, and the poster did not provide results for the
intent-to-treat (ITT) population. The most prevalent treatment-emergent adverse events being sleep
disturbance, nausea, and vomiting (insomnia resulted in the study discontinuation of two patients in the 2.4
mg arm). Consistent with the observed decline in fat mass, there were notable improvements in many
metabolic and inflammatory biomarkers associated with cardiovascular disease risk, including positive
changes in C-reactive protein, leptin, adiponectin, and â-OH-butyrate concentrations. In light of the AMA's
recent decision to recognize obesity as a disease, we may see a greater impetus to bring new obesity
therapies to the market although at present, lack of cost-effectiveness data and lack of strong
reimbursement pose major barriers. As we search for new viable and efficacious alternatives to bariatric
surgery, we eagerly await the full results of this phase 2 study (completed by 160 men and women) that are
positioned to be presented later this year.

▪ Obese patients (N=160) were randomized to receive 0.6 (n=37), 1.2 (n=36), or 2.4 mg
(n=34) of SC beloranib vs. placebo (n=38) twice-weekly for 12 weeks. The results
reported in this poster consist of the pre-specified interim analysis of the first 19 patients to
complete 12 weeks of treatment (n=5, 6, 3, 5 for 0.6, 1.2, 2.4 mg beloranib and placebo,
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respectively). Subjects were white females and mean baseline characteristics included an age of 40.3
years, body weight of 101.2 kg, and BMI of 37.9 kg/m2 (weight and BMI were in line with Class 2
obesity).

▪ Treatment with beloranib resulted in a dose-responsive, sustained, and progressive
reduction in body weight, with an average (± SEM) weight loss of -3.8 ± 0.8, -6.1 ± 1.5, and -9.9
± 2.3 kg for the 0.6, 1.2, and 2.4 mg doses, respectively, compared to a +1.8 ± 0.4 kg gain in placebo.
All changes were significant (p<0.005) relative to baseline values. Subjects' sense of hunger and
prospective food intake declined significantly (~40-50%) with beloranib, which may help explain the
observed weight loss in groups receiving the drug.

▪ In terms of safety and tolerability, the most prominent treatment-emergent adverse
events were gastrointestinal disorders, though their incidence rates did not differ
significantly between beloranib and placebo arms. Adverse effects that had higher event
numbers in beloranib-treated groups vs. placebo include sleep disturbance, nausea, and vomiting.
Insomnia seemed to be dose-dependent and led two subjects to withdraw from the 2.4 mg dose
group. Injection site reactions and nervous system disorders (i.e. lightheadedness, headaches, and
migraines) occurred at comparable rates across all groups. No deaths or serious adverse events were
reported.

▪ Beloranib improved several biomarkers associated with cardiovascular disease risk.
In tune with the loss of body weight and improved adipose tissue function and inflammation, there
were favorable reductions in leptin and C-reactive protein (hs-CRP) and increases in adiponectin
and â-OH-butyrate concentrations with beloranib treatment. Overall, there was an improvement in
the lipid profile, with the highlight being an appreciable decline in LDL cholesterol (effects of
beloranib on triglycerides and HDL-cholesterol were not pronounced when compared to placebo).

Symposium: Pharmacologic Management of Obesity

THE NEW AGENTS AND THEIR PLACE IN THERAPY

Robert Eckel, MD (University of Colorado, Aurora, CO)

Following Dr. W. Timothy Garvey's (University of Alabama, Birmingham, Birmingham, AL) description of
anti-obesity agents before 2012, Dr. Robert Eckel dove into the labels and phase 3 data for phentermine/
topiramate ER (Vivus' Qsymia) and lorcaserin (Arena/Eisai's Belviq). Dr. Eckel detailed the need for 5 % to
10% weight loss to produce a cardiometabolic benefit and positively described the ability of these recently
launched agents to achieve up to 10% weight loss and be used indefinitely. Dr. Eckel was careful to keep his
description of Qsymia and Belviq factual; he explained during the subsequent panel discussion that he
wanted attendees to decide for themselves which drug to use in their various patients. Still, when pressed by
a questioner on the matter, Dr. Eckel stated that he would likely use phentermine in his case study of a
"frustrated patient" (a 48 year old woman with a BMI of 34 kg/m2 despite having been on "every diet"), if
she expressed feeling hungry, since in his observational experience phentermine works particularly well in
such patients. Between Qsymia and Belviq, Dr. Eckel briefly explained that he would likely favor Qsymia for
such a patient, since he would want the greater efficacy. Looking to the future of obesity pharmacotherapy,
Dr. Eckel touched upon the current phase 3 findings for naltrexone/bupropion (Orexigen's Contrave) and
3.0 mg liraglutide (Novo Nordisk's Victoza for obesity). Strikingly, during the panel discussion, Dr. Eckel
remarked that he did not think 3.0 mg liraglutide's side effects (he appeared to be referring to GI adverse
events) were worth the weight loss. Later, he softened his language slightly, describing its side effects as
"limiting" for the higher dose.

PAST EFFORTS AT PHARMACOLOGIC INTERVENTION - THE GOOD, THE BAD, AND THE
UGLY

W. Timothy Garvey, MD (University of Alabama, Birmingham, Birmingham, AL)

Dr. Timothy Garvey opened his presentation explaining that his talk's sub-title, "The Good, The Bad, And
The Ugly" was assigned by the ADA, and he thought it was "too trite." Thus, Dr. Garvey renamed it
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"Something Old, Something New…" For "something old," Dr. Garvey focused on phentermine and orlistat,
rather than the several of drugs that have been removed from the market. Looking at the gap that formed in
obesity treatment, Dr. Garvey remarked that the weight loss associated with older drugs was not great
enough for many people. Dr. Garvey dedicated much of his presentation to detailing BMI's poor predictive
power for comorbidities, such as type 2 diabetes. Instead, Dr. Garvey pressed that people should use AACE's
complications-centric approach for treating obesity in which the modality and intensity of treatment is
determined by the amount of weight loss a person needs to improve their comorbidities. Dr. Garvey
proposed that people use his group's obesity staging system, the Cardiometabolic Disease Staging System,
which is found to be predictive of complications and mortality risk. Concluding his talk, Dr. Garvey argued
that weight loss is cost-effective and should be reimbursed by the government and payers.

▪ Dr. Garvey explained that generic phentermine it is available at much higher doses
(15-35.5 mg doses) than all but the highest dose of Vivus' Qsymia (15 mg/92 mg
phentermine/topiramate ER). We note that Vivus is a company for whom Dr. Garvey
frequently authors posters and papers. Dr. Garvey continued to describe how phentermine is
associated with 13% weight loss (8% placebo adjusted) and is only approved for three-months use.

▪ Orlistat is approved for long-term use and is associated with weight loss of 5.8 kg vs.
kg of weight loss on a "DPP-type" intervention (baselines not provided). Dr. Garvey
presented data demonstrating that orlistat significantly reduces people's progression to type 2
diabetes by 37.3%. This result was driven by a reduction in risk among people with IGT. In this
population orlistat reduced progression to type 2 diabetes by 45.0%, which Dr. Garvey stated was
better than a DPP-type intervention (Torgerson et al., Diabetes Care 2004). We note that the drug's
GI side effects (due to the malabsorption of fat) have significantly reduced its popularity despite this
efficacy.

▪ Dr. Garvey described a complications-centered model for treating obesity (as
proposed by AACE) as being superior to an approach based purely on BMI. He had five
points to support this hypothesis (details below). Furthermore, he underscored that the relationship
between BMI and complications is complex, with up to 30% of obese patients being insulin sensitive
and without cardiometabolic disease or another significant obesity-related complication. Based on
the BMI model, these patients qualify for extensive weight loss treatments that may not be
necessary.

◦ Nearly 70% of American adults are overweight or obese. Thus, according to Dr.
Garvey, it is not safe or fiscally feasible to treat all overweight or obese people (as defined
by BMI) with anti-obesity pharmacotherapy or surgery.

◦ A complications-centered model, in Dr. Garvey's view, emphasizes medical,
rather than cosmetic, outcomes.

◦ Dr. Garvey explained that 10% weight loss is sufficient to improve many risk
factors for comorbidities. These include insulin sensitivity, glucose homeostasis, lipid
levels, blood pressure, and cardiovascular disease risk factors. This level of weight loss can
also reduce the number of glucose and/or blood pressure control medications people
require. Referencing the DPP trial, Dr. Garvey explained that the ability to prevent type 2
diabetes via weight loss appears to max out at 10%.

◦ Medical and surgical interventions often provide better outcomes than
lifestyle interventions in obese patients with complications.

◦ Dr. Garvey believes that weight loss has the optimal benefit/risk ratio when it
is used a tool to treat the complications of obesity.

▪ Dr. Garvey encouraged attendees to use more efficacious (and higher risk) obesity
treatment modalities and to intensify within a treatment modality, if a person is not
losing substantial weight. Within medical therapy he ordered current options from least intense
to most as follows: phentermine, orlistat, lorcaserin, recommended dose of phentermine/topiramate
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ER (7.5 mg phentermine/46 mg topiramate ER), and high dose phentermine/topiramate ER (15 mg
phentermine/92 mg topiramate ER).

▪ Concluding his talk, Dr. Garvey argued that weight loss is cost-effective and should be
reimbursed by the government and payers. He cited data suggesting that 5% weight loss for
two years results in a total financial benefit of $334, permanent 5% weight loss generates a total
benefit of $3,150, and permanent 10% weight loss could save $6,400 (Dall et al., Am J Prev Med
2011).

▪ Dr. Garvey's Cardiometabolic Disease Staging characterizes a person's obesity as
being one-of-five possible stages of severity.

◦ Stage zero is defined as a person having no risk factors (i.e., waist, blood pressure,
triglycerides, HDL-c) meaning that the person is "healthy obese."

◦ Stage one: the person has one or two risk factors. The rationale for this is that one or two
risk factors elevates a person's risk of future type 2 diabetes and cardiovascular disease.

◦ Stage two: the person has metabolic syndrome or prediabetes.

◦ Stage three: the person has metabolic syndrome and prediabetes.

◦ Stage four: the person has end-stage cardiometabolic disease.

A PRACTICAL OVERVIEW OF THE NEUROSCIENCE OF OBESITY

Michael Schwartz, MD (University of Washington, Seattle, WA)

Dr. Michael Schwartz opened the symposium by explaining current understandings of how weight is
impacted by the central nervous system. Most obese bodies will biologically defend their size, meaning that
nearly 90% of patients regain their lost weight within five years. The current neurological model of
explaining when and how we feed is based on the idea of energy homeostasis controlled by neurocircuits
including leptin. While there is no unified neurocircuit base of obesity pathogenesis, non-homeostatic
feeding circuits (such as states of hypoglycemia or intense stress) are always in balance with normal energy
homeostasis. Lastly, Dr. Schwartz hypothesized that obesity is associated with neuronal injury and
subsequent gliosis in the mediobasal hypothalamic areas that control energy homeostasis. This injury could
be a target for obesity treatment.

▪ Energy homeostasis involves complex, highly integrated neurocircuits through which
the control of short-term food intake is continuously adjusted in response to changes
in the amount of body fuel stored as fat in order to maintain stability. Circulating signals
like the leptin correspond with the hypothalamus to regulate the body's energy intake and
expenditure. Most obese individuals are leptin resistant, not leptin deficient, as leptin promotes a
decrease in energy intake and an increase in energy expenditures. When an individual is on a
hypocaloric diet, leptin levels drop as a consequence. This stimulates receptors to increase food
intake, enhance the reward value of palatable food, and blunt reception of meal satiety. Thus the
body favors unwanted weight gain.

▪ Under emergent conditions (hypoglycemia, external stress, trauma, injury, or illness),
food intake can be potently altered to meet needs unrelated to energy homeostasis
and mechanisms driving food intake can completely override homeostatic controls.
For example, in the case of hypoglycemia sensed by the ventromedial nucleus (VMN), the brain
increases the drive to eat by lifting tonic inhibition of VMN neurocircuits. On the other hand,
inhibition of this powerful non-homeostatic response allows normal energy homeostasis to occur.

▪ Finally, Dr. Schwartz showed data from rodent models of obesity that demonstrated
damaged hypothalamic cells and reactive gliosis. He believes this injury may play a causal
role in obesity pathogenesis and could be a target for obesity treatment.
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PANEL DISCUSSION

Moderator: Samuel Klein, MD (Washington University, St. Louis, MO)

Panelists: Robert Eckel, MD (University of Colorado, Aurora, CO); W. Timothy Garvey, MD
(University of Alabama, Birmingham, Birmingham, AL); Michael Schwartz, MD (University of
Washington, Seattle, WA)

Q: Have you got any studies on whether these drugs combat the leptin effect?

Dr. Schwartz: I have not. I do not have anything useful to say on how helpful that would be.

Q: The thing that was left out was how many people stay on therapy versus drop-out due to the
side effects with these drugs. How many suicides were there? Do we have five-year data yet?

Dr. Eckel: The dropout rate is of course less in lower doses. As you dose up they can get to the 20% range. In
some of the earlier studies the dropout rate was quite higher.

Q: The thing that is interesting is that increasing the dose doesn't seem to give you direct
metabolic, HDL, LDL increases. Is that doubling of metabolic benefits suggesting some other
drug benefit?

Dr. Garvey: In some cases the cardiometabolic benefits with the treatment dose are pretty close to what is
seen with the maximum dose. There is a lot of individual variation here. Seeing the data from the Look
AHEAD study we can assume that certain parameters will improve up to certain thresholds. We can intensify
our therapy if we need more weight loss. With phentermine/topiramate, patients with depression and those
on SSRIs were included. These patients had no complications; there was no suicide signal; these patients did
quite well. Those patients were excluded so the FDA label has a warning for lorcaserin.

Dr. Klein: There is a definitely an expected, dose-dependent weight loss. Additionally, there is a gradual
improvement of triglyceride and cholesterol levels.

Q: For topiramate you showed its kind of weird effect on A1c. Can you explain this?

Dr. Eckel: You seem to be a bit disappointed with the effect on A1c. Comment: The A1c did not really change
despite the weight loss.

Dr. Eckel: There was clearly an A1c effect for phentermine/topiramate and it was dose related. So I am not
sure if I understand your question.

Q: Do you think it is worth it to go through all of the side effects with liraglutide just to lose the
little weight it is associated with?

Dr. Eckel: I do not think that it is worth it. The higher dose does cause a more aggressive weight reduction.
But yes, the side effects do limit the higher dose.

Q: How would you decide which of the new drugs to give the "frustrated patient"?

Dr. Eckel: I wanted you to make your own decision. I might fall back onto what I have done historically. If she
were hungry I might give her phentermine. It is cheap and highly effective if a person is hungry. I may be
looking for a bit better effect with the phentermine/topiramate combination but lorcaserin would also be a
reasonable choice.

Q: You are right to point out that the expectations from patients are sometimes grossly
exaggerated. I think that we fail to get across that the expectation of weight loss is small and
that it takes a long time. I think we need to be responsible physicians to make sure their
expectations are fair.

Dr. Eckel: Great point.

Q: My main question is the safety of these drugs. These studies have been done for about two
years. The safety issues arise when you use the drugs long term. How do you deal with this
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limited data. Do you stop the drug after two years? If so, how do you deal with the weight
regain?

Dr. Garvey: We don't know what the long-term effects of these drugs are going to be. If these patients are
removed from these medications, we know that patients will likely regain their weight so we keep them on the
drug indefinitely. We will rely on clinicians making careful observations and figuring out how to most
effectively use these drugs over the long term.

Dr. Klein: Two of these compounds have been around for a long time. They just have not been used together
before. It is unlikely we will see something new with the lower doses.

Q: It seems like the medications are more effective in patients with complications. What do we
do in our obese patients who don't have complications? How do we clear the gap for them?

Dr. Klein: Let me expand that a bit more. Dr. Garvey, you talked about a disease-centric approach, which
becomes very complicated. You focused it very much on cardiometabolic disease and ignored cancer, arthritis,
and other parts of the disease. So what do you do if this patient does not have active cardiometabolic disease
but is obese?

Dr. Eckel: That is why I included a slide on prevention. We need to do a better job on that. I think that in
terms of patients without comorbidities we need to be more aggressive about the prevention of complications.

Dr. Garvey: I would also stress sleep apnea. In the Look AHEAD study over 80% of patients who were obese
and had type 2 diabetes had sleep apnea. This is a serious condition for which there is no approved
pharmacotherapy. I do not want to just talk about the cardiometabolic disease and give the impression that
the others are not important. When we are talking to an obese patient we should make sure that we have goals
in mind. If we are putting them on medicines or bariatric surgery we are exposing them to risks and we need
to consider the benefits they might reap.

Q: My bias is that those with the most insulin resistance are the most difficult patients - they
have the hardest time achieving success. I have not seen any insulin resistance data. Is
lorcaserin or phentermine/topiramate more efficient at restoring insulin sensitivity?

Dr. Garvey: Fasting insulin and fasting glucose go down. That is indicative of improvements in insulin
sensitivity. There have not been formal clamp studies but both of these drugs improve insulin sensitivity in
association with weight loss. I do not know if one is better than the other, there have not been any head to
head trials.

Dr. Eckel: I agree with Tim. I think the concept of insulin resistance being a defender of excess body fat is an
interesting concept. I think what happens with weight reduction is that as patients become more insulin
sensitive there tends to be more fat oxidation and less fat storage.

Q: Is there enough known about the different mechanisms so that we can use multiple agents
that have different mechanisms to attack glucose homeostasis

Dr. Schwartz: I do think that is where the future lies but I thought that 20 yeas ago. I thought that these
breakthroughs in understanding these neural circuits would lead to therapies that were somewhat effective on
their own but more effective in combination. You would have one thing that promoted weight loss and than
another that blocks the homeostatic response to weight loss. I do think that is where the future lies.
Lorcaserin to some extent stands as being a mechanism-based drug. Really none of the other drugs do -
someone discovered that they were associated with weight loss. I do not think we have a scientific
understanding of how phentermine causes weight loss. If you do not have that, it is hard to use it in a
mechanistic way. Really for all of the chronic medical conditions that we think about (hypertension or type 2
diabetes) one drug may be effective for some segment of the population but many people require more than
one drug. I think that will be the case for obesity as well.

Dr. Klein: It is fascinating to me why some people stay lean while others are obese. Schwartz
let me ask you - what about this other aspect, this executive function, that overrides all these
other mechanisms. People come from Japan, they are skinny and then gain weight due to the

www.closeconcerns.com 237



food - their chemicals are overridden. People will not eat more dinner because they are full
but they eat up the apple pie despite it hurting.

Dr. Schwartz: Mechanisms themselves can cause obesity. Probably the most important mechanism linked to
obesity is that they allow weight to be gained. The mutation is not one that causes obesity, it is one that does
not prevent against obesity as well. You don't have to work very hard in the environment to eat a variety of
foods that have been engineered to be incredibly palatable and energy dense. You are confronted with an
environment that favors positive energy balances. The average BMI continues to drift upwards. The genes are
not changing. The genes determine the susceptibility to the environment and the environment is changing.
Lifestyle intervention is a much better way to prevent obesity than to treat it, because the gained body weight
is now biologically dependent. Even if you eat perfectly you are not going to lose weight. So it is a very
complicated dynamic. The more you lose weight the more rewarding the idea of eating that extra sliver of pie
becomes.

Dr. Klein: So what is the future for pharmacotherapy for obesity? Can you develop chemicals
that will break these mechanisms without making people miserable?

Dr. Schwartz: I think there is a limit. The interesting thing with gastric bypass surgery is that those people can
lose a lot of weight but they do not show the adaptive responses you see in people who lose weight through
lifestyle. That suggests that there is a biological resetting to a lower weight. It is hard to see why that can't be
done with a pharmacological approach. It is a fascinating question. I am going to go to a symposium on
bariatric surgery where I hope the mechanisms discussed will shed some light on this.

Symposium: Obesity Management for the Practicing Clinician

HOW SHOULD THE NEWER AGENTS BE INCORPORATED INTO PRACTICE?

Michelle Look, MD (San Diego Sports Medicine and Family Health Center, San Diego, CA)

Dr. Michelle Look, a family physician, engagingly described how she uses phentermine/topiramate ER
(Vivus' Qsymia) and lorcaserin (Arena/Eisai's Belviq) with her patients. She pressed that overweight or
obese people "just need more help" losing weight and that it is "an exciting time…to finally have some more
tools." In describing the two drugs, Dr. Look emphasized their impact on measures of glycemic control and
cardiovascular risk, remarking that "we are not in the business of making people skinny; we are in the
business of making people healthy and reducing their CV risk." Still, while comparing the two drugs, she
highlighted phentermine/topiramate ER's greater efficacy. She reminded attendees that both drugs are
expensive ("though not as expensive as DPP-4 inhibitors"), a reality that increases patients' concern over
how much weight they will lose on a given drug. Turning to lorcaserin, Dr. Look pointed out lorcaserin's
"impressive" impact on A1c (a reduction of 0.9% vs. 0.4% for placebo, both from a baseline A1c of ~8.0%).
She remarked that this finding could be a reason to prescribe lorcaserin to overweight or obese patients
with type diabetes instead of phentermine/topiramate (whose recommended dose [7.5 mg/46 mg] is
associated with a 0.4% A1c decline vs. 0% for the placebo group, from baseline A1c levels of 7.3% and 6.9%,
respectively). We note, however, that phentermine/topiramate ER was the only anti-obesity
pharmacotherapy AACE recommended for the treatment of overweight and obese people with type 2
diabetes with low, medium, or high risk of complications.

▪ Dr. Look suggested that lorcaserin may be a particularly good option for people who
are obese or overweight and have type 2 diabetes. Dr. Look celebrated both drug's positive
impact on glycemic control and prevention of progression to diabetes - a 76% reduction is associated
with the top dose of phentermine/topiramate ER. However, she placed more emphasis on
lorcaserin's "impressive" impact on A1c in the BLOOM-DM trial: a reduction of 0.9% vs. 0.4% for
placebo from a baseline A1c of ~8.0% despite the use of fewer anti-diabetic medications in the
treatment arm. Indeed, Eisai has suggested that lorcaserin can sell particularly well to people with
type 2 diabetes. We, note, however, that the recommended dose of phentermine/topiramate ER is
associated with a similar placebo-adjusted A1c decline (0.4%), from a lower baseline of 7.3%.
Additionally, phentermine/topiramate ER was the only anti- obesity pharmacotherapy AACE
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recommended for the treatment of overweight and obese people with type 2 diabetes with low,
medium, or high risk of complications.

▪ Dr. Look did not express concern over either drugs' safety profile. She implied that
phentermine/topiramate ER's association with dysgeusia (altered taste) can be a positive, since her
patients on the drug no longer enjoy the taste of soda or beer.

▪ Dr. Look recommended that physicians try phentermine/topiramate ER's
recommended dose, since it was associated with strong efficacy not unlike that of the
top dose. The recommended dose is associated with mean weight loss of about 8% and the top dose
is tied to weight loss of about 10% (vs. placebo weight loss of 1.2 to 1.6%).

▪ Dr. Look remarked that while phentermine/topiramate ER and lorcaserin are
expensive, they are not as expensive as DPP-4 inhibitors. We note, however, that DPP-4
inhibitors are have better reimbursement than either phentermine/topiramate ER or lorcaserin,
meaning that DPP-4 inhibitors likely cost patients less out of pocket.

CME Event: Beyond the Basics: Addressing Obesity in Your Patients with Type 2 Diabetes
(Supported by Vivus)

MAKING THE CONNECTION: THE LINK BETWEEN THE PATHOPHYSIOLOGY OF OBESITY
AND T2DM

Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX)

Dr. Ralph DeFronzo's presentation on the pathological link between obesity, type 2 diabetes, and other
complications marked the first time we have heard his present at an obesity-focused event. Dr. DeFronzo
detailed how the "triumvirate" (pancreas, liver, and muscle) is involved in all these conditions through
insulin resistance. The presence of fat in the liver and muscle drives insulin resistance in these organs, and
beta cell failure (in part due to fat depots in the pancreas) can lead to type 2 diabetes. He presented data
demonstrating that a lean person with type 2 diabetes and an obese person with normal glucose tolerance
have the same level of insulin resistance, as measured by clamp studies of hepatic glucose production and
glucose uptake by the muscles. (This data was from the late 1980s; Dr. DeFronzo remarked that he had to
use an old study, since it is becoming increasing difficult to find people with type 2 diabetes who are lean).
Thus, Dr. DeFronzo argued that the transition from a person being obese without type 2 diabetes, to having
type 2 diabetes is due to beta cell failure preventing the pancreas from compensating for the insulin
resistance. Looking to the other complications of obesity, Dr. DeFronzo argued that metabolic syndrome
should actually be called the "syndrome of insulin resistance," since he thinks the underlying issue is insulin
resistance.

▪ Dr. DeFronzo closed his presentation arguing, "A calorie, is a calorie, is a calorie." He
described the overflow hypothesis, which describes adipocytes as a storage depot for fat. According
to the theory, when the capacity of adipocytes to store fat is exceeded, there is an overflow of fat into
the muscle (leading to insulin resistance), the liver (increasing insulin resistance and hepatic glucose
production), and the pancreas (decreasing insulin secretion).

SELECTING THE APPROPRIATE INTERVENTION FOR OVERWEIGHT PATIENTS WITH
TYPE 2 DIABETES

Steven Smith, MD (Sanford-Burnham Medical Research Institute, Orlando, FL)

Dr. Steven Smith expressed concern that 5-10% weight loss is an underutilized clinical tactic for improving
glycemic control in people with type 2 diabetes despite it being recommended by the ADA. Reflecting on
different lifestyle interventions, Dr. Smith argued that the key is caloric restriction. He emphatically
countered the notion that any one diet or macronutrient ratio is supreme. Ultimately, Dr. Smith believes the
best diet is the one the patient can understand and maintain. Switching to the other side of the anti-obesity
treatment spectrum - bariatric surgery - Dr. Smith described these approaches as being an option for
patients who meet the appropriate criteria . He presented data from the Swedish Obesity Subjects study
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showing that bariatric surgery can reduce mortality (by 29% at a 15 year follow-up), and cause diabetes
remission.

▪ A number of diet interventions can facilitate caloric restriction and improve glycemic
control. Portion control diets (i.e. Nutrisystem) have been shown to lead to an A1c decline of
-0.88%, compared to. 0.03% in the control group (p<0.001; baseline A1cs not provided). He stated
that meal replacements can also be effective, with studies showing an A1c decline of 0.49% (p<0.05).
The Y has implemented what Dr. Smith calls a "DPP-lite" program that can help patients follow-
through their behavior modification (we believe he was referencing the National DPP, for which the
Y is partnering with the CDC).

▪ Though bariatric surgery appears to have a "magical effect" on diabetes remission
one-week post operation, Dr. Smith demonstrated that an extremely low calorie diet
(600 kcal/week) can also spur rapid diabetes remission and improve beta cell
function. From a baseline A1c of 7.4%, a very low calorie diet was found to produce a decline to
7.1% at week 1, 6.5% at week 4, and 6.0% at week 8. This corresponds to a weight loss of 3.9% at
week 1, 9.3% at week 4, and 15.1% at week 8.

▪ Dr. Smith closed his presentation by focusing on whether weight loss without exercise
or exercise without weight loss is better for glycemic control. Citing a re- analysis of the
Dr. Smith suggested that though exercise can be beneficial, weight loss is more important for
glycemic control. Of course, he stated that exercise with weight loss is ideal. To Dr. Smith, this
reinforced the notion that "calories are king." He remarked that exercise is perhaps more important
for weight maintenance than any other function.

ADDING MEDICATION TO THE MIX: USING THERAPEUTICS TO TREAT OBESITY

Samuel Klein, MD (Washington University School of Medicine, St. Louis, MO)

Dr. Samuel Klein focused his discussion of anti-obesity pharmacotherapy primarily on the three currently
available agents for long-term use: orlistat (Roche's Xenical and GSK's Alli), phentermine/topiramate ER
(Vivus' Qsymia), and lorcaserin (Arena/Eisai's Belviq). Dr. Klein underscored the necessity of not thinking
about anti-obesity therapies as "getting patients over the hump," instead framing obesity as a chronic
disease with lifelong treatment. Dr. Klein reiterated that no one should be given medication without some
form of behavioral therapy. If patients are just given an anti-obesity medication, he explained, they are at
risk for a drug's side effects without receiving the full benefits of the potential weight loss. Acknowledging
how difficult behavioral interventions can be (and physicians' general lack of training to conduct them), Dr.
Klein wryly added, "Don't even try diet or lifestyle therapy if you haven't been trained [to do so] or tried it
before. Everything you say will be wrong. Refer them to a dietician or a nutritionist or another specialist
first."

▪ Dr. Samuel Klein began his presentation on anti-obesity pharmacotherapy in people
with type 2 diabetes by reminding attendees that many antiglycemic agents can cause
weight gain. These include insulin, sulfonylureas, thiazolidinediones, and meglitinides.
Prescribing these agents to people with type 2 diabetes can help spur weight loss but is difficult
avoid, according to Dr. Klein, due to the minimal pharmacotherapy options.

▪ Phentermine/topiramate ER's phase 3 program included EQUIP and CONQUER. Dr.
Klein noted that phentermine and topiramate, in their generic form, are typically used at doses of 30
mg and 400 mg, higher than they are found in Qsymia.

▪ Lorcaserin, a selective 5-HT-2C receptor agonist produced a dose-dependent
relationship between taking the drug once or twice a day in patients without diabetes.
The BLOOM-DM study (in people with type 2 diabetes) demonstrated that A1c is reduced
significantly for both once-a-day and twice-a-day doses, as well as improved fasting plasma glucose.
Dr. Klein believes this is due to weight loss, but may also be due to some weight- loss independent
effects currently not understood.
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PANEL DISCUSSION

Moderator: Robert Eckel, MD (University of Colorado Denver, Denver, CO)

Panelists: Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX);
Samuel Klein, MD (Washington University School of Medicine, St. Louis, MO); Steven Smith,
MD (Sanford-Burnham Medical Research Institute, Orlando, FL)

Dr. Robert Eckel: The Institute of Medicine recently made a statement saying that obesity is
not a disease and the AMA just two days ago said that obesity is a disease. Is obesity a disease?

Dr. Steven Smith: I think that it is the wrong question. I think the important question is what we are going to
do about it. If we do not call it a disease it is harder to get people to do anything. I think it was an important
step to have the AMA call it a disease but we really need to figure out what we are going to do in our clinics.

Dr. Ralph DeFronzo: I agree with that. There are so many complications that go with obesity. Rather than
treating each of these individually - if we treat obesity, they might all get better.

Q: When will obesity agents be used in patients with diabetes, early or late in the progression?

Dr. Klein: We really underutilize them in the weight loss paradigm - they should be begun aggressively in the
natural history. In addition to improving glycemic control, weight loss will also benefit the complications of
obese patients.

Q: Can you provide more details on your thoughts about lorcaserin?

Dr. Smith: An important thing about lorcaserin is that not everybody is going to respond to it. I think that it is
important for us to remember that a therapeutic trial is a possibility. For those who did complete the trial
weight loss was around 10%. Not everybody will respond to lorcaserin but if they do they have nice weight
loss.

Dr. Klein: Would you do the recommended dose or double the dose?

Dr. Smith: I am a label guy. I will do what the label suggests. Dr. Klein: Ok, so you won't go with what the data
shows.

Q: Why didn't you recommend discontinuing TZDs?

Dr. DeFronzo: That drug, along with GLP-1 analogs, are the only ones the work in the long run. The more
weight you gain, the better the improvements in A1c and insulin sensitivity. The key is starting with the triple
therapy all the time. We clearly need to change and start treating the pathophysiology.

Dr. Klein: What about endoscopic approaches to fill the gap?

Dr. Klein: There are several of these approaches being tested right now in the US. The results of those studies
will determine which is approved and used in the US. There is a question specifically about the balloon. The
balloon is not used in the US and there is a studying ongoing here. There was a study showing that people had
the same weight loss with the balloon and the sham. Another study showed that people had more weight loss
with the balloon. I think that the US trial will be the determining factor on that one.

Q: Can you comment on the combination naltrexone/bupropion?

Dr. Smith: Naltrexone/bupropion - on the heels of sibutramine, the FDA asked them to do a CVOT, which
should be released next year. If that proceeds well, it could be approved by the FDA in 2014.

Q: Why do we "lose the cure" and get recurrence eight to ten years after bariatric surgery?

Dr. DeFronzo: People have to remember that this is not a cure, you have created a pathophysiological
disturbance that overrides the basic underlying disturbance - it just happens to be a good disturbance. The
only way to cure diabetes is to go back and get different parents and genes. There is always going to be a
genetic predisposition to gain weight. If you have a heavy dose of bad genes you will gain weight despite the
bariatric surgery.
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Product Theaters

A NOVEL TREATMENT OPTION FOR CHRONIC WEIGHT MANAGEMENT (SPONSORED BY
EISAI)

Caroline Apovian, MD (Boston University Medical Center, Boston, MA)

A substantial line of people waiting for Eisai's product theater on Eisai's Belviq (lorcaserin) was already
wrapping around the exhibit hall 20 minutes before Dr. Caroline Apovian's presentation was to begin. Even
though the FDA approved the drug last June, this was the first product theater we attended in which the
speaker could openly discuss Belviq, as the drug was only effectively scheduled by the Drug Enforcement
Agency on June 7, 2013. During her presentation based largely on Belviq's phase 3 data and label, Dr.
Apovian repeatedly described Belviq as the first and only selective 5-HT2c receptor agonist for chronic
weight management. She positively characterized the drug's 3-4% placebo adjusted weight loss. In line with
Eisai's stated belief that one of Belviq's patient niches is people with type 2 diabetes, Dr. Apovian dedicated
part of her presentation to detailing BLOOM-DM, the phase 3 trial of Belviq in people with type 2 diabetes.
She stated that the weight loss seen in this population was "very good" and that the drug was associated
with "nice" and significant drops in both A1c (0.5% placebo- adjusted) and fasting glucose (15.5 mg/dl
placebo-adjusted). On the safety side, Dr. Apovian underscored Belviq's differentiation from past anti-
obesity medications associated with valvulopathy and her belief that the rate of valvulopathy regurgitation
seen among people on the drug (2.4% vs. 2.0% on placebo) is due to obesity being associated with this
condition. Following, Dr. Apovian's one-hour long presentation, 53% of attendees said that they would
reconsider waiting to use pharmacotherapy in their patients who are obese or overweight, 28% stated that
they would not reconsider this, and 20% indicated that they need more information. We are curious what
attendee's reasons are for not reconsidering pharmacotherapy options and what additional information
they would like before prescribing the drugs; unfortunately, the theater did not include a Q&A session
during which people could express these concerns.

▪ Dr. Apovian remarked that the American Medical Association's (AMA) decision to
designate obesity a medical disease, was the culmination of over 20 years of hard
work by researchers and groups like The Obesity Society (TOS). She relayed her (and anti-
obesity companies') hope that the AMA's announcement will lead to increased reimbursement of
anti-obesity medications. Additionally, she believes that if obesity is a disease then a physician's
time diagnosing and treating it should be reimbursed. Currently, most physicians are reimbursed for
treating obesity comorbidities not obesity itself.

CHRONIC MANAGEMENT OF OBESITY - THE ROLE OF A UNIQUE, ONCE-DAILY
TREATMENT (SPONSORED BY VIVUS)

James Gavin III, MD, PhD (Emory University School of Medicine, Atlanta, GA)

An incredible thinker and orator, Dr. James Gavin detailed the label and phase 3 data for Vivus' Qsymia
(phentermine/topiramate ER). Reflecting on the product theater, we felt the program had a more
competitive undercurrent against Arena/Eisai's Belviq (lorcaserin) than we detected at Vivus-sponsored
events before Belviq's launch earlier this month. For example, when reviewing AACE's comprehensive
diabetes management algorithm, Dr. Gavin highlighted that Qsymia is the "only" pharmacotherapy
referenced for the treatment of overweight and obese people with type 2 diabetes with low, medium, or high
risk of complications. Additionally, when describing obesity's pleiotropic etiology, Dr. Gavin remarked that
such a complex disease requires a combinatorial approach, such as phentermine and topiramate ER
(implying lorcaserin monotherapy might not suffice). Reminding attendees of the prevalence of depression
among overweight and obese people, he underscored that Qsymia's phase 3 program included people with
depression, demonstrating that Qsymia is safe in this group. This contrasted with other phase 3 programs
(i.e., Belviq's) that excluded this population. In this vein, Dr. Gavin also focused on Qsymia not being a
serotonergic drug. Indeed, this contrasts with Belviq, a serotonin-2C receptor agonist. Dr. Gavin
emphasized that since Qsymia is not serotonergic, people with depression who are on SSRIs can take the
medication.
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Questions and Answers

Q: Has valvulopathy been seen with Qsymia?

A: No that has not been seen in clinical trials to my knowledge. Qsymia is not a serotonergic drug.

Q: Why should you choose Qsymia over the individual generic drugs?

A: Remember I showed you that Qsymia has doses of those compounds at lower doses than is available in the
generic form. With a pleiotropic disease like obesity you need multiple agents. This is not immediate- release
topiramate; it is extended-release topiramate, so it is not the same as you would get from the generics.

Q: Should Qsymia be used as a chronic therapy?

A: We are talking about a chronic condition, obesity, where the expectation is that you would need long- term
management. Is there a point at which people could be graduated from this therapy? It is not clear; we do not
have 10-year data. For the most part, we are talking about chronic conditions that require chronic therapy.

Metabolic Surgery

Oral Sessions: Gastrointestinal Regulation of Glucose Metabolism

INCREASED ISLET CELL SECRETORY CAPACITY AFTER GASTRIC BYPASS IN PATIENTS
WITH T2DM BUT NOT CONTROLS: RESULTS OF THE LONGITUDINAL ASSESSMENT OF
BARIATRIC SURGERY (LABS) DIABETES SUBSTUDY (190-OR)

Jonathan Purnell, MD (Oregon Health & Science University, Portland, OR)

Dr. Jonathan Purnell discussed his research group's study, which aimed to determine whether gastric
bypass surgery could increase insulin secretion and disposition in type 2 patients (n= 59, split between 37
type 2 diabetes patients and 22 matched healthy individuals). He began by noting that evidence indicates
that bariatric surgery can improve glycemic control in type 2 diabetes patients. In his study, gastric bypass
led to an increase in the acute insulin response in the type 2 diabetes group, compared to a slight, non-
statistically-significant decrease in acute insulin response in the control group. Furthermore, an increase in
insulin sensitivity was observed in only the control group. Dr. Purnell remarked that overall, the data
indicate that the beta cell secretory deficit that underlies type 2 diabetes can potentially be improved with
gastric bypass surgery.

▪ Dr. Purnell's study enrolled a subgroup of the Longitudinal Assessment of Bariatric
Surgery (LABS) trial. Thirty-seven type 2 diabetes patients and 22 matched diabetes-free
controls were studied six months before and after the gastric bypass procedure. Dr. Purnell's group
hypothesized that following surgery, insulin secretion would improve for the type 2 diabetes patients
and would decrease for the control participants (due to the subsequent weight loss).

▪ Gastric bypass led to significant and comparable weight loss across both groups. As
expected, the measured acute insulin response increased by over 100% in the diabetes patients,
while a slight non-significant decrease was observed in the control group. While insulin sensitivity
did not change in the diabetes group, it increased significantly in the control group (Dr. Purnell
remarked that this result was somewhat unexpected). Notably, there was a great deal of intragroup
variation in the disposition index data. Taken as a whole, the study suggests that gastric bypass can
ameliorate the beta cell deficit seen in type 2 diabetes. We feel that the small sample size could be
partly responsible for the intragroup variability and perhaps even the unexpected insulin sensitivity
findings, and we hope to see larger trials explore the effect of gastric bypass surgery on insulin
secretion and sensitivity in type 2 diabetes.

Questions and Answers

Q: Right now you're talking about beta cell secretory ability, but what about beta cell mass?

A: It's the sixty-four billion dollar question. I can't tell you about that now, but the hope is that you can
preserve if not improve that mass over time.
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DIFFFERENTIAL EFFECT OF GLP-1 RECEPTOR BLOCKADE AFTER ROUX-EN-Y GASTRIC
BYPASS ON GLUCOSE METABOLISM COMPARED TO WEIGHT-MATCHED NON-DIABETIC
SUBJECTS (189-OR)

Meera Shah, MD (Mayo Clinic, Rochester, MN)

Roux-en-Y gastric bypass (RYGB) is known to increase postprandial GLP-1 secretion, an effect that may be
due to accelerated caloric delivery to the small intestine. Dr. Meera Shah's group investigated the
contribution of this GLP-1 secretion after RYGB by using exendin 9-39, a GLP-1 receptor antagonist, on a
group of 12 RYGB patients and eight matched controls. The study demonstrated that exendin 9-39
treatment led to a significant decrease in insulin and C-peptide levels in the RYGB group but not the control
group. Glucagon secretion was unaffected in both groups. Dr. Shah's team also found that exendin 9-39
accelerated gastric emptying in the RYGB patients but not in the controls. These results indicate that the
high postprandial GLP-1 concentrations in post-RYGB patients increase insulin secretion and delay gastric
emptying, but have no measurable effect on alpha cells.

▪ While roux-en-Y gastric bypass (RYGB) has been shown to increase postprandial
GLP-1 secretion, the effect of this increase is not fully understood. To determine the
contribution of GLP-1 to the remission of diabetes after RYGB, Dr. Shah's group studied 12
individuals who underwent RYGB at least one year prior (mean of five years post-RYGB), comparing
the results to those of eight well-matched controls. The group used exendin 9-39, a competitive
GLP-1 receptor antagonist to dampen the effect of GLP-1. Carbon-labeled meals (which contain a
short-lived radioisotope, carbon-13 [rather than the most common isotope carbon-12]) were used to
measure endogenous glucose production and meal transit. The group hypothesized that a greater
decrease in beta cell function would occur in post-RYGB patients after exendin 9-39 administration.

▪ Exendin 9-39 led to a significant decrease in integrated insulin secretion in the RYGB
group (19.9 to 13.3 nmol /6 hr; p=0.01); however the antagonist had no effect in the
control group (16.9 to 16.5 nmol /6 hr; p=0.98). Interestingly, despite the lack of change in
insulin secretion in the control group, blood glucose levels were significantly elevated in both
groups. Glucagon levels were unchanged in both groups. In the RYGB participants, the percentage of
a carbon-labeled meal emptied from the stomach in one hour was 10% greater than the amount
emptied in the controls (p<0.01). The data indicate that, in patients having undergone RYGB, GLP-1
increases insulin secretion, slows gastric emptying, and has no effect on alpha cells.

Questions and Answers

Q: How did you determine the rate of isotope infusion between the two groups? You
mentioned that there was an assumption about the glucose flux involved.

A: We used the deuterium glucose infusions based on previous studies we have done. The rate of endogenous
glucose production is expected to go down with meal suggestion. We made the change based on that
knowledge.

Q: Why don't you see an effect in the control groups regarding the effect of exendin 9-39?

A: We did see an effect. GLP-1 concentrations did rise in the control group as well as the bypass group. At
baseline in the healthy group, the GLP-1 concentration seemed flat-ish, but it was because the Y-axis was
accommodating the bypass group. But we did see an effect in both the control participants and the bypass
subjects.

Q: We use concentrations of the blocker that are much higher, because the levels in the portal
veins are high. Did you measure the plasma concentrations of exendin 9-39? I think you
should have.

A: I think we're satisfied with the levels we used, as GLP-1 levels did increase.
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Meet the Expert Sessions

CLINICAL MANAGEMENT OF PATIENTS POST-BARIATRIC SURGERY

Sangeeta Kashyap, MD (Cleveland Clinic, Cleveland, OH)

Dr. Sangeeta Kashyap led an engaging discussion on bariatric surgery that was driven by a stream of
audience questions on remission, post-op management of hypoglycemia, and risk-mitigation strategies for
complications. We were particularly intrigued by the conversation surrounding bariatric surgery in
patients with type 1 diabetes in light of the rising number of patients with type 1 diabetes who have
metabolic characteristics typically associated to type 2 diabetes (e.g., overweight or obesity). Drawing on
the collective experience at the Cleveland Clinic, Dr. Kashyap commented that A1c did improve in these
patients; however, it was at the expense of hypoglycemia. "This is unchartered territory," she said. Overall,
Dr. Kashyap framed her interactive meet-the-expert session around outcomes and changes of clinical
significance, which provided both practical advice and important perspective.

Q: The current ADA criteria for remission of diabetes are not truly remission but controlled
disease, in my opinion. What is the best drug to stay on after bariatric surgery - metformin,
DPP-4 inhibitors, GLP-1 analogs?

A: There are two types of patients I see. I start by thinking about what type of procedure they have had -
vertical sleeve gastrectomy or gastric bypass.

Comment: But they have almost the same benefits.

A: I think gastric bypass is more efficacious. Our STAMPEDE trial showed that. At two to three years, we're
seeing greater relapse with sleeve gastrectomy. When someone's diabetes improves and then comes back, the
question is, did they ever achieve remission? If someone were able to get off all their medication and have an
A1c in the normal range and maintain it for a year, I would say yes, they have biochemical remission. Even in
those circumstances, I've seen cases where glycemic control worsens over time and often times, I see it related
to weight regain. There are people who do gastric bypass and don't loose the amount of weight they should.
They are still obese after surgery. So is it weight related? And then we start thinking about drugs. I think
metformin is a fine choice. You have to be careful; some drugs are over absorbed with gastric bypass. So I
don't use maximal doses. I use 500 mg two times per day. There is a paper in Diabetes Care that shows
bioavailability increases after gastric bypass. I've used both extended and generic metformin.

Q: Sleeve gastrectomy is our standard procedure. My experience is that we have people whose
diabetes never remitted. There is some indication that the amount of weight they lose is an
indicator of whether diabetes will go away or not.

A: I agree, but I will tell you I have patients with sleeve gastrectomy who do get to ideal body weight, but then
their A1c will rise. The time that I start weaning patients off their drugs is at about six months because that is
when they've lost the bulk of their weight. Then at the next three-month visit, we see what happened to their
A1c.

Q: What about insulin?

A: We try to not use short-acting insulins because we precipitate hypoglycemia with these agents. We keep
them on basal insulin and adjust that dose. At the same time, I think drugs like metformin and TZDs - if
they're on TZDs prior to operation, I'm okay with continuing that because I am not concerned about TZDs
precipitating hypoglycemia. I think it's reasonable to do that. I would not suggest SFUs. We're also careful
with short-acting insulins. We'd rather use basal and protect them from hypoglycemia.

[…]

A: In patients with gastric bypass, where there is weight regain, you have to be very specific about asking
dietary questions. The first year the appetite is reduced, but that second year, they are craving things. I've had
patients say they crave sugar and I wonder if they are getting hypoglycemia and are not aware of it. I think it's
important to tell them, don't think your diabetes is gone. You have to tell your patients to continue
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monitoring. I'm interested in their postprandial numbers. And in the setting of weight regain, what is
considered clinically significant? In my mind as a clinician, if their comorbidities start of come back, that's
significant. If triglycerides increase, if hypertension comes back - those are the clinical cues we use.

Q: Ho do incretin levels compare in gastric bypass versus sleeve gastrectomy?

A: In our hypothesis, we thought that sleeve gastrectomy - which removes 75% of the stomach - we thought
that there was reduced caloric consumption and that there was weight loss. But in our two-year data, we
showed that there is a profound insulinotropic effect, even with sleeve gastrectomy. There is an incretin effect
with the sleeve. Have I ever seen an insulinotropic effect where we are getting hypoglycemia? Not with the
sleeve. With gastric bypass? Yes. The sensitivity with gastric bypass is greater.

Q: Who is gathering evidence about the best ways to manage post-gastric bypass patients?
Remission is a lofty goal and a good way to compare surgeries, but I think we should change
the goal. It should be euglycemia on metformin or euglycemia on one agent. We want to
decrease the burden of complications. We need to change the conversation because surgeons
don't talk like this.

A: For patients, I think the biggest thing is if they can get off of insulin - that has the biggest clinical impact.
Once patients are on insulin, once they are on MDI and they are obese, we are not really helping them with
their weight. We have patients who will miss doses because they are worried about the weight gain.

[…]

Q: How long after discharge you see the patient again?

A: In our trial we saw them at a week, one month, three months, and then every three months after that. I
think the first two months are very critical. We need to see them. Some patients are very sick. We only had
one patient with a leak, but that patient was very ill. The risk of dehydration goes up. Their PO intake [oral
intake] is terrible. Bleeding is not so much of a problem but I realize that our surgeons are technically very
good. There was a recent article in JAMA where they had some horrible complications. So it's very dependent
on the skillset of surgeons. As clinicians, we need to know that.

Q: What is your checklist of lab orders?

A: For diabetes? A1c, protein in urine, and a metabolic panel. If you are asking about nutritional deficiencies,
now we are making sure that we do a bone density test and that we are measuring vitamin D, B12, and iron
stores.

Q: You do this at the first visit?

A: Pre-op.

Q: And following the operation?

A: We measure it within the first three months. You have to look at the patients. If they are doing fine and
their diet is advancing, you don't have to worry as much. But the patient who is sick - you have to watch out
for them.

Q: For vitamim B12 deficiencies, is it possible to treat them with highly concentrated pills
instead of injections?

A: We find that B12 is absorbed well, but I think tablets would work just as well.

Q: Have you any experience managing type 1 diabetes after bariatric surgery?

A: We just submitted a case series of 12 patients who had type 1 diabetes based on c-peptide and being
autoimmune antibody positive. For those patients, the biggest issue is ketosis. Many were on pumps prior to
surgery. They were all morbidly obese - BMI 40-45 kg/m2. Insulin requirements will go down, but the
number of times they get hypoglycemia, ketosis - there were a lot of problems in the first six months. We have
to see them very often. It's a roller coaster for first couple months.
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Q: Did their A1c change?

A: Their A1c definitely improved. In about 10 patients with 8.5-9% baseline A1c, there A1c data - which we
have for up to a year - went into the 6% range. But I will tell you, it was at the expense of hypoglycemia. These
were patients managed on pumps so you can very fine-tune their dosing, but the patients are learning how to
eat. Should they change their carbohydrate-insulin ratio? This is unchartered territory. I can tell you they
benefit in that they lose weight, their cardiovascular risk, yes; they use less insulin. In type 1 diabetes, we
think about microvascular complications. What I have noticed with peripheral neuropathy (PN) is that some
of them clearly improve. It's gone after surgery. Some actually get worse and I haven't figured out why. And
for microalbuminuria, invariably that does get better. For retinopathy, I don't have a lot of data. I think people
get better, but we've only been following them for two years and it's too early for us to know.

Q: For post-bariatric hypoglycemia, how do you approach it? Besides acarbose, what do you
do?

A: I think its more common than we think it is. I see a lot of cases and not all of them have typical
hypoglycemia symptoms. I think it's important for them to check their blood sugar two to three hours after
meals. I've mainly seen this occurring two to four years after surgery. If my patients are telling me they are
craving sugar, I start wondering. It's a very different game. Looking at hypoglycemia post- bariatric surgery -
it's hard to know what is dangerous. I think there are women who will have a blood sugar of 50 mg/dl and
they feel perfectly fine.

Q: I have a patient who has passed out a couple of times at work. What do I do?

A: I would have them check blood sugar at home and then I tell them to come in and bring in what they eat
and we'll monitor glucose levels. Assess how severe the situation is. Believe it or not, many patients respond
very well to dietary modification and acarbose. Even people who drop their blood sugar to the 30s [mg/dl], we
can get them back up to the 50s and 60s [mg/dl]. With diazoxide, it becomes tough for patients to take it.
Make sure patients stick to protein and vegetables and take acarbose with meals - most have done well. I have
a few folks on diazoxide. They hate the taste and complain about the cost.

[…]

Q: For very severe hypoglycemia did you ever reverse the gastric bypass procedure?

A: Dr. Philip Schauer [Cleveland Clinic, Cleveland, OH] has reversed it for people with failure to thrive, where
they are not able to maintain their weight. Patients with BMI under 18 kg/m2; in those patients we've done
that.

Q: In a patient with hyperinsulinemia and hypoglycemia after gastric bypass, we did a
pancreatectomy and it didn't help. And then we put in a tube.

A: Yes, feed them through their native anatomy. We had a patient with pancreatitis and in that patient we did
a PEG tube. Consider it as an option. I don't think pancreatectomy is a good option at all. We've fed patients
through the mouth and put in a PEG tube. Through the PEG, their insulin levels come down. It's not just
overproduction of insulin but also how the nutrients are interacting with the intestine. I don't think a
pancreatectomy is the right option.

[…]

Q: When someone goes from 300 to 200 lbs, that affect their dexa score and bone density will
decrease.

A: Even in our trial, we are reporting that bone density was reduced by about 10%. That was a consequence of
weight loss itself. Longer term, I don't know. There are other studies that show bone turnover markers do
increase.

Q: I find that bariatric surgery candidates are selected based on having relatively low
cardiovascular risk. I don't know if we are benefitting the people who need it most. Are people
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collecting data? We're doing it with DPP-4 inhibitors and GLP-1 agonists, but is anyone
looking at this? Is there a benefit from an outcomes or risk point of view?

A: For people who go do bariatric surgery, I think of them as all high risk in terms of body weight. Sleep apnea
is a big issue in these patients too. In our practices, they will also always have a liver biopsy done at time of the
gastric bypass. Often, we have moderate to severe fatty liver disease. For most of them, the treatment has
already been given - the weight loss. But sometimes, it doesn't resolve or if it is severe enough, they don't
respond to the weight loss.

Q: Can you comment on biliary stones?

A: Do you put patients on agents to prevent gallstones? Comment: We do.

A: With treatment, we've not really had any issues with biliary stones. For some patients who have had
chronic abdominal pain, they've taken out the gallbladder to see. With chronic abdominal pain, when are you
concerned about problems with reflux? I'm sure a lot of your patients are on proton pump inhibitors (PPIs).
Keep this is back of your mind that PPIs don't help with bone issues. It's something in addition to consider.
Any other complications to address specifically?

Q: What about the psychology of a patient? They often become depressed after surgery.

A: In bariatric practice, the most important person is the psychologist. A lot of these folks underreport the
psychological problems they have, and once you take away their comfort, which is food, alcoholism may
increase; suicidality may increase. For a lot of weight regain we see, I utilize our psychologist quite a bit.

Q: What about contraception?

A: I've had a few patients who have gotten pregnant. We ask women to try to not get pregnant in the first year.
I've had one or two who have and we've been very careful about giving them the nutrition they need. But that's
an important topic.

Q: When do you do a re-operation?

A: When there is significant weight gain and you think it might be anatomical. You've ruled out behavioral
factors and other physiological factors. In patients where they've almost regained everything they've lost, the
surgeons may tighten the sutures. But again, that's not very often that they will have to re-operate.

Q: Patient agreement and acceptance of bariatric surgery is low.

A: I think a lot of patients will benefit. A lot are fearful and often, when they are ready for it, they are so high
risk. I think that's where they wouldn't listen to our advice. They call me when they are denied by the surgeon.
It's a shame. If they had gotten the procedure done five to 10 years ago, it might have been the best thing that
happened to them. Timing is everything. Its important for us to tell them it has to be addressed. It's our job to
tell them.

Q: We tell them that. But only a small percentage of patients come forward.

A: We refer them to support groups. We tell them to look into that as well.

Q: Most of your patients have very good BMI after surgery. Are there gender differences with
metabolic memory and depression?

A: That's a very good point. Most who do bariatric surgery are young women. In our trial, we had a fair
number of men and they often reaped the benefits. And their hypogonadism got better. I think there may be
gender differences. We look at those. Depression, I think, those problems are there in a patient history, but
they are underreported and those reemerge.

Q: And metabolic memory?

A: No one really knows. If you have great control for five to seven years, I think your body will be happy. If
your disease can take a holiday for as long as possible, your organs are thankful for that.
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Symposium: Improving Glucose Metabolism With Bariatric Surgery-Mechanisms of Action

MECHANISMS INVOLVED IN THE METABOLIC IMPROVEMENTS AND PREVENTION/
DELAY OF DIABETES ONSET BY BARIATRIC SURGERY

Peter Havel, PhD (University of California, Davis, CA)

Bariatric surgery is "currently the most effective long-term treatment for obesity and results in rapid type 2
diabetes reversal," said Dr. Peter Havel. He argued that the short-term metabolic changes after Roux-en-Y
gastric bypass (RYGB) cannot be explained by caloric restriction alone; Dr. Havel presented data from 22
morbidly obese subjects (no diabetes) randomized to either RYGB or dietary restriction to show that RYGB
increases hepatic insulin extraction, postprandial insulin response, and postprandial GLP-1 response. Dr.
Havel hypothesized that liver fat content decreases after RYGB leading to the enhanced hepatic insulin
extraction. He dedicated the latter half of his talk to murine models of ileal interposition (IT) and vertical
sleeve gastrectomy (VSG) to explore the pathway by which IT and VSG can prevent type 2 diabetes.
Backtracking momentarily, he showed that the UCD-T2D rat model is superior to the ZDF rat model in
modeling type 2 diabetes in humans (Cummings et al., Am J Physiol 2008). Dr. Havel showed that IT
surgery increased circulating bile acids and proposed that the increase in cholic acid may act by decreasing
endoplasmic reticulum stress. IT had a number of other effects in UCD-T2D rats, including improved
glucose tolerance, insulin sensitivity, and insulin secretion. In the VSG model, he demonstrated that the
surgery had the additional effect of increasing adiponectin and posited that it was due to decreased ghrelin
levels.

ROLE OF BILE ACIDS IN THE MEDIATION OF WEIGHT LOSS AND GLUCOSE TOLERANCE
(2-OR)

Karen K. Ryan, PhD (University of Cincinnati College of Medicine, Cincinnati, OH)

Bariatric surgery is extremely effective in reversing obesity and maintaining long-term weight loss relative
to the modest efficacy of pharmacologic and lifestyle interventions. The Vertical Sleeve Gastrectomy (VSG)
is a simple procedure that removes 80% of the stomach along its greater curvature, leaving the individual
with a small tube linking to the intestine. Cumulative food intake is reduced and similar to Roux-en-Y
gastric bypass surgery, weight loss can be maintained over time. Dr. Ryan stressed that the benefits of VSG
are not due to restriction or malabsorption (there was no change in fat absorption as compared to controls).
Rather VSG is a metabolic surgery and research shows not only a significant increase in bile acids but
furthermore, there may also be a role for bile acid signaling to regulate metabolism. Both circulating bile
acids and ileal bile acid receptor (FXR) activity are substantially increased following VSG. When
investigating the targeted genes of bile acid signaling, research shows that the FGF-15 and FGF-19
hormones (mouse and human homologues, respectively) are dramatically increased and play roles in
improved glucose metabolism. FXR knockout mice recover the initial body weight and fat lost following
VSG. These mice compensate for the initial anorectic response to VSG, meaning there is no difference in
cumulative food intake. These mice also show blunted improvement in glucose tolerance following VSG.
Thus, Dr. Ryan demonstrated that FXR signaling is linked to improved glucose control following VSG and
improved weight loss maintenance. Dr. Ryan mentioned, critically, that there are reciprocal interactions
between bile acids and gut microbiota. While bile acids activate FXR and alter gene expression, the
microbiota differentially deconjugate and dehydroxylate bile acids, which alters FXR signaling. While more
remains to be seen, this complex interaction may contribute to the benefits of bariatric surgery and glucose
metabolism.

Questions and Answers

Q: I imagine it's been annoying for you to deal with the fact that the FXR knockout at baseline
is lighter and more glucose tolerant than wild types. Why is that? It would seem if anything at
baseline FXR knockouts would cause heavier and glucose intolerant animals - not the other
way around?
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A: Now that's a great question and I would love to have the answer to it and I would like to continue
investigating. The FXR knockout mice have a strange phenotype, which is that on a chow diet they tend to
have impaired glucose tolerance, and when they are on a high fat diet they have relatively improved glucose
tolerance. Why this switch occurs, I'm not sure. I wonder if it has something to do with the interaction in gut
microbiota. Moreover this is important for adipogenesis, so I think breaking this down into tissue-specific
effects will be an important next step.

Q: Why is there an increase in expression of FXR target genes? Can you potentially use the bile
acid to kick off the process?

A: In the first case, that's an interesting question that also will require some follow up studies. What we
observe is a change in serum bile acids, which, as you are probably aware, does not necessarily mean a change
in the total bile acid pool. In another study of metabolism, researchers saw an increase in the FXR target
genes in the ileum in the presence of the gut microbiota, but there was actually a decrease of availability in the
ileum. So it may not be a direct relationship between total bile acids and FXR signaling, there is probably
some effect of the bile acid composition.

Q: I'm confused why bile acids remain elevated, because FXR seems to be activated. FGF-15 is
also elevated so it seems like that would potentially over time bring the bile acid pool down to
normal, or at least lower it significantly. Why do you see both increased bile acids levels and
increased FGF19?

A: I don't have a great answer for you. We have been looking at longitudinal studies to address that - looking
at bile acid levels and composition

Q: Have you looked at the TGFR5 receptor?

A: No.

Symposium: Joint ADA/EASD Symposium-Metabolic Effects of Bariatric Surgery- How Low
Can You Go?

CLINICAL TRIAL OUTCOMES OF BARIATRIC SURGERY FOR TYPE 2 DIABETES

Philip Schauer, MD (Cleveland Clinic, Cleveland, OH)

Dr. Philip Schauer presented evidence that bariatric surgery could be a useful option for type 2 diabetes
treatment. Four randomized controlled trials (RCTs; including one brand new study in JAMA [Ikramuddin
2013]) of various types of bariatric surgery compared to either conventional or intensive medical treatment
have now shown that bariatric surgery consistently results in superior glycemic outcomes (e.g., diabetes
remission) and improves cardiovascular risk factors. While no long-term RCTs have been done to date, a
number of long-term studies beyond five years suggest that the benefit over medical therapy persists over
the long term. Dr. Schauer reviewed the current guidelines and recommendations of major diabetes
societies, expressing the greatest approval for the IDF's guidelines, which voice the strongest support for the
use of bariatric surgery in type 2 diabetes. In Q&A, Dr. Schauer urged the NIH and NHLBI to seriously
consider larger, randomized trials to examine cardiovascular outcomes for bariatric surgery in type 2
diabetes.

▪ Dr. Schauer reviewed results from the four randomized controlled trials (RCTs) that
have compared the effects of bariatric surgery to medical therapy on clinical outcomes
in type 2 diabetes. All showed that bariatric surgery was superior for diabetes remission and
improving cardiovascular outcomes. Generally, adverse events observed were in the expected range.

◦ The first RCT of this kind compared laparoscopic gastric banding (LAGB) with
conventional medical treatment for type 2 diabetes (Dixon et al., JAMA 2008).
Patients (n=60) had relatively new diabetes (<2 years from diagnosis; average baseline A1c
7.7%; none on insulin treatment). Remission rates of 73% in the LAGB group compared to
13% in the medical treatment group were observed after two years. Dr. Schauer noted that
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this was likely driven by weight loss of 21% vs. 2%, respectively in the two groups. Neither
group experienced serious side effects.

◦ Dr. Schauer's STAMPEDE trial was next - this study compared Roux-en-Y
gastric bypass (RYGB) and sleeve gastrectomy (LSG) with intensive medical
therapy targeting an aggressive A1c of 6.0%. Patients (n=50) were randomized to
RYGB, LSG, or intensive medical treatment; they had relatively advanced diabetes
(average baseline duration of eight years; average baseline A1c of 9%; most patients on
more than 3 anti-diabetic agents). The primary endpoint was A1c ≤6% with or without
medical treatment after 12 months; 12%, 42%, and 37% of the medical therapy, RYGB, and
LSG groups, respectively, achieved this goal. The proportion of those achieving ≤6% A1c
without medical therapy was 0%, 42%, and 27%, respectively. The surgical groups
experienced superior glycemic control while almost eliminating the need for diabetes
medications.

◦ Geltrude Mingrone's 2012 NEJM study compared two surgical cohorts (LAGB
and biliopancreatic diversion [BPD]) with standard medical therapy. Patients
(n=60; baseline A1c 8.5%; diabetes duration of six years) were randomized to LAGB, BPD,
or standard medical therapy for two years. Remission rates for these three groups were
75%, 95%, and 0%, respectively. Dr. Schauer noted that some potential malnutrition might
have been observed in the BPD group, while this was not a concern for RYGB.

◦ A brand new study published in JAMA in June 2013 (Ikramuddin et al.)
compared RYGB with intensive medical therapy. This was a multicenter (in the US
and Taiwan), 12-month RCT (n=120; baseline A1c of 9.6%). Notably, 60% of patients had
BMI <35 kg/m2 whereas most people in the previous three RCTs had BMI over 35 kg/m .2

The primary endpoint was a composite of A1c <7%, LDL cholesterol <100 mg/dl, SBP <130
mmHg (the ADA's triple ABC recommendations); 49% of those in the surgical group vs.
19% of those in the medical group achieved these goals. In addition, 44% and 9%,
respectively, achieved diabetes remission. One patient had a very poor outcome that
resulted in brain injury. In total, there were 15 major adverse events (AEs) in the medical
treatment group and 22 major AEs in the surgical group.

▪ Dr. Schauer then reviewed evidence for the long-term benefit of bariatric surgery. The
SOS study has now been running for more than 20 years. While the original results showed a 72%
vs. 21% diabetes remission rate in the surgical vs. control cohorts, the number of patients in
remission fell to 36% vs. 13% after 10 years. Dr. Schauer stated that while remission rates fall after
time, the superiority over the control group still persists. Additionally, David Arterburn's group
(Obesity Surgery 2013) showed that the median duration of remission was 8.3 years - a substantial
amount of time in our view.

▪ Finally, he reviewed the ADA, AACE, and IDF positions on bariatric surgery for type 2
diabetes. The ADA is the most conservative, stating that surgery could be considered for patients
with severe obesity and a BMI ≥35 kg/m2 but that there is insufficient evidence to recommend
bariatric surgery for patients with BMI <35 kg/m2. AACE recently added bariatric surgery to their
guidelines for the first time, recommending surgery after failure of lifestyle and medical therapies in
patients with BMI ≥35 kg/m2. The IDF is the strongest proponent of the three - it says that surgery
should be an accepted option for people with BMI ≥35 kg/m2 and type 2 diabetes and should be
considered for people with BMI of 30-35 kg/m2. It even goes as far as to suggest that patients of
certain ethnicities or otherwise predisposed to type 2 diabetes (e.g., Asians), should be considered
candidates at a BMI as low as 27.5 kg/m2.

Questions and Answers

Q: Are you aware of three studies that have been published in the last three months comparing
surgery with a very intensive low calorie diet? The results of the three studies show that in a
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short period of time, the results were the same. These studies you've been showing have been
with traditional calorie diets. Could diet get the same effect as surgery?

A: While short-term diets have been known for many years to have very profound effects on type 2 diabetes,
they have been very short term and very transient. None of those studies go much beyond a few months,
especially not beyond a few years. To my knowledge, there is nothing comparing low calorie diet long term
with clinical outcomes. That may be the value of bariatric surgery - sustainability. SOS is now out to 20 years
showing that sustainability is quite dramatic. Clearly the mechanisms of what drives the benefit need to be
studied further. Most would agree that weight loss and caloric reduction are factors. There are also lots of data
suggesting other endocrine and neuroendocrine effects may have predominant effects as well. All this calls for
larger RCTs to answer these questions.

Q: This question relates to CV endpoint studies. We're doing them with DPP-4 inhibitors and
GLP-1 agonists. Is it being done with bariatric surgery anywhere?

A: The SOS study's primary endpoint was CV. It wasn't randomized, but it clearly showed benefit for all- cause
mortality for diabetic and nondiabetic patients. Currently to my knowledge no studies are large enough to
realistically look at these CV endpoints. I do hope NIH and NHLBI look at this very seriously.

EFFECTS OF BARIATRIC PROCEDURES ON INSULIN SECRETION AND BETA CELL
FUNCTION

Geltrude Mingrone, MD, PhD (Catholic University, Rome, Italy)

Dr. Geltrude Mingrone first reviewed evidence suggesting that biliopancreatic diversion (BPD) and Roux-
en-Y gastric bypass (RYGB) improve glucose metabolism in very different ways: whereas BPD has a
greater effect on improving insulin sensitivity, RYGB's major effect is improving insulin secretion. She then
asked what might be the mediators of improved glucose metabolism after metabolic surgery - she presented
evidence showing that neither of the two usual suspects, GLP-1 and ghrelin, were necessary for the
improvements in glucose metabolism. In contrast, she believes that bypassing the proximal bowel (the
duodenum), and instead delivering nutrients to the mid-bowel (the jejunum), is a relevant factor for
improving glucose metabolism. Finally, Dr. Mingrone presented striking new data from her group
suggesting that intestinal peptides other than GLP-1 or ghrelin may be involved in inducing insulin
resistance in type 2 diabetes.

▪ Dr. Mingrone presented evidence that neither GLP-1 nor ghrelin is necessary to
mediate the glycemic effects of metabolic surgery. In a recent Diabetes paper (2013), sleeve
gastrectomy had the same effect on GLP-1 receptor knockout mice as wild type mice. In addition,
rodents who were not able to secrete ghrelin had similar responses to sleeve gastrectomy (Chamber
et al., Gastroenterology 2013).

▪ Dr. Mingrone believes nutrient exclusion from the duodenum plays a large role in
mediating the metabolic effects of RYGB. When a sleeve protected diabetic rodents'
duodenums, the OGTT response was normalized. However, when the sleeve had holes in it to allow
nutrients to escape into the duodenum, the OGTT was typical of a diabetic animal (Rubino et al.,
Ann Rev Med 2010). In addition, Dr. Mingrone's group recently published work showing that when
delivering a mixed meal into the distal jejunum (mid-lower bowel), the proximal jejunum (mid-
upper bowel), or the duodenum (upper bowel) on separate days, patients' insulin response only
improved when the nutrients were delivered to the distal jejunum (Salinari et al., Am J Physiol
Endocrin Metab 2013).

▪ Lastly, Dr. Mingrone presented striking new data from her group suggesting that
proteins secreted by the duodenum-jejunum of db/db mice with type 2 diabetes might
be responsible for inducing insulin resistance. After isolating these proteins and incubating
them with normal mice soleus muscle tissue and L6 skeletal muscle cells, insulin resistance was
induced. Additionally, injecting these proteins intravenously into normal Swiss mice was sufficient
to induce insulin resistance as demonstrated by an insulin tolerance test.
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Questions and Answers

Q: Could you comment again on the last experiment? I may have missed it. In humans did you
take a jejunal biopsy or fluids? How did you show that some proteins secreted by the jejunum
in humans induced insulin resistance?

A: We obtained the jejunum samples during bariatric surgery and also during enterectomy in patients with
Crohn's disease. Despite the fact that patients with Crohn's should be more insulin resistance due to the
inflammation, these proteins were unable to induce insulin resistance, while proteins obtained form insulin
resistant subjects did.

Q: Are outcomes with sleeve gastrectomy and gastric bypass similar?

A: Gastric bypass is more effective in improving insulin sensitivity than sleeve gastrectomy, although there are
fewer studies on sleeve gastrectomy than RYGB. Indeed the bypass of a larger portion of the gut could explain
the improvement in insulin sensitivity. After gastric bypass there is a small improvement in insulin sensitivity.
After BPD there is a large improvement of insulin sensitivity, probably due to the larger bypass of the small
intestine. The sleeve gastrectomy is not so effective in either improving insulin sensitivity or increasing insulin
secretion.

GUT BRAIN AXIS POST-BARIATRIC SURGERY

Allan Geliebter, PhD (Columbia University Medical Center, New York, NY)

Dr. Allan Geliebter explored the neural system's response to food in obese versus lean individuals and the
corresponding changes post-bariatric surgery. Following an introduction to gastric distension, Dr.
Geliebter discussed how obese individuals have an altered reward response to meals. Post-bariatric
surgery, the reduction in mesolimbic activation in response to high-energy dense food suggests a
restoration of the brain's normal response to high-energy dense food. Further, he noted how bariatric
surgery altered the levels of hormones known to affect the brain's response to food.

▪ Using an intragastric balloon to distend participants' stomachs, Dr. Geliebter's group
evaluated how the brain responds to gastric distension. In the study (n=18) the balloon was
filled to 250 ml, then 500 ml, and then deflated stepwise. As the balloon was filled, they observed
activation in the amygdala and then the insula, which usually detects signals from the gut;
participants reported changes in fullness but not hunger or discomfort. Interestingly, they observed
a significant inverse correlation between BMI and brain activation- the greater the individual's BMI,
the smaller the response to equivalent gastric distension.

▪ Dr. Geliebter briefly reviewed mesolimbic dopamine reward pathways in the brain,
before evaluating how obese individuals' brains assess reward. In a PET study, obese
individuals had reduced D2 receptor binding compared to normal individuals, indicating lower
activation of the dopaminergic reward pathways. An fMRI study involving 10 obese (BMI=33 kg/
m2) and 10 lean individuals (BMI=22 kg/m2) without diabetes demonstrated that high-energy
dense foods (>3.5 kcal/g) led to greater dopamine reward system activation in obese individuals
compared to lean individuals.

▪ In an fMRI study comparing reward activation in women before and one month after
surgery, investigators found that the reward response to high-energy dense foods
decreased by a greater magnitude than did the reward response to low-energy dense
foods following surgery. Dr. Geliebter concluded that the discordant reduction in mesolimbic
activation in response to different energy dense foods appears to help restore the brain's normal
response to high-energy dense food cues.

▪ A prospective study of 13 healthy women with BMI >40 kg/m2 evaluated GI hormones
and gastric emptying pre- and post- surgery in response to a nutritionally complete
liquid meal that followed an overnight fast. Post-surgery, there was a rapid rise in CCK (a
neuropeptide involved in satiety signaling) after the meal compared to pre-surgery tests and an
interesting decrease in leptin levels, all indicating an altered neural response. Additionally, gastric
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emptying was much faster post-surgery. Finally, Dr. Geliebter reminded the audience of Dr. David
Cummings' findings that post-surgery ghrelin levels stay flat after a meal compared to the normal
rise.

GUT MICROFLORA RESPONSES AND METABOLISM TO BARIATRIC SURGERY

Karine Clément, MD, PhD (ICAN, Paris, France)

Dr. Karine Clément discussed "the other genome" - the collective genome of gut microflora - and how it
contributes to the effects of bariatric surgery. She noted that there are significant changes in the microbiome
post-surgery that could be involved in weight loss. She reviewed a study (n=47) that demonstrated a
positive correlation between two types of bacteria (Bifidobacterium and Lactobacillus) and BMI, percent fat
mass, and leptin levels. F. prausnitzii was negatively associated with inflammatory markers, independent
of food intake. Dr. Clément then presented data showing that obese subjects have a lower diversity of gut
microflora and that a very low diversity can lead to impaired metabolic improvement even while dieting.
After bariatric surgery, microflora diversity increases; about 58 new species were found post-surgery in
one study. Dr. Clément posited that the changes in food intake, pH, intestine motility, and incretin levels
create an environment that can modify the gut microbiome. Some of the beneficial effects of microflora
changes are transmissible, as shown in a mouse study where the gut microbiome of a mouse post-surgery
was transplanted into another germ-free mouse, resulting in weight reduction and reduced production of
short-chain fatty acids. Dr. Clément concluded with a summary of current knowledge on the topic:
microflora richness changes after gastric bypass surgery; there are strong associations between microflora
and metabolic and inflammatory phenotypes; and changes in food intake explain only about 50% of these
effects.

Symposium: Exercise as Adjunct Therapy for Insulin Sensitivity and Diabetes

DOES EXERCISE PROVIDE ADDITIONAL BENEFITS TO CARDIOMETABOLIC RISK
FOLLOWING BARIATRIC SURGERY?

Bret Goodpaster, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. Bret Goodpaster took the place of Dr. Paul Coen in this presentation on the benefits of exercise after
bariatric surgery, joking that Dr. Coen's broken foot that prevented his attendance is a reminder that
exercise can be bad for you. After a brief review of trends in obesity, Dr. Goodpaster outlined the differences
between the two types of bariatric surgery procedures - Roux-en-Y gastric bypass and laparoscopic
adjustable banding - emphasizing that bariatric surgery is more effective for restoring glycemic control
compared to intensive medical treatment in patients with uncontrolled diabetes (Schauer et al., NEJM
2012). Dr. Goodpaster noted that although exercise is recommended in post- operative programs, it rarely
happens in practice. He then presented the results of his randomized controlled trial that demonstrated the
additive benefits of physical activity to surgery-induced weight loss, which he remarked is the first of its
kind (ClinicalTrials.gov Identifier: NCT00692367). The study randomized 128 post-gastric bypass
participants without diabetes to either a six-month exercise or lifestyle education program, with insulin
sensitivity and glucose effectiveness determined by IVGTT as the primary endpoint. Dr. Goodpaster noted
that patients in the exercise arm exhibited significantly greater improvements in insulin sensitivity and
glucose effectiveness, although he mentioned that he was not sure what to make of the latter data. Patients
in the exercise arm also experienced an increase in cardiorespiratory fitness - which could protect against
cardiovascular disease related deaths - as well as an improvement in mitochondrial respiration in muscle.
Dr. Goodpaster concluded bynemphasizing that the study participants will be followed for up to four years
and that he hopes this data will help inform clinical guidelines for exercise post-surgery.

Questions and Answers

Q: We heard earlier about this interaction between exercise and medication and some data
presented suggested decreasing medication use with exercise. Did you track medication use in
these patients post-operatively?
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A: I failed to mention that these were all non-diabetics in the study. I don't recall if they were on metformin.
I'm interested in the antidepressant use in these patients. About 50% of these bariatric surgery patients are on
antidepressants. We really need to take a harder look at how this plays a role.

Q: Are these people coming back for follow-up?

A: We just finished the main trial in December, so not enough time has gone by. We're getting most of them
back, so far.

Q: Do you have GLP-1 levels?

A: We have a lot of blood samples.

Q: Typically these patients normalize their glucose tolerance and their fasting glucose levels,
but they don't normalize their insulin sensitivity. Comment?

A: These are non-diabetics, again. Their glucose levels weren't in the diabetic range. As you know, you
typically don't see a huge effect on glycemia with weight loss. It is an interesting question. I think again it's a
question of the population and the range of glycemia that you're looking at.

Q: Do you have meal tolerance test data on these patients? Do you have any insulin or
pancreatic responses?

A: We have the insulin secretion data; we did not do meal tolerance tests. It's hard to do everything.

Q: In Dr. Sigal's work, he mentioned it was patient reported exercise. What was the standard
for exercise in this study?

A: It was a traditional walking program based on percent of max heart rate, but we did full blown peak VO2
tests at the beginning. We set the range of exercise intensity based on percent of max heart rate, and we were
able to capture compliance to amount of exercise with heart rate monitors.

Symposium: Obesity Management for the Practicing Clinician

A PRACTICAL APPROACH TO CURRENT ENDOSCOPIC AND SURGICAL OPTIONS

Christopher Thompson, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Christopher Thompson described the factors he would consider when selecting a surgical procedure for
obesity management: 1) how much weight loss is needed; 2) what is the acceptable level of risk; 3) does the
patient have comorbidities that need to be addressed; and 4) how motivated is the patient. Keeping these
considerations in mind, he recommended sleeve gastrectomy or laparoscopic adjustable gastric banding in
less obese patients who want to minimize their risk. In class III obesity, Dr. Thompson would consider Roux-
en-Y gastric banding (RYGB), staged RYGB, or sleeve gastrectomy. In more obese patients, he suggested
RYBG or possibly, duodenal switch or biliopancreatic diversion. "We know surgery is effective, however
surgery is not ideal for treating an epidemic," he said. He believes that endoscopy "will likely offer a new
paradigm in obesity care." In particular, he envisions endoluminal solutions playing an important role as a
bridge (i.e., to decrease surgical risk), for early intervention, and as metabolic therapy (e.g., for diabetes).

▪ "In obesity, we don't have that spectrum of care. We hope endoscopy can fill that gap."
Dr. Thompson displayed a chart with early interventions for orthopedics, cardiology, and obesity
that were classified as non-invasive, minimally invasive, or surgical. Minimally invasive procedures
were noticeably absent in obesity care. He stressed that early obesity interventions needed to be 1)
safe with modest weight loss or weight gain prevention and 2) durable or repeatable.
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Lifestyle Intervention for Obesity

Oral Sessions: New Findings from Controlled Behavioral Interventions

IMPACT OF WEIGHT LOSS ON PATIENT-REPORTED OUTCOMES IN OBESE TYPE 2
DIABETES (1-OR)

Donald Simonson, MD, MPH (Brigham and Women's Hospital, Boston, MA)

Dr. Simonson presented the results of a trial examining the effects of weight loss on patient-reported
outcomes in obese subjects with type 2 diabetes. In the trial, 39 obese patients with type 2 diabetes were
randomized to receive either intensive medical diabetes and weight management (n=19) or laparoscopic
Roux-en-Y gastric bypass (n=19). Patients in both groups demonstrated similar improvements in the SF-36
(a self-reported assessment of physical and mental health; +10 with intensive management vs. +8 with
RYGB in physical health; +10 vs. +10 in mental health) and the Improvements in the Problem Areas in
Diabetes tool (assesses emotional distress, eating behaviors, and difficulties in diabetes self- management; a
lower score shows improvement; -15 vs. -20) at one-year follow-up; this is notable given weight loss
stabilized and declines in A1c were not maintained in the intensive management group, highlighting the
lasting psychological impact of health education. In contrast, scores on Impact of Weight on Quality of Life
(assesses physical function, self-esteem, sexual life, public distress, and work satisfaction; a lower score
shows improvement) were significantly more improved with RYGB at one-year follow-up (-12 with
intensive management vs. -34 with RYGB) - this was expected from previous data, with improvement in
these scores significantly correlated with degree of weight loss, informative for patients' treatment
decisions.

▪ Patients with obesity and diabetes report significant physical and psychological
distress often associated with the severity of obesity and poor glycemic control. In
order to investigate the effects of weight loss on patient-reported outcomes, 39 obese patients with
type 2 diabetes were randomized to receive either intensive medical diabetes and weight
management (n=19; baseline A1c 8.8%; baseline BMI 36.5 kg/m2) or laparoscopic Roux-en-Y
gastric bypass (n=19; 8.2%; 36.0 kg/m2). Intensive medical management included a 12-week
intensive management program followed by monthly one-on-one appointments for one year, as well
as intensive medication adjustment to facilitate weight loss and structured dietary and exercise
interventions. Outcomes were assessed at 10% weight loss or three-month follow-up if 10% weight
loss not achieved and at one-year follow-up.

▪ At 10% weight loss (or three-month follow-up), patients treated with RYGB
demonstrated greater decline in BMI versus intensive medical management patients
(-4 vs. -3 kg/m2; p<0.001). Weight loss continued to improve with RYGB at one- year follow-up
versus relatively no change with intensive management (-10 vs. -3 kg/m2; p<0.0001). Both groups
demonstrated similar declines in A1c at 10% weight loss/three-month follow-up (-1.7% with RYGB
vs. -1.5% with intensive management), though declines were only maintained at one year in the
RYGB group (-1.6% vs. -0.2%; p=0.02).

▪ Patient-reported outcomes were assessed via three self-reported assessment tools.
Patients receiving intensive management showed greater improvement in the SF-36 (a higher score
shows improvement) at 10% weight loss/three-month follow-up versus RYGB (+10 vs. 0 in physical
health; +12 vs. +6 in mental health), though improvements were similar at one-year follow-up (+10
vs. +8 in physical health; +10 vs. +10 in mental health), suggesting the initial difference could be due
to persistent symptoms post-operatively. Improvements in the Problem Areas in Diabetes tool were
similar both at 10% weight loss/three-month follow-up (-15 with intensive management vs. -13 with
RYGB) and at one-year follow-up (-15 vs. -20). However, scores on Impact of Weight on Quality of
Life, though similar at 10% weight loss/three-month follow-up (-14 with intensive management vs.
-14 with RYGB), were significantly more improved with RYGB at one-year follow-up (-12 with
intensive vs. -34 with RYGB). As expected from previous data, improvement in these scores
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significantly correlated with degree of weight loss (r=0.691; p<0.001), regardless of method of
treatment.

Questions and Answers

Q: With the medical management group, a lot of their weight returned at one year, but they
sustained changes in mental and physical health. How do you account for that?

A: That's interesting. Definitely part of the program involves exercise and diet and lots of education, which
had a residual effect on physical and mental health.

Q: One of the things I've noticed with these surgical patients is that the first year is magic, but
then the second and third year hit and there is regain. Is there any chance you could carry this
study on?

A: Yes, as a matter of fact we are following the patients; the very first patient I believe just finished their three-
year follow-up. So we'll be able to see if long-range success is maintained as well as how the patients'
perception of their health changes.

WEIGHT LOSS IN PRIMARY CARE: 2 YEAR RESULTS OF THE SHINE TELEPHONE DPP
TRANSLATION (3-OR)

Paula Trief, PhD (SUNY Upstate University Hospital, Syracuse, NY)

Dr. Paula Trief presented two-year results from the SHINE trial, a randomized, controlled trial that
examined the efficacy of a Diabetes Prevention Program-based weight loss intervention delivered via
telephone. In the trial, participants with defined metabolic syndrome were randomized to receive the
intervention either individually (n=129; 50.7 mean age; 38.9 kg/m2 BMI) or in a group via conference call
(n=129; 52.7 mean age; 39.7 kg/m2 BMI). While both groups showed similar weight loss at one-year follow-
up (-4.6 kg [-10.1 lbs] solo vs. -5.5 kg [-12.1 lbs] group), only group-treated patients demonstrated continued
weight loss through two-year follow-up (-2.6 kg [-5.7 lbs] solo vs. -6.4 kg [-14.1 lbs] group), with solo-
treated patients exhibiting regain; Dr. Trief posited this may have been due to additional counseling and
accountability/emotional support from peers. Both arms suggest the DPP could effectively been
disseminated by telephone through primary care practices, potentially increasing the reach and decreasing
the cost of the intervention.

▪ SHINE (Support Health Information Nutrition and Exercise) is an overall three- year
randomized, controlled trial of a DPP-based weight loss intervention delivered via
telephone at five primary care sites. The intervention included teaching by a primary educator
as well as supplemental dietary coaches. Participants with defined metabolic syndrome (IDF
criteria) were randomized to receive the intervention either individually (n=129; 50.7 mean age;
38.9 kg/m2 BMI) or in a group via conference call (n=129; 52.7 mean age; 39.7 kg/m2 BMI); no
control was used given the previously demonstrated efficacy of the DPP. Overall, patients were of an
at-risk population, with 36.9% high school graduates and an average annual income <$30,000.

▪ While both groups showed similar weight loss at one-year follow-up (-4.6 kg [-10.1 lbs]
solo vs. -5.5 kg [-12.1 lbs] group), only group-treated patients demonstrated continued
weight loss through two-year follow-up (-2.6 kg [-5.7 lbs] solo vs. -6.4 kg [-14.1 lbs]
group), with solo-treated patients exhibiting regain. This was significant in terms of mean
percent weight loss from baseline, at -6.6% at two-year follow-up in the group- treated patients
versus -3.0% in the solo-treated patients (p=0.01). Waist circumference declined in both groups at
one-year follow-up (-5.0 cm solo vs. -5.7 cm group), though both demonstrated regain by two years
(-1.9 cm vs. -4.4 cm).

▪ Dr. Trief posited that group intervention showed greater success for multiple reasons.
Listening through the recordings from the training sessions, she suggested better advice from peers,
greater acceptance of peer advice, and emotional support/accountability to peers all as possible
reasons, though she noted further analysis would be necessary to determine the possible causes.
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Notably, the group format would likely additionally cut costs to the intervention, in this case
providing increased efficacy as well.

Questions and Answers

Q: The ADA is now also recommending low carbohydrate or Mediterranean diets for weight
loss. Has that been incorporated in this trial?

A: The DPP diet is not really a strict diet; it's more of a healthful diet with increased physical activity, so I
think of it as broadly accessible.

TELEMEDICAL COACHING FOR WEIGHT LOSS - A RANDOMIZED CONTROLLED TRIAL
(7-OR)

Stephan Martin, MD (West-German Centre of Diabetes and Health, Düsseldorf, Germany)

Dr. Stephan Martin presented results from a 12-week study (n=180) examining the effect of telemedicine
with and without telephone coaching on weight loss in overweight patients. Participants were recruited
from an occupational health setting and were randomized to one of three arms: a telemedical coaching
(TMC) group that received a step counter and a scale that automatically uploaded patient information to an
online portal for participant and study staff access, and weekly calls from study staff to discuss their
uploaded information and set weekly targets (n=58); a telemedical (TM) group that received a step counter
and a scale but no weekly calls (n=61); and a control group that received neither device and maintained
their routine care (n=58). Study participants were on average 45 years of age and had an average BMI of
33 kg/m2 at baseline. In the study, 93% of the TMC arm, 90% of the TM arm, and 79% of the control arm
completed the full 12 weeks. Respectively, participants in the TMC, TC, and control arms of the study lost an
average of 3.7 kg (8.1 lbs; p<0.0001), 2.5 kg (5.5 lbs; p<0.0003), and 0.9 kg (2.0 lbs; p=0.1) from baseline.
Only the TMC group exhibited statistically significant weight loss versus control (p<0.001). Participants in
the TMC group also achieved significant improvements in BMI, waist circumference, total cholesterol,
triglycerides, and diastolic and systolic blood pressure, while the TC group saw significant improvements
only in triglycerides and blood pressure. Citing the apparent efficacy of telemedical coaching, Dr. Martin
quipped, "It's good to have a machine, but don't forget you're talking to people."

Questions and Answers

Q: Can you elaborate on what the telemedical coaches were saying?

A: They asked what the person was doing to change with respect to the data they were seeing from the
automatic transfers. It's interesting, because the telemedical coaching team never saw the patients, and vice
versa. It's also interesting that they talked about so many things that would otherwise never get covered in
conversations with a doctor. If we had more motivational training, we wonder whether the weight loss would
increase.

Q: Did it have any effect on patients that the data was automatically sent to you?

A: It's hard to control for this. We should have set one group that doesn't know that the data is being sent. But
overall, I think the combination is very interesting.

Symposium: Obesity Management for the Practicing Clinician

HOW TO MAKE LIFESTYLE INTERVENTIONS EFFECTIVE

Thomas Wadden, PhD (University of Pennsylvania, Philadelphia, PA)

After reviewing the core tenets of lifestyle interventions and the results of the DPP and Look AHEAD trials,
Dr. Thomas Wadden discussed several strategies to make lifestyle interventions more effect. In his review of
the DPP and Look AHEAD studies, he emphasized that intensive lifestyle interventions can be effective not
only at bringing about weight loss, but also in reducing progression to diabetes, complications, and costs,
and in improving quality of life. Dr. Wadden noted that lifestyle interventions with higher intensity
counseling sessions (in terms of frequency of contact), longer duration counseling sessions, and group
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sessions (versus individual sessions) have been demonstrated to be more effective at bringing about weight
loss. Dr. Wadden emphasized that continued patient-interventionist contact and high levels of physical
activity are essential for successful weight maintenance. In addition, Dr. Wadden commented that he
believes telephone-based counseling programs are the way of the future, as their efficacy approaches that of
face-to-face visits. In closing, Dr. Wadden stated, "It is better to have lost and regained, then have never to
lost at all."

▪ Dr. Wadden highlighted a number of efforts to translate principles of the DPP and
Look AHEAD to the real-world setting. A YMCA-based translation of the DPP brought about
6% weight loss over the course of one year; importantly, the cost per participant was greatly reduced
versus the original DPP - $265 versus $1,476 for one year (Marrero, J Diabetes Sci Tech 2009;
Ackermann et al., Am J Prev Med 2008). In a separate study, participation in Weight Watchers was
shown to bring about greater weight loss than usual care (Jebb et al., Lancet 2011). Dr. Wadden
noted that there are now myriad electronically delivered weight-loss interventions available. Though
they are about 1/3 less effective than in-person interventions for weight loss, they also come with
reduced cost (Harvey-Berino et al., Preventive Medicine; Krukowski et al., Obesity 2011). Dr.
Wadden commented that he believes telephone-based counseling programs are the way of the
future, as their efficacy approaches that of face-to-face visits.

Current Issues: Keeping Weight Off-Does Diet Macronutrient Composition Matter? Pros and
Carbs

CON - BENEFIT OF LOW-CARB DIETS DURING WEIGHT LOSS MAINTENANCE

Cara Ebbeling, PhD (Children's Hospital Boston, Boston, MA)

Discussing health benefits for diabetes patients on a very-low carbohydrate diet (defined as 50 grams
carbohydrates per 2000 calorie diet), Dr. Cara Ebbeling remarked that the composition of macronutrients
is important for maintaining weight loss. Dr. Ebbeling commented on both the direct and indirect roles that
macronutrients play, such as metabolic efficiency and hormone regulation, respectively. She provided
results from a feeding study that demonstrated that very-low carbohydrate diets produce better weight-
loss-dependent and weight-loss-independent health outcomes than other diets. Participants ranged in age
from 18-40 with a BMI of at least 27 kg/m2. Compared to individuals on a low-fat diet, individuals on a
very-low carbohydrate diet experienced increased resting and total energy expenditure, decreased leptin,
increased insulin sensitivity, increased HDL-cholesterol levels, and decreased triglyceride levels. She
emphasized that leptin levels have a high association with weight regain - therefore, those on very-low
carbohydrate diets have the advantage of not regaining weight. While Dr. Ebbeling expressed excitement
over these results, she also cautioned that the very-low carb diet also increased urinary free cortisol levels
(Ebbeling et al., JAMA 2012). To end her talk, Dr. Ebbeling switched gears to outline the internal and
external validity of feeding studies, explaining that while controlled servings makes internal validity strong,
external validity is weak because such controls are not found outside the clinic. Dr. Ebbeling emphasized the
need to examine these diets outside of the clinical setting.

PRO - MACRONUTRIENT CONTENT DOESN'T MATTER (MUCH)

Michael Rosenbaum, MD (Columbia University, New York, NY)

Dr. Michael Rosenbaum countered Dr. Cara Ebbeling's argument that very low carbohydrate diets benefit
weight loss maintenance by arguing that low carbohydrate diets are actually more complicated. He
reviewed data to show that while low carbohydrate diets can provoke more weight loss during negative
energy balance periods, there exists very little evidence to indicate that they increase energy expenditure
before or after weight loss. In addition, Dr. Rosenbaum sees no evidence that an individual on this diet
would be more successful at sustaining weight loss. Dr. Rosenbaum then referenced a meta- analysis that
compared fructose to any other carbohydrate and saw no significant difference in weight gain. He then
reminded us that a low carbohydrate diet is also usually a high fat diet. Additionally, he suggested that
although carbohydrate intake affects rates of fat oxidation and circulating insulin concentration, overall
these energy effects are probably small, adding that we burn most of what we eat so that our food quotient
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is equivalent to our respiratory quotient. A very large amount of this macronutrient would be required to
saturate glycogen store, overwhelming their ability to oxidize carbohydrates to induce net lipogenesis (RQ>
1.0). Finally, Dr. Rosenbaum presented data from four different studies to highlight that subjects on a low
carbohydrate diet lose more weight after six months, but after twelve months show greater weight regain
compared with subjects on a low calorie diet. Speaking directly to Dr. Ebbeling's thesis, he noted that study
results from all combinations of diets are inconclusive about the relationship of weight regain to
macronutrient content (Fogelholm et al. Food Nutr Res., 2012). Dr. Rosenbaum argued that current studies
have severe limitations that must be taken into consideration, such as patient compliance in outpatient
studies. He asserted that we cannot attempt to generalize from small studies, especially when it comes to a
trait with large subject variance. He emphasized that additional studies are needed to address differences in
populations and genetic variation, arguing that individualized medicine could help improve our ability to
"predict" the best diet for someone to lose weight and keep it off.

PANEL DISCUSSION

Cara Ebbeling, PhD (Children's Hospital Boston, Boston, MA); Michael Rosenbaum, MD
(Columbia University, New York, NY)

Q: There are studies that tend to show differences in body weight despite transient differences
after a year. To what degree does this tell us that it's all just about compliance and that any diet
will work if we lose weight, or to what degree are these limitations of the study?

Dr. Ebbeling: In these studies, macronutrient composition varied widely and investigators concluded the issue
was adherence to the diet, which is affected by multiple factors, both internal and external. The internal
factors include how insulin might affect hunger or how a person feels. There are also external factors and
there's interplay between those two that cannot be disentangled in these types of behavioral studies. If a low
carbohydrate diet is indeed more metabolically efficient, the environment is not ideal to see that because
there's a lot of confounding going on. But these are important first steps to understanding the metabolism.

Dr. Rosenbaum: I agree. The preservation of body fat stores has an evolutionary basis. We would have
presumably been subjected to under-nutrition and the ability to store extra calories as fat would have been a
genetic survival advantage. The human genome is enriched with genes that favor storing extra calories as fat.
Disrupting that system in just one way will never work. It can works for six months. If you put someone on
Qsymia, they lose weight for six months, and then it stops. Dr. Ebbeling is right, there may be beneficial
effects of macronutrient content on one thing or another.

Q: In Dr. Ebbeling's study, what was the fiber intake of the three diets, did you measure
hunger levels, and were there snacks?

Dr. Ebbeling: The fiber content in the diet was necessarily lower. In terms of hunger, we did measure hunger
but did not see any differences across the three diets. Measuring hunger is a challenge. The way we did it was
to ask people how hungry they were over the day, but people have difficulty doing that. A better way at looking
at that would be to look at voluntary intake over time. We had a breakfast, lunch, and dinner, and then an
evening snack.

Q: In these very low carbohydrate diets, has there been an assessment on how much ketones
are coming out in the urine to determine where the calories are going?

Dr. Rosenbaum: If you ask me that question in one year I will tell you in the answer. There are wonderful
microbiomic studies that are very interesting. We are looking at ketogenic diets and how that affects the
microbiome. There are studies that suggest ketogenic diets promote more weight loss.

Dr. Ebbeling: Our very low carbohydrate diet was not ketogenic. We were feeding carbohydrates at ten
percent of total energy needs, which provided enough carbohydrates to keep people out of ketosis.

Q: How slow or fast does weight loss have to be to cause the counter-regulatory mechanisms to
become evident?
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Dr. Rosembaum: The literature is all over the place, but the meta-analyses don't say that the rate at which you
lose weight is going to predict how you lose weight over time. The system is extraordinarily sensitive.

Q: In daily practice, there are two challenges to getting people to diet: one is getting them on
the diet and the second is keeping them on the diet. Wouldn't it be better to offer more than
one form or kind of diet and let people choose themselves?

Dr. Ebbeling: That could be the case, it's hard to do a RCT that lets people self-select a diet. I think this
individualized medicine we were talking about could have benefits in terms of looking at a phenotype and
matching a person to a particular diet. We will explore whether there is any potential in feeding low
carbohydrate diets to jump-start weight loss and transitioning them to a low glycemic index diet. There's
room for personalization.

Q: In South Florida, I'm seeing a big trend towards high protein diets (40-45 percent of
calories) in a lot of patients with diabetes and I notice trends with renal function. I'm worried
about long term safety. Do you have any comment on long term studies?

Dr. Ebbeling: I think there is reason for concern. I did come across a study that was published last year in a
nephrology journal of over 300 adults with an Atkins type diet and over two years did not see any detrimental
effects of protein intake. That wasn't these ultra high protein diets that you're talking about. It might depend
on what their risk is or previous disease status. I would express some caution.

Symposium: Dietary Sweeteners-Research, Recommendations, and the Real World

METABOLIC EFFECTS OF FRUCTOSE AND DIETARY SUGARS - SHOULD THERE BE A
LIMIT?

Kimber Stanhope, PhD (University of California, Davis, Davis, CA)

Commenting on the controversy surrounding dietary sugar as a risk factor for metabolic disease, Dr.
Kimber Stanhope used the first talk in a symposium on dietary sweeteners to highlight and review
experimental data on the effects of sugar consumption on body weight and fat, lipid metabolism, and insulin
sensitivity. First, Dr. Stanhope examined the metabolic effects of dietary fructose versus glucose. Fructose
has been shown to lead to increases in subcutaneous adipose tissue, significantly increased postprandial
(but not fasting) triglycerides, and increased postprandial levels of atherogenic lipoproteins, whereas
consumption of glucose does not affect these variables. Furthermore, fructose consumption leads to
significant changes in fasting glucose and fasting insulin. Hence, Dr. Stanhope concluded that consumption
of fructose-sweetened beverages at 25% of daily energy intake for 10 weeks increased visceral adiposity,
promoted lipid dysregulation, and decreased insulin sensitivity in overweight and obese older adults. Then
Dr. Stanhope reviewed studies investigating the effects of other commonly-consumed sugars: sucrose and
high fructose corn syrup (HFCS). Studies suggest that both sucrose and HFCS consumption increase
postprandial triglycerides and have adverse effects on insulin sensitivity. The epidemiological data and
experimental evidence led Dr. Stanhope to conclude that consumption of high fructose corn syrup and sugar
sweetened beverages at 25% of daily energy intake and sucrose sweetened beverages at 13% of daily energy
intake increases risk for metabolic disease. Altogether, this led Dr. Stanhope to suggest that sugar
consumption could be a contributing factor to the epidemics of cardiovascular disease and diabetes. Dr.
Stanhope emphasized that we need to start revising the dietary guidelines for Americans now.

Questions and Answers

Q: Provocative studies. Were there any gender-specific differences?

A: Yes. I'm not sure if they will all be significant, it looks like the postprandial triglyceride responses are
always higher in the males than females, but many fasting responses like cholesterol are comparable.

Q: Consumption of fruits is part of the hepatic problem, have you looked at adverse effects of
fruit juice?
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A: That's something I'm interested in. I've seen it go both ways. It is more protective than sugar sweetened
beverages. However, that would be first data I am aware of showing that fruit juice can increase risk factors
comparably to sugar sweetened beverages

Q: The problem is the total calorie intake. In the end, there are a lot of calories in fruit juice.

A: Well, definitely. I want to do a hypocaloric study comparing sugar sweetened beverages and fruit juice.
There is no doubt that weight gain over time has adverse metabolic effects and so controlling for sugar is
important. But even though we have comparable weight gain between fructose and glucose study groups, the
effects of fructose are independent and glucose does not show the same kind of effect.

Q: Did you look at HDL levels?

A: HDL has been the least resistant to change in response to sugars. Another interesting fact that I am looking
at, it does appear that the lower your HDL, the more protected you are against a further lowering by sugar.
People with high HDL might be more susceptible.

Q: (Dr. David Ludwig, Boston Children's Hospital) - I published a three cohort study in the
New England Journal of Medicine looking at the range of major food products. White and
refined grains in potatoes are associated with the greatest amounts of weight gain. High
glycemic loads and carbohydrates are associated with diabetes. Since fructose is much sweeter
than glucose, if we simply remove glucose, may we accomplish anything from a public health
perspective? Furthermore, is there a more important question focusing on all of the refined
carbohydrates?

A: I'm definitely not just focusing just on fructose because our current interest is on fructose and high fructose
corn syrup. We have so many questions to answer about the optimally healthy diet. My studies clearly showed
it's safer to eat white bread than high fructose corn syrup. It certainly does not mean that white bread does
not represent the best diet. It's easy to switch out sugar for white bread, keeping the fiber intake comparable.
For that reason we are looking at white bread, white rice, and white pasta. When we have the definitive
evidence on sugar consumption, there are so many questions to look at. Yes, definitely compared to whole
grain that's a wonderful study to conduct. Of course, there already is data out there suggesting it's much
healthier to eat the whole grain version.

NONNUTRITIVE SWEETENERS - CURRENT USE AND HEALTH PERSPECTIVES

Christopher D. Gardner, PhD (Stanford University, Stanford, CA)

Dr. Christopher Gardner presented data from a 2012 review study he headed about the effects of non-
nutritive, or artificial sweetener, consumption in diet sodas and "sugar-free" processed foods (Gardner et
al., Diabetes Care 2012). His takeaway was that the current literature is very inconclusive. His review
focused primarily on prospective cohort studies, experimental trials and other reviews. Notably, his review
did not address safety. He concluded that there are insufficient data to determine conclusively whether
using non-nutritive sweeteners (NNS) to displace caloric sweeteners in beverages and foods reduces added
sugar or carbohydrate intake, or benefits appetite, energy balance, body weight, and cardiometabolic risk
factors. Researchers investigated whether nonnutritive sweeteners stimulate appetite and promote weight
gain through certain mechanisms such as cephalic phase stimulation, increased palatability, or
overcompensation, but found that none of the mechanisms were supported by their findings - in fact, several
of them were refuted. Non-nutritive sugar can be used to help promote sugar and energy reduction with the
caveat that patients should avoid compensatory eating. For example, when controlling for overconsumption
by self-monitoring, limiting obese patients to 2500 kcal/day while using aspartame (net energy deficit of
220 kcal/day), there was an average of 0.2 kg/week weight loss (-2.3 kg total over a 12 week trial). Dr.
Gardner suggested that one potential reason for the mixed results is that some people may "successfully" use
nonnutritive sweeteners while others use them unsuccessfully, unconsciously negating their attempts to be
healthy. To conclude, Dr. Gardner cautioned, while physicians can promote non-nutritive sweetener at their
discretion - most of the food products that are "sugar free" ultimately are not healthy foods.

Questions and Answers
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Q: Yesterday there was a talk about a saccharin dose response that lead to hyperinsulinemia,
did you look at that?

A: Unfortunately, if it was a cell or animal study we didn't review it but we need more studies like that with
just two comparatives - water and saccharin. I will try to look up that paper.

REGULATING CONSUMER BEHAVIOR - A SWEET SUCCESS WITH SODA?

Y. Claire Wang, MD (Columbia University, New York, NY)

Dr. Claire Wang explained the market rationale for implementing a tax on sugar-sweetened beverages
(SSBs). SSBs are associated with an 83% increased risk of developing type 2 diabetes, high glycemic load,
and beta cell dysfunction. Dr. Wang argued that a "penny per ounce" tax would curb consumption by 15%
while generating tax revenue. As one of the few areas with a clear negative impact on the health outcomes
of the population, Dr. Wang posited that taxation could be used to positively modify behaviors of
consumers, decrease disease prevalence, and prevent cardiovascular events. A tax on SSBs is further
justified by the relatively small change in price for SSBs compared to other foods and beverages over time -
while healthy foods rise with inflation to cost more, the price on SSBs remain static. Although a SSB tax
seems promising, Dr. Wang expressed that the negative pushback from the SSB industry has been a serious
obstacle toward the adoption of a soda tax in New York City. Worse still, halting implementation of the NYC
policy hurts efforts to pass similar laws across the country. While there are barriers to passing pro-health
policies, we continue to support the notion of taxation on SSBs, and hope to see more successful examples
moving forward.

▪ SSBs are one of the few areas in which the evidence base suggests a strong tie to
weight gain in adults and growing children. The growing trend of obesity and overweight
individuals in the United States can be attributed partially to SSBs. Not including diet drinks, the
average American consumes approximately 46 gallons per year of SSBs, making them an ideal target
for lifestyle intervention to decrease obesity incidence.

▪ A "penny per ounce" model of taxation is superior to an SSB sales tax. Dr. Wang
emphasized an important distinction between a non-sales tax and a sales tax for their effect on
consumer behavior. Since a sales tax is taken as a percentage of the base price at checkout,
consumers already have made a decision to purchase the item. An excise tax would be applied to the
manufacturer, which would raise the shelf price, influencing consumer behavior. Using the "penny
per ounce" model, SSB prices would increase by 22%, causing a 15% reduction in intake. With this
reduction in intake, Dr. Wang predicts that over ten years, diabetes incidence would lower by 2.6%,
with 95,000 fewer heart attacks, 8,000 fewer strokes, and 26,000 fewer premature deaths.
Additionally, it would save approximately $17 billion in health care costs in addition to the $13
billion per year in tax revenue. That being said, there is uncertainty as to whether or not this policy
would create a substitution effect in which consumers shift to a different beverage.

▪ Due to industry response, passing legislation to curb SSB consumption has been
difficult. The SSB industry has fought back against taxes, arguing that these policies will cause job
losses, promote the "nanny state," and hurt the poor. Additionally, the use of the tax revenue plays
an important role in popular support, with 48% of those polled in a California survey supporting a
tax if the revenue went towards physical education supplies in public schools.

Questions and Answers

Q: Do you know of any information in terms of posting total calories per meal, some
restaurant chains do that like Au Bon Pain?

A: Yes, menu labeling in required for restaurants with more than 20 locations. But the evidence is pretty
mixed. Some papers show some reduction in the range of 50 calories when eating at these restaurants Some
studies show no impact over time. One group actually found an increase in calories, especially for young
males.
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Q: The Danish fat tax was repealed after one year for being ineffective, how would this affect
your strategy?

A: I was in Denmark two weeks ago. Because the tax on saturated fats was not popular, people would just go
outside the border to purchase their desired goods. I think sugar is a better target; it is better to influence
behavior when targeting at the product level as opposed to the ingredient level. However the ingredient level
can push industry reform as opposed to products. I think that they will reform eventually.

SUROSE AND HIGH FRUCTOSE CORN SYRUP - EFFECTS ON OBESITY, DIABETES RISK,
AND FATTTY LIVER DISEASE IN CHILDREN

Michael Goran, MD (University of Southern California, Los Angeles, CA)

Dr. Michael Goran argued that sugar-sweetened beverages increase the risk for Non-Alcoholic Fatty Liver
Disease (NAFLD) in children. Upon genetic analysis, a single nucleotide polymorphism in the PNPLA3 gene
(found in 50% of the Hispanic population) was linked to increased incidence of higher liver fat, which
ultimately resulted in NAFLD. However, vegetable consumption was found to have the opposite effect,
protecting children from heightened liver fat.

Obesity Pathophysiology, Comorbidities, and Epidemiology

Special Lectures and Addresses: Kelly West Award for Outstanding Achievement in
Epidemiology Lecture (Supported by Merck)

CENTRAL OBESITY - CAUSE OR CORRELATE IN TYPE 2 DIABETES AND THE METABOLIC
SYNDROME?

Edward Boyko, MD (University of Washington, Seattle, WA)

Dr. Edward Boyko discussed the current evidence surrounding the role of visceral adiposity in the
pathogenesis of type 2 diabetes and the metabolic syndrome. Dr. Boyko began his talk by noting that the
risk for diabetes in the US is increased in many ethnic groups in comparison to Caucasians. Further, while
diabetes prevalence rates generally correspond with the prevalence of obesity in many countries, select
countries (including India, Japan, and Singapore) show markedly elevated rates of diabetes relative to their
national obesity prevalence rates (defined as BMI > 30 kg/m2). To help understand the basis of these
findings, Dr. Boyko reviewed evidence from a number of studies that demonstrated inconsistency between
currently used measures of adiposity and degree of visceral fat adiposity between different ethnic groups.
For example, a body fat of 34.9% was shown to be equivalent on average to a BMI of 25 kg/m2 in Caucasian
women, but a BMI of 27.0 kg/m2 in Pacific Islander women and 20.3 kg/m2 in women from India.
Similarly, for a given waist circumference, Japanese men possessed elevated stores of adipose tissue on
average vs. Caucasian men. Given findings of differential adipose stores per given BMI measurement
among different ethnic groups, Dr. Boyko discussed data from the Japanese American Community Diabetes
Study, which examined the risk for diabetes, hypertension, insulin resistance, metabolic syndrome, and IGT
associated with various measures of body adipose stores. For each of the above conditions, 10-year risk was
only predicted by visceral fat area or five-year change in visceral fat area. Subcutaneous fat area and waist
circumference were not associated with increased risk. Despite these results, evidence suggests that visceral
adiposity does not entirely explain ethnic differences in risk for diabetes. In particular, a multivariate
analysis failed to eliminate the increased risk for diabetes observed in Filipino and African American
women vs. Caucasian women after controlling for visceral fat stores. In conclusion, Dr. Boyko argued that
visceral adiposity might represent a potential cause for type 2 diabetes and the metabolic syndrome and
could help explain ethnic risk differences, but that more research was needed.

Oral Sessions: Obesity-Related and Other Novel Predictors of Diabetes

THE EFFECTS OF WEIGHT LOSS ON ESTIMATED CVD RISK IN OBESE ADULTS WITH AND
WITHOUT DIABETES (79-OR)

Hsin-Chieh Yeh, PhD (Johns Hopkins University, Baltimore, MD)
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Though obesity is known to be strongly associated with an increased risk of diabetes and cardiovascular
disease, the benefit of weight loss on cardiovascular disease risk remains unclear. Dr. Hsin-Chieh Yeh
conducted an observational analysis on data from the POWER trial (a 24-month behavioral weight loss
trial; Appel et al., NEJM 2011), estimating the effect of weight loss over six and 24 months on 10-year
cardiovascular risk using the Framingham Risk Score (FRS). In adults with and without diabetes, at both
six and 24 months there was a direct, significant dose-response relationship between the magnitude of
weight loss and CVD risk reduction. This finding was consistent with previous studies demonstrating that
obese individuals should be encouraged to lose at least 5% of their body weight to reduce cardiovascular
disease risk. Dr. Yeh noted that Healthways, Inc. is developing a commercial weight loss program based on
the results of the POWER trial.

▪ Analysis was stratified by baseline diabetes status and weight change. Individuals in the
analysis were grouped by weight change (>2% gain, <2% loss/ gain, 2-5% loss, 5-10% loss, and >10%
loss), not by treatment arm as in the POWER trial. Mean weight change was between 4.3 kg and 4.6
kg (9.5 lbs and 10.1 lbs).

▪ There were 317 individuals without diabetes and 98 individuals with diabetes included
in the study. Individuals without diabetes in the study were 53.4 ± 10.2 years-old and weighed
103.3 ± 17.9 kg (227.7 ± 39.5 lbs) on average, were 37.2% male, 40.1% black, and had median
10-year cardiovascular risk of 6.8%. Individuals with diabetes in the study were 56.1 ± 9.7 years-old
and weighed 105.5 ± 18.0 kg (232.5 ± 39.7 lbs) on average, were 33.7% male, 43.9% black, and had
median 10-year cardiovascular risk of 13.1%. Diversity in terms of diabetes status and race, as well as
high follow-up rate (94.5%), were highlighted as strengths of the study.

▪ A significant dose-response relationship between the magnitude of weight loss and
cardiovascular disease risk reduction was observed at both six and 24 months among
individuals with and without diabetes. Among individuals without diabetes, at six months, the
relative risk ratio of cardiovascular disease was 0.89 per 5% weight loss at six months and 0.94 at 24
months. Among individuals with diabetes, at six months, the relative risk ratio was per 5% weight
loss at six months and 0.94 at 24 months. However, relative risk ratio confidence intervals were
slightly larger among individuals with diabetes.

▪ Dr. Yeh noted some limitations to using Framingham Risk Equations. Absolute risk can
be over- or under-estimated, and calculations include HDL and total cholesterol, but not LDL. Dr.
Yeh also considered the potential for residual confounding.

Questions and Answers

Q: Do the weight loss categories correlate with clinical considerations?

A: In the current guidelines, we encourage people to lose at least 5% of their weight, and several previous
studies show that if you lose more than 10% of your weight there is an even more substantial benefit. The
other categories were based on the data distribution, as well as a previous paper in the LOOK AHEAD trial
using the same categories. We wanted our data to be comparable with previous data.

Q: Can you talk about the distribution of participants across weight change categories?

A: I don't have the data with me, but I remember that in the no diabetes group, most of the people are in the
stable group and the other groups are evenly distributed. In both groups of people with and without diabetes,
the stable group is the largest group.

COMPARISON OF SIGNIFICANCE OF BODY WEIGHT (BW) CHANGE ASSOCIATED WITH
SUBSEQUENT TYPE 2 DIABETES (T2DM) RISK IN DIFFERENT PERIODS OF ADULTHOOD A
META-ANALYSIS (81-OR)

Satoru Kodama, MD (University of Tsukuba, Tsukuba, Japan)

Body weight (BW) gain, not just obesity, is a well-established predictor of developing type 2 diabetes. Dr.
Satoru Kodama sought to quantify the association between the magnitude and period of BW gain and
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subsequent risk of diabetes. The meta-analysis electronic literature search identified cohort studies (15 total)
that examined the relationship between BW change and type 2 diabetes. All participants were greater than
25 years of age and were categorized by two phases of BW gain: either early adulthood (18-24 years), or
middle adulthood. The pooled relative risk was 3.07 (95% CI: 2.49-3.79) for early weight gainers vs. 2.12
(95% CI: 1.74-2.58) for those who gained weight in middle-to-late adulthood. Study results showed that
early weight gain had a larger magnitude of type 2 diabetes risk than late weight gain and BMI at cohort
entry, indicating that weight gain during early adulthood plays a more influential role in developing type 2
diabetes than weight gain later in life. Dr. Kodama speculated that the difference in risk depending on the
phase of weight gain might be attributed to the 'obesity duration hypothesis,' which postulates that the
longer the exposure to obesity, the higher the diabetes risk. Moreover, a stronger association between early
weight gain and type 2 diabetes risk was observed in males than females. According to Dr. Kodama, this
gender distinction is perhaps due to the finding that androgen receptors are more abundantly found into the
abdominal rather than the subcutaneous fat. Older men and menopausal women are prone to 'apple-shaped
obesity,' which can be a sign of insulin resistance, whereas younger women are more susceptible to 'pear-
shaped obesity.' Lastly, a stronger association with type 2 diabetes risk was observed in studies targeted at
white-dominant populations vs. studies focused on non-white populations, perhaps because of differences in
background genetic factors between the two groups. Overall, BMI gain in adulthood was found to be a
quantifiable predictor of type 2 diabetes.

TRENDS IN ALL-CAUSE MORTALITY IN MID-LIFE OVER FOUR DECADES: EFFECT OF
ADOLESCENT BODY-MASS INDEX (82-OR)

Gilad Twig, MD (Sheba Medical Center, Tel-Hashomer, Israel)

While obesity is known to be a risk factor for cardiovascular mortality, most studies have investigated only
middle-aged or elderly subjects, leaving the relationship between BMI at adolescence and midlife mortality
unclear. Dr. Gilad Twig's study utilized the medical database of the Israeli Defense Forces to identify 15,489
males and 3,061 females who were medically eligible for military service and had all- cause mortality by 50
years of age. Midlife mortality was selected as the focus because mortality distributions among different
age groups indicate that older individuals have benefited from a decrease in cardiovascular (CV) mortality
while the young have not. Rather, Dr. Twig demonstrated an increase in the rate of CV-related death among
youth. The overall prevalence of overweight and obesity within the sample was 11.7%. In comparison to the
morality rates found in the 25th-50th percentiles of BMI, all- cause mortality increased continuously across
the BMI range. Adjusting for factors confounding mortality (such as age, SES, and birth year)
demonstrated a significant increase in mid-life mortality for BMI at adolescence greater than the 50th
percentile (BMI>20.55 kg/m2) for men and 85th percentile (BMI>24.78 kg/m2) for women. This finding
strongly suggests that even normal BMI at adolescence is a risk factor for all-cause mortality at mid-life.
Furthermore, being born in Israel at a later decade in the last 40 years is associated with improved survival
and a decreased hazard ratio for mortality in all groups, with the exception of those who were obese and
overweight adolescents. Dr. Twig was alarmed by these findings and warned that pre-adulthood obesity is
predicted to attenuate the progressive increase in life expectancy. According to Dr. Twig, more sensitive
measures are needed to identify at- risk adolescents who would benefit from earlier medical diagnosis and
intervention.

Questions and Answers

Q: Did you ask about suicide and depression? Obesity is associated with a high risk of
depression.

A: One of the limitations of this study, with the exception of deaths during war, is that we don't know the exact
cause of death during follow up so it is hard for me to answer this question. I can only show you all- cause
mortality, not anything specific to suicides.

Q: You excluded those between the ages of 16 and 20 who were medically unfit and not eligible
for military service. Do you know if that influenced the results?

A: We included them in some later analyses and it didn't change the results.
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DIFFERENT PATTERNS OF OBESITY DEVELOPMENT ARE RELATED TO DIFFERENT
MECHANISMS OF T2D (80-OR)

Dorte Vistisen, PhD (Denmark Steno Diabetes Center, Gentofte, Denmark)

Dr. Dorte Vistisen demonstrated findings drawn from three subgroups with very different obesity
development and disease history to challenge our current "one size fits all" risk prediction models for obesity
and type 2 diabetes. 695 individuals who developed type 2 diabetes during the Whitehall II study were
classified into one of three groups based on distinct patterns of obesity development before diagnosis: stable
overweight (n=604); progressive weight gainers (n=15); and persistently obese (n=26). For each identified
obesity group, trajectories of insulin resistance and beta cell function were estimated from the first clinical
visit up to the time of diagnosis (year 0). Dr. Vistisen found that trajectories of diabetes-associated cardio-
metabolic risk factors varied greatly among individuals with different BMI trends. Stable overweight
individuals exhibited fairly consistent insulin resistance with a slight increase the 4-5 years preceding
diagnosis, while their beta cell function was low with a gradual decrease the decade before diagnosis.
Progressive weight gainers had a steep increase in glucose and insulin resistance in the last few years
leading up to diagnosis, but their beta cell function was relatively consistent over time. Insulin resistance in
the persistently obese group escalated 10-18 years before diagnosis, plateaued for a long duration of time,
and then heightened again prior to diagnosis. Interestingly, this group aligned with the classical pattern of
beta cell compensation, in which beta cell function peaked about 10 years before diagnosis and then sharply
dropped towards diagnosis, in spite of consistent (unfluctuating) insulin resistance. While we expected
stable overweight individuals to have the lowest levels of calculated diabetes risk throughout follow up, it
was surprising to us that progressive weight gainers (despite more rapid increases in their insulin
resistance) maintained lower risk than the persistently obese. Contrary to what we usually believe of
obesity and diabetes, over 9% of individuals who were eventually diagnosed had stable BMI levels
throughout follow up. Dr. Vistisen interpreted the findings to mean that we should strive to achieve a
healthy body weight in all populations, not just those clinically classified as obese, especially given the
heterogeneity of diabetes development. In order to effectively study disease pathways, Dr. Vistisen argued
that we must move away from static, pre-defined cut-points and progress toward a more dynamic
assessment that focuses on the interplay between diabetes risk factors.

Questions and Answers

Q: You identified the three populations. Do you have any other thoughts or speculations on
how those with fluctuations of obesity manifest insulin resistance?

A: If you look at insulin resistance, that was following the theory of most normal obesity patterns. It was
surprising that low-grade inflammation did not follow patterns of those who are persistently obese.

Symposium: Bugs Inside and Out

GENETIC LINKS BETWEEN OBESITY AND THE MICROBIOME

Aldons Lusis, PhD (University of California Los Angeles David Geffen School of Medicine, Los
Angeles, CA)

Dr. Aldons Lusis shared the results of a recent study published by his research group that examined genetic
control of obesity and gut microbial composition in response to a high-fat, high-sucrose diet in mice. More
than 100 strains of genetically unique mice were given high fat and high sucrose diets for eight weeks. The
mice were monitored for their response to the diet through a genome-wide association study (GWAS) of
obesity traits and an analysis of their gut microbe profile. The GWAS analysis identified 11 genetic loci for
obesity traits, as well as strain-specific responses to the high fat, high fructose diet. In addition, the gut
microbial profile found changes that were specific to certain strains in response to the diet. If these findings
can be explored in human studies, they can potentially establish the role of genetics in the gut microbial
profile, as well as variations in response to different diets.
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MICROBIOME AND METABOLISM

Gary Wu, MD (University of Pennsylvania, Philadelphia, PA)

Dr. Gary Wu argued that disruption to the gut microbiome can and does influence and antagonize disease.
The human gut microbiome includes trillions of bacterial cells that live in symbiosis with their host. Given
the large number of benefits humans receive from microbiota (fermentation of indigestibles,
biotransformation of conjugated bile acids, training the immune systems, etc.), it follows that manipulating
the microbiome could have effects on host disease and condition. Indeed, there is an association of gut
microbiota with diseases such as diabetes, atherosclerosis, asthma, colon cancer, and Irritable Bowel
Syndrome. Pathogenesis currently associated with gut bacteria commonly involve genetic and
environmental factors, inflammation, increased incidence over past decades, and an association with more
industrialized nations. Receptors on the surface and in the cytosol of human cells allow recognition of
microbial products, suggesting potential mechanisms for their action. These pathways, however, can be
influenced by dietary factors that elicit an immune response and exacerbate metabolic and inflammatory
diseases. Dr. Wu called recent fecal transplantation experiments "wildly successful," though also cautioned
that the findings have yet to be translated to humans. For our recent coverage of gut microbiota transplant

work from Dr. Lee Kaplan's group, see our Closer Look at http://close.cx/KaplanRYGBmicrobiota.

Questions and Answers

Q: Is there a special bacterium that stimulates TLR5 (toll-like receptor 5)?

A: There is work on TLR5, yes. It could impact many downstream inflammatory processes, which may target
the beta cell. But I don't have very specific knowledge.

Q: You mentioned colitis, which I will interpret as in part autoimmune in the way it's created.
Just to ask a question, one of the big diseases we try to talk about and understand is type 1
diabetes. Is there any data between the microbiome and development of type 1 diabetes?

A: Yes. In animal models, there are complicated schemes. But they do show that it does influence the
development of type 1 diabetes and insulitis. There's not much evidence, but it is proof of concept that it could
have great potential. I'm not in the diabetes field, I can't think of a human experiment.

Symposium: Metabolically Healthy Obesity (MHO) and Metabolically Obese Normal Weight
(MONW)-New Insights and Advances. Does Exercise Provide Additional Benefits to
Cardiometabolic Risk following Bariatric Surgery?

IMPLICATIONS OF MHO AND MONW ON DEVELOPMENT OF DIABETES AND MORTALITY

Merced Carnethon, PhD (Feinberg School of Medicine, Northwestern University, Chicago, IL)

In this talk, Dr. Mercedes Carnethon considered what the epidemiology of metabolically healthy obese
(MHO) and metabolically obese normal weight (MONW) patients can tell us about mortality, diabetes
incidence, and the relationship between normal weight diabetes and mortality. If metabolic risk factors are
driving mortality, then MHO should have lower mortality than obese with risk factors. However, if obesity
is driving mortality, then MONW should have lower mortality than MHO. Dr. Carnethon showed her in-
progress research, demonstrating that the prevalence of MONW across six cohort studies (n=41,183) was
8.8% (n=3,640). Among this same set of cohorts, 12% of patients with diabetes were of normal weight.
Regardless of what definition is used for either MONW or MHO, the prevalence of both is low. To Dr.
Carnethon, this warrants further studies that can identify non-traditional contributors such as genes, health
behaviors, sociodemographic characteristics, and the environment. In the Healthy Survey for England and
Scottish Health Study (n=22,203 with seven year follow-up), no difference in cardiovascular mortality was
found between MHO and healthy normal weight, while an elevated mortality was found for MONW. These
findings were complicated by data from NHANES III (n=6,011 with 8.7 years follow-up), which showed
MHO to have elevated all-cause mortality against normal weight. Still further complicating the MHO/
MONW hypothesis is that MHO may present an intermediate health risk profile, reflective of an early stage
of obesity-related disease progression. In making the link to diabetes, Dr. Carnethon showed data from the
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Framingham Offspring Participants (n=2,902 followed for 6.8 years) and the West Adelaide Health Study
(n=3,743 followed for 4 years) to show that MHO were more likely than MONW to develop diabetes.
Ultimately, Dr. Carnethon ended by underscoring the mixed evidence as a reason for more research into the
complexities of diabetes subtypes.

▪ Obesity varies between traditional, MHO and MONW subtypes. In traditional obesity, the
patient has an "at risk" BMI, elevated fat mass, and a cluster of metabolic abnormalities. In MHO,
the patient has a high BMI and fat mass, but normal blood pressure, lipids, and glucose. In MONW,
patients are of normal weight, but exhibit high fat mass and a cluster of metabolic abnormalities.

▪ NHANES 2009-2010 data suggest the estimated prevalence of MONW at 5-20% of the
normal weight category, which currently accounts for 25% of the US population.
Though this prevalence seems high, it is important to note that the criterion for MONW has changed
to be more inclusive (one contemporary definition is met by having at least one metabolic risk factor
of the ATP III metabolic syndrome criteria). Indeed, NHANES III demonstrated that over 40% of
adults between 50-64 years of age and over 50% of adults over 65 years have at least two metabolic
abnormalities at a BMI <25 kg/m2. The most common combinations include blood pressure/high
glucose and high triglycerides/low HDL cholesterol.

▪ NHANES 2009-2010 data suggest the estimated prevalence of MHO at 10-25% of the
obese and extreme obese weight categories. NHANES III data show the prevalence of MHO
phenotype to be over 30% for adults over 20 years of age. Nearly half of adults aged 20-34, 30% of
adults aged 35-49, and 20% of adults 50-64% are defined as MHO with a BMI > 30 kg/m2 and one
or zero metabolic abnormalities (Wildman et al., Arch Intern Med 2008).

▪ Factors associated with MONW include: older age, non-white race (Dr. Carnethon indicated
this could be due to differences in body composition and the relationship between body composition
and insulin action), less education (which is correlated with non-white race), cigarette smoking
(which is correlated with impaired insulin action and central fat deposition), physical inactivity and
low fitness, early life weight gain, and a family history of metabolic disease.

▪ Factors associated with MHO include: younger age, non-Hispanic black race in men, higher
levels of leisure time physical activity, and moderate alcohol intake. The West Adelaide Health Study
of Australia also found cigarette smoking and socioeconomic disadvantage to be correlated with
MHO (Appleton et al., Diabetes Care 2013).

Anti-Obesity Treatment Selection

Symposium: Obesity Management for the Practicing Clinician

GRADING OBESITY AND SELECTING APPROPRIATE PATIENTS FOR INTERVENTION

Caroline Apovian, MD (Boston University School of Medicine, Boston, MA)

Dr. Caroline Apovian discussed methods of grading obesity and selecting appropriate patients for
intervention, advocating for a shift from using a BMI-centric approach to a complications-centric
approach. In particular, she highlighted the usefulness of complications-centric clinical staging paradigms
such as the Edmonton Obesity Staging System (EOSS) and the Cardiometabolic Disease Staging (CDMS)
system in identifying appropriate patients for treatment.

▪ Dr. Apovian highlighted several examples of how using a BMI-centric approach to
grade obesity have limitations in characterizing cardiometabolic risk. In one study, it
was shown that BMI only explains 11% of individual variability in insulin sensitivity (Garvey et al.,
Diabetes 2003). In a separate study, insulin resistance was demonstrated to be a more important
contributor than BMI to cardiovascular risk (Kip et al., Circulation 2004) - most normoglycemic
overweight and obese individuals had higher survival than normal weight, dysmetabolic patients.
Finally, in a comparison of two patients with a BMI of 45 kg/m2, one had rather benign looking fat
tissue, while the other had inflammation in his fat tissue (Kloting et al., Am J Phys Endoc Metab
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2010) - this example demonstrates that people with the same BMI can have significantly different
cardiometabolic risk profiles.

▪ She outlined the rationale for a complications-centric approach versus a BMI- centric
approach: 1) it is not safe or fiscally feasible to treat everyone with medications or surgery, as
nearly 70% of the US population is overweight or obese; 2) up to 30% of obese patients are
metabolically healthy, and are not at increased risk of diabetes and cardiovascular disease; 3) a
complications-centric model emphasizes medical rather than cosmetic outcomes; 4) 10% weight loss
is sufficient to improve obesity-related complications; and 5) medical and surgical interventions
provide the best outcomes in obese patients with complications - the optimal benefit/risk profile
occurs when weight loss is used as a tool to treat the complications of obesity. Dr. Apovian noted
that the AACE Comprehensive Diabetes Management Algorithm (Garber et al., Endocrine Practice
2013) recommends a complications-centric model for the care of overweight and obese patients,
taking into account both cardiometabolic and biomechanical complications. She emphasized that
biomechanical complications are still important to address, as they could lead functional disability.

▪ Subsequently, Dr. Apovian discussed a number of approaches for staging
cardiometabolic disease risk in obesity: clinically identifiable risk states, indices, commercial
diagnostic products, and clinical staging paradigms. Though she commented that prediabetes and
metabolic syndrome as clinically identifiable risk states have been very helpful for staging
cardiometabolic risk, she emphasized that we need to figure out how to identify risk even before
patients have reached these states, using tools such as complications-centric clinical staging
paradigms.

▪ Dr. Apovian reviewed two currently complications-centric clinical staging paradigms -
the Edmonton Obesity Staging System (EOSS), and Cardiometabolic Disease Staging
(CMDS). She commented that she likes the EOSS because it takes into account medical, mental,
and functional complications; however, one potential downside of the system is that characterizing
mental and functional complications can be somewhat subjective. She noted that the EOSS predicts
mortality in NHANES III better than BMI (Padwal et al., CMAJ 2011). Meanwhile, the CMDS is a
little narrower in scope, as it only focuses on cardiometabolic complications. In the CARDIA study,
survival probability showed separation with increasing CMDS risk stage (Guo et al., AACE 2013).

Questions and Answers

Q: Some of these staging systems look a little complicated. Are there online versions available?

A: Yes, all the staging systems have online versions. The EOSS has an online version, and you can also order
packets showing you how to use it. Just like we have BMI wheels, they have EOSS squares. If you have 5-10
minutes with your patient, this might be a good tool for you to quickly assess risk.

Q: In the Edmonton Obesity Staging System, what percentage of Stage 0 patients stay Stage 0
forever? How many progress onward to Stage 1 or 2?

A: If you look at patients with BMI of 30 or above, about 30% are going to stay insulin sensitive. However, in
the higher BMIs, you see a lot of psychological and functional impairments. Functional impairments are going
to occur as the BMI increases. So, even if people stay insulin sensitive, you will see movement due to
psychological and functional impairment.

Q: With two people who have the same BMI, how would you clinically differentiate one who
has metabolically active obesity from one who has metabolically inactive obesity?

A: Many of them can be differentiated based on blood work. What we're trying to do is identify those patients
before cardiometabolic risk parameters start to go up, before we see insulin resistance, before blood pressure
goes up. That's what we're looking at now and hoping for. The research isn't yet out showing whether we can
do a subcutaneous fat biopsy. If we could do a tiny aspiration and check to see if there is inflammation, that
would be nice. We're not there yet. We need to first correlate it with what happens in the future. We need to
make sure that a subcutaneous biopsy correlates well with visceral fat. There's a lot of suggestion that
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subcutaneous fat is actually protective, and that it's those who can't store a lot of subcutaneous fat and have to
store it viscerally who develop disease.

Healthcare Delivery, Lifestyle, and Prevention

Special Lectures and Addresses

PRESIDENT, MEDICINE, & SCIENCE ADDRESS: THE EPIDEMIC - ARE WE READY TO MEET
THE CHALLENGE?

John Anderson, MD (The First Clinic, Nashville, TN)

After opening with a personal narrative on the struggle of caring for patients with diabetes in a primary
care setting, Dr. John Anderson delivered a fantastic address on the disparity between the growing diabetes
epidemic and the number of practitioners who deliver diabetes care. Primary care physicians work with the
majority of people with diabetes in the country. Unfortunately, their numbers are declining and medical
students and residents are entering general medicine at lower rates. Dr. Anderson argued that this loss of
practitioners will negatively impact diabetes care as the epidemic grows. He also expressed concern at the
fact that the US also has too few endocrinologists to meet an ever-increasing demand. He concluded with a
series of recommendations to address this problem, including graduate medical education reform,
reimbursement reform, lobbying, and the new Pathway to Stop Diabetes program.

▪ Although primary care providers deliver approximately 90% of diabetes care, the
number of primary care physicians is declining and fewer students are entering
general internal medicine. Dr. Anderson noted that 21% of primary care physicians boarded in
the 1990s are now leaving practice, compared to 5% of those in a subspecialty. In 1998, 54% of third
year internal medicine residents expressed plans to enter general medicine, but only 11 years later
that has dropped to 21%, with many choosing to go to a hospitalist or subspecialty career. Dr.
Anderson pointed to the average medical school debt of $133,000 ($150,000 when excluding those
with no debt) and the heavier workload as possible reasons for these career decisions. Dr. Anderson
argued that the lesser number of people entering general medicine will negatively impact diabetes
care going forwards. He also expressed alarm at the number of nurse practitioners and physician
assistants who have moved into more lucrative specialties as well, eroding a substantial source of
diabetes care.

▪ Additionally, Dr. Anderson expressed concern at the disparity between the number of
adult endocrinologists and the burden of diabetes in the country. He noted the demand is
expected to exceed supply by 15% by 2019, and assuming a completely perfect geographic
distribution, there is still only one endocrinologist for every 400,000 people with diabetes.
Additionally, there has been only a 35% increase in the number of first year endocrinology
fellowship slots since 2002, although the percent of people with diabetes has increased by nearly
double that rate.

▪ Dr. Anderson concluded with a series of recommendations to address the need for
more general practitioners, endocrinologists, and diabetes research. He proposed
graduate medical education reform that would increase funding for training primary care residents
and expand loan repayment options. He also argued for reimbursement reform that would focus on
value-based incentives, enhance reimbursement for non-procedural specialties, and expand nurse
practitioner prescribing capabilities. Additionally, he encouraged lobbying efforts aimed at
increasing funding for diabetes research, as NIH funding per affected person is currently only $41.71
for diabetes compared to $2,549.17 for HIV/AIDS research. Finally, Dr. Anderson announced the
launch of the Pathway to Stop Diabetes Program. This program aims to make a career commitment
to diabetes research an attractive and rewarding prospect for young scientists by identifying
promising individuals and supporting them through grants and mentorship.
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OUTSTANDING EDUCATOR IN DIABETES AWARD LECTURE: DIABETES PREVENTION AND
MANAGEMENT - THE THRILL IS NOT GONE (SUPPORTED BY LILLY)

Ann Albright, PhD (CDC, Atlanta, GA)

Movingly dedicated to Dr. Richard Rubin and her mother, Dr. Ann Albright's impassioned speech
commended the progress of self-management education, emerging recognition of psychosocial concerns,
and the growth of the National Diabetes Prevention Program (National DPP). Playing off her message that
the diabetes community needs to have fun while advancing education and prevention, she punctuated her
presentation with music ranging from Seal to Buddy Guy and had the audience clapping along and dancing
in their seats. Noting that while "it is a thrilling time to be working in diabetes," she cautioned that
managing and preventing diabetes is an ongoing process that will need to involve advocacy, partnerships,
and education. Specifically, she pointed to the significant disparities that still exist between income brackets
at the family and community levels, such as the higher percentage of income spent on treatment in low-
income families compared to high-income families. Dr. Albright noted that general acknowledgement that
diabetes is experienced beyond the individual is only the first step - now the community has the "awesome
responsibility to address social determinants of health… one we cannot shy away from." Looking forward,
she believes this multi-target approach will involve investment in community development, expansion of the
National DPP, further development of virtual support systems, and the implementation of learning from the
Natural Experiments in Translation for Diabetes (NEXT-D). Dr. Albright called for attendees to refuse to
settle for "fragmented efforts that will never bring intervention to scale" and to work together on research,
implementation, and availability. As she herself declared, "I believe we can succeed. We must succeed.
People are counting on us."

PRESIDENT, HEALTH CARE & EDUCATION ADDRESS: IMPROVING THE LIVES OF ALL
PEOPLE WITH DIABETES: WHAT CAN YOU DO TO STOP DIABETES?

Lurelean Gaines, RN, MSN (East Los Angeles College; President of Health Care and Education
at American Diabetes Association (ADA), Los Angeles, CA)

Ms. Lurelean Gaines began by stating she has made an impact, her way, through her choice to work with
the underserved, underrepresented, disadvantaged populations as a public health nurse and educator at
East Los Angeles College (ELAC). She shared several touching stories from her work with patients and
providers, and she concluded by calling on the audience to become volunteers to stop diabetes. We
appreciated hearing Ms. Gaines' view of diabetes in the real world and her emphasis on the difficulties of
behavior change - especially among people with other pressing life challenges.

▪ Near Los Angeles, challenges of diabetes management include lack of adherence,
homelessness, and lack of insurance. Patients have trouble adhering to their treatments, Ms.
Gaines noted, in part because of the high cost and varying accessibility of test strips and monitoring
devices, as well as a dislike of recommended food choices. (Ms. Gaines emphasized that adherence
can be difficult regardless of education level: she shared the sobering story of a Latino registered
nurse who died of diabetes complications at age 28.) Additionally, Ms. Gaines explained that
culture, traditions, and fatalistic belief systems sometimes conflict with diabetes treatments, making
it necessary for clinicians to work closely with the community.

▪ Ms. Gaines has been working for years to improve the prevention and education of
diabetes. In a joint initiative between the ADA, St. John's, QueensCare, and ELAC, Ms. Gaines has
helped to create foot-washing clinics where clients can be referred to QueensCare for further
medical treatment. She has also worked to develop diabetes health fairs, handouts on nutrition,
better follow-up care, and exercise programs.

▪ Ms. Gaines tells the students in her psychiatric nursing class that "we can do and
cover anything in psychology" - a proactive philosophy that led Ms. Gaines to develop a special
program to help students understand the impact of diabetes on wellbeing. The program requires
students to work with a community member with diabetes for eight weeks, helping them improve
their understanding of their medication, their diet, their exercise, and other aspects of diabetes
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management. Ms. Gaines highlighted the importance of respecting the patients' boundaries,
diversity, culture, and ethnicity. She also shared the story of one 64-year-old Vietnamese-American
patient, Mrs. V, who learned to appreciate brown rice and take longer walks with the help of one of
Ms. Gaines' students.

▪ "Don't just talk the talk, walk the walk." Ms. Gaines challenged the audience to take action in
the fight against diabetes. She remarked that it takes a team to accomplish all that ELAC and ADA
has, and there is still much more work to be done. She highlighted her own action at junior high and
high school events, as well as her role as a member of the Los Angeles Community Leadership
Board. We applaud Ms. Gaines as a role model for her community involvement in an effort to stop
diabetes.

Oral Sessions: Improving Health Care Delivery

LIFESTYLE CHANGE WORKS IN A LARGE NATIONAL HEALTHCARE SYSTEM (206-OR)

Sandra L. Jackson, MPH (Emory University, Atlanta, GA)

Dr. Sandra Jackson presented the results of MOVE! (Managing Obesity and Overweight in Veterans
Everywhere), a VA program modeled after the Diabetes Prevention Program (DPP) that was designed to
evaluate whether lifestyle change programs such as the DPP could be effective in large, real-world settings.
Of the 402,693 participants included in MOVE!, three-year follow-up data was available for 135,686
patients; of these, the 8.7% participants deemed to have "active participation" showed significantly greater
weight loss than those less involved (-2.7% vs. -1.1%; p<0.001), with non- participants demonstrating no
weight change. Overall, weight loss was more pronounced in the 38% of patients that had diabetes at the
time of the first visit (-1.7% vs. -0.9%; p<0.01). In participants without diabetes at baseline, incidence was
18.7%, with a relationship between incident diabetes and weight change. While only observational, these
results support that success can be achieved in the real-world setting, even amongst veterans who are
typically older and sicker with less access to robust support systems (three-quarters of veterans are known
to be overweight or obese). We will be eager to see further efforts to determine what qualities defined
motivated participants and what measures could be taken to increase participation.

▪ Since its inception in 2005, MOVE! has included 402,693 participants, making it the
largest lifestyle change program in the US. Though modeled after the DPP, the program made
certain departures, including using weight-based eligibility (>30 kg/m2 BMI or >25 kg/m2 with a
weight-related condition, such as diabetes) versus prediabetes status, reducing the number of visits
(8-12 vs. 16), and including multiple providers with individualized patient-determined goals (vs.
single coaches using standardized program goals). At first visit, mean age of the participants was 57
years, with 88% men, and 67% white; all were patients in the VA healthcare system.

▪ Three-year follow-up data was available for 135,686 patients; of these, the 8.7%
participants deemed to have "active participation" (at least eight sessions within six
months and at least 129 days between first and last sessions) showed significantly
greater weight loss than those less involved (-2.7% vs. -1.1%; p<0.001). Dr. Jackson noted
that this weight loss was only slightly less than that observed in the DPP (-4% at three years),
suggesting satisfactory real-world translation. Both groups overall demonstrated no evidence of
weight regain over the three-year follow-up, and non-participants demonstrated no weight loss.
Weight loss for all participants, regardless of level of participation, was -1.3% (BMI from 36.3 to 35.8
kg/m2).

▪ Thirty-eight percent of patients had diabetes at the time of the first visit. Dr. Jackson
indicated that those with diabetes were more likely to participate actively (9.6% vs. 7.8%; p<0.01)
and lost more weight than those without diabetes (-1.7% vs. -0.9%; p<0.01). In participants without
diabetes at baseline, incidence was 18.7%; Dr. Jackson noted a relationship between incident
diabetes and weight change, with the relative risk of three-year incidence in those losing or maintain
their weight versus those gaining weight at 0.84 (p<0.001). Overall, each additional pound lost at six
months was associated with a 1% lower likelihood of developing diabetes at three years.
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▪ In order to gauge the relative benefit, ongoing analyses are comparing MOVE!
participants to eligible non-participants (n=1.5 million). Dr. Jackson indicated early results
have been favorable.

Questions and Answers

Q: Do you have data on medication initiation or use that could drive weight change? Or how
the number of sessions related to weight change?

A: We haven't yet done the analyses on the number of sessions attended, only that dichotomous variable of
active vs. inactive we presented, but the analysis is planned. We did include a control for medications with
risk of weight gain or weight loss in our analyses.

Q: The originality of the studies here I think it was not for prediabetes like the DPP, but
weight. How did you modify the program for those groups?

A: Well, I think in terms of practical logistics it's important for the VA to allow all comers. They don't have to
do an OGTT test to determine prediabetes, so it worked well from a logistical standpoint. In terms of making
it more accessible, they used that idea of motivational interviewing - asking them how they wanted to change
their life in the sessions versus giving standardized goals like in the DPP.

Q: Do you think the LOOK AHEAD study should have been stopped as it was?

A: This is not really a randomized, controlled trial; it's more observational, and we've just started analyzing
outcomes so it's hard to compare.

CROSS-COUNTRY COMPARISONS ON BARRIERS AND RESOURCE FOR OPTIMAL CARE:
THE HEALTHCARE PROVIDER PERSPECTIVE IN THE DAWN2 STUDY

Richard Holt, PhD (University of Southhampton, Southhampton, United Kingdom)

The DAWN2 study aims to investigate the needs and perceptions of professionals and patients involved in
diabetes care delivery across 17 countries. This includes emphasis on quality of life, treatment burden,
societal issues, empowerment, self-management, education, and training. The survey-based study is meant
to highlight major areas that need improvement as well as drive multinational changes for patient-centered
care. The study found variations in healthcare provider perceptions of diabetes care, however it did not
stratify by GDP. Overall, few strong conclusions were presented during this presentation, but we are excited
to see more thorough data analysis expected at EASD.

Oral Sessions: Cost-Effective Health Care/Economics

OPPORTUNISTIC SCREENING FOR PREDIABETES AND UNDIAGNOSED DIABETES IN THE
ERA OF ELECTRONIC HEALTH RECORDS (265-OR)

Jeanine Albu, MD (St. Luke's-Roosevelt Hospital Center, New York, NY)

Dr. Jeanine Albu presented a study describing patterns of opportunistic A1c-based screening during 2011
prior to the introduction of a formal screening program. The study concluded that prior to an intensive,
formal program, opportunistic screening rates using the A1c test were low. Additionally, the prevalence of
pre-diabetes was high in the tested patients (40%). All in all, the study highlighted the opportunity to screen,
test, and identify patients likely to benefit from lifestyle interventions using electronic health record data.

Questions and Answers

Q: Did you do any analysis with blood glucose?

A: The analyses really just looked at A1c. We are looking at glucose, but I have to say in our primary care
practices, the rates of testing for fasting plasma glucose/glucose tolerance is very low, and it was much lower
than A1c in this period of time. This is consistent with previous publications in other populations. We do have
a lot of serum glucose. We are in the process of analyzing random glucose.

Q: When you implemented A1c testing, did you see a decrease in glucose testing?
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A: Great question, I have not looked at that.

Q: Were the visits with primary care physicians or specialists…?

A: These were just primary care visits. We are already implementing a hospital-wide screening program using
an algorithm primarily based on BMI and age to identify patients at risk as well as questionnaires with more
comprehensive questions. This is a tricky way to analyze a moving cohort, and we are beginning to look at that
and analyze trends.

PREVALENCE AND FACTORS ASSOCIATED WITH HOSPITAL RE-ADMISSIONS AMONG
ELDERLY MEDICARE BENEFICIARIES WITH TYPE 2 DIABETES MELLITUS (T2DM)
(262-OR)

Sandipan Bhattarcharjee, PhD (West Virginia University, Morgantown, WV)

To set the stage for his presentation, Dr. Sandipan Bhattarcharjee explained that limited data on hospital
readmissions and their associated factors in elderly patients (≥65 years old) with type 2 diabetes exist. He
commented that US health insurance plans such as Medicare Advantage are valuable sources for real-world
data on medical care management. Dr. Bhattarcharjee presented a retrospective, longitudinal, cohort study
of readmission in elderly patient with type 2 diabetes. Elderly patients with previous diagnosis of type 2
diabetes enrolled in the Humana Medicare Advantage plan and hospitalized between July 2007 and August
2011 were followed up to 120 days after their discharge date. The study demonstrated that among elderly
Medicare beneficiaries with type 2 diabetes, major drivers of readmission included patient complexities
specific to the elderly, higher age, and longer duration of initial hospital stay. Dr. Bhattarcharjee concluded
that intervention programs to reduce the readmission risk for elderly patients with type 2 diabetes need to
be personalized based on these three factors (complexity, age, and length of stay.) The study was limited in
its inability to establish causality and its lack of generalizability to other populations. Additionally, as
audience members pointed out, there was no comparison with control patients and there was slew of
confounding factors (discharge instructions, managed care utilization, treatment differences).

Questions and Answers

Q: I'm quite interested in your findings and the reasons for readmission. One of our major
markers seemed to be about discharge planning. Did you look into that at all? If discharge
lanning was adequate regarding diabetes control? Those seemed to be the bigger markers than
just the complexity of the disease.

A: Excellent point. We do not have those factors in our database. We were not able to look into those factors.

Q: I'm interested in the potential predictors for hospitalizations. Because the managed care
plans negotiate with Medicare annually for capitation for their population, did some of these
people get to the end of their benefits? Did their utilization make it possible that they
overspent and weren't invited back to the plan, and they weren't included in the full 120 day
follow up?

A: We were only able to look at if they entered the Donut Hole. We controlled for that.

Q: I'm asking as an elderly Medicare patient. Some of us don't consider 65 years old to be
really elderly. The study looked at 120 days, but you only presented data from the first 30 days.

A: We had additional analysis for 31-120 days; we found that the results were almost similar. There were
almost no differences regarding factors between the time periods.

Comment: That might suggest you should have analyzed the entire period.

Q: Did you look at the effect of treatment during hospitalization or the treatment at discharge?
Was there any influence of that on readmission?

A: We were not able to look into those factors. It was definitely a limitation.
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Q: Were readmissions more costly or more often with type 2 diabetes? Did I miss it? Does
having diabetes or not having diabetes matter? What is the impact of having this diagnosis on
readmissions and related cost?

A: Interesting point, but our whole cohort was patients with diabetes.

Oral Sessions: The Broad Spectrum of Diabetes Education - Strategies for Delivery

DVD AND FACE-TO-FACE DELIVERY OF LIFESTYLE INTERVENTION FOR DIABETES
PREVENTION ARE EFFECTIVE REARDLESS OF THE SETTING (305-OR)

Karl Vanderwood, MPH (University of Pittsburgh Graduate School of Public Health,
Pittsburgh, Pennsylvania)

Mr. Karl Vanderwood presented results on a study that evaluated the DVD intervention of the Group
Lifestyle Balance (GLB) program. The GLB program is an adaptation of the Diabetes Prevention Program
lifestyle intervention that delivers lifestyle intervention in one of two ways: weekly face-to- face group
meetings or a DVD-based delivery. This evaluation assessed the efficacy of the GLB interventions when
delivered at worksite and community centers. The study included 223 subjects; adults with BMI ≥24 kg/m2
and pre-diabetes and/or the metabolic syndrome were eligible to participate. Participants were given the
choice to enroll in face-to-face or DVD-based GLB intervention. The results showed that the participants in
the DVD arm achieved a significant mean weight loss of 5.5% at the worksite and 5.1% in the community
setting after six months. Participants in the face-to-face intervention arm achieved similar results, with a
significant mean weight loss of 4.2% at the worksite and 5.1% in the community setting. Both the DVD and
face-to-face intervention groups demonstrated significant improvements in diabetes and cardiovascular
risk factors, including fasting blood glucose, waist circumference, BMI, and A1c. These results demonstrate
that GLB in the DVD-based delivery mode can be as effective as face-to-face delivery.

▪ The goals of the GLB interventions included 7% weight loss and increased physical
activity (to at least 150 minutes per week). GLB is a one-year behavioral lifestyle intervention. The
curriculum consists of 22 total intervention sessions and 16 sessions delivered over the first six
months. Participants in both the face-to-face and DVD groups are asked to self-monitor their
weight, eating, and physical activity.

◦ In the face-to-face group, participants attend 12 weekly core face-to-face
sessions at a local worksite or community center. Sessions are then tapered to bi-
weekly meetings followed by monthly meetings.

◦ Those in the DVD group watch 12 weekly core intervention sessions
independently and then receive a weekly phone call from a trained lifestyle
coach. DVD participants are also invited to attend face-to-face meetings at three sessions
during the core and must attend all monthly post-core sessions.

▪ At all sites in the study, more males than females chose the DVD-based delivery
method over the face-to-face intervention.

▪ In the face-to-face intervention, the changes in HDL levels were different between the
worksite and the community center. Participants at the worksite showed a slight increase in
HDL levels while those at the community centers showed a slight decrease in HDL levels.

▪ Mr. Vanderwood stated that the results show the important public health impacts of
being able to reach participants who are unable to attend face-to-face meetings. The
DVD-based intervention provides an excellent intervention method for patients who live in more
rural areas, he said.

Questions and Answers

Q: Have you tracked how you use time and examined your resource utilization?
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A: Group meetings tend to last one hour. We have not analyzed the use of time but we have collected all time
data.

Q: What are the participants' differences in terms of ethnicity or socioeconomic status?

A: I believe that it is approximately 93% Caucasian at all sites. The worksites may have slightly higher
education levels than the community sites. But overall, the education level was pretty variable.

EXPLORING DIABETES EDUCATION AND INFORMATION: PERSPECTIVES OF FAMILY
MEMBERS OF PEOPLE WITH DIABETES (DAWN2 STUDY) (309-OR)

Ingrid Willaing, MPH, RN (Steno Diabetes Center, Gentofte, Denmark)

Ms. Ingrid Willaing outlined the results of the DAWN2 study, the second component of the Diabetes
Attitudes, Wishes, and Needs Study. DAWN2 focuses on the role of family members; it aims to assess the
access to, use, and benefit of education and information for family members of those with diabetes. Two
thousand and fifty seven family members from across the world participated in the questionnaire-based
survey. The results found that only 23% of family members reported having participated in a diabetes
education program. The study found that family members rely on many different sources of information,
with the majority relying on printed information (brochures, newspapers, magazines, and books), general
health and diabetes websites, and ongoing advice and support from a healthcare team. The survey found
that family members would like to have information pertaining to dietary guidelines and the best medical
treatments available. Ms. Willaing emphasized the importance of educating and supporting the family
members of people with diabetes. She highlighted the family's key role in diabetes care and in providing
emotional and moral support. Ms. Willaing's presentation underscored the need to improve the availability
and use of education and support for family members of people with diabetes.

▪ DAWN2 covered culturally, geographically, and economically diverse areas across the
world, including 17 countries across four continents with approximately 120 family
members from each country. Family members participated from the following countries:
Algeria, Canada, China, Denmark, France, Germany, India, Italy, Japan, Mexico, the Netherlands,
Poland, Russia, Spain, Turkey, UK, and USA. Out of the 2,057 that participated, 510 had a family
member with type 1 diabetes; 1,268 had a family member with type 2 diabetes; and interestingly
(and disconcertingly), 277 were not sure of their family member's type of diabetes.

▪ Seventy two percent of the family members who participated in an education program
found the education helpful; further, perceived helpfulness of education increased
with age. A family member aged 18 years old was 64% likely to find an education program helpful
while a family member aged 82 years old was 83% likely to find an education program helpful. The
data also showed that a higher participant rate in education programs for parents of a person with
diabetes compared to other family members.

THE EFFECT OF A DIABETES EDUCATION PROGRAMME (PRIMAS) FOR PEOPLE WITH
TYPE 1 DIABETES: RESULTS OF A RANDOMIZED TRIAL (310-OR)

Bernhard Kulzer, PhD (Diabetes Zentrum Mergentheim, Bad Mergentheim, Germany)

Only two randomized controlled trials (DAFEN 2002 and Amsberg et al. 1996) have studied the impact of
diabetes education on patients with type 1 diabetes. Unlike these programs, which were knowledge focused,
PRIMAS (developed by Dr. Bernhard Kulzer and colleagues) is a new education program for patients with
type 1 diabetes based on self-management. This program aims to help patients improve their quality of life,
reduce stress, and improve glycemic control by using modern content focused on the individual wishes,
needs, and goals of the patient. The randomized controlled multicenter trial (n=23 centers, 160 patients)
compared the effectiveness of PRIMAS (after 12 sessions) for patients with type 1 diabetes to a well-
established diabetes teaching and treatment program (also 12 sessions). Inclusion criteria was type 1
diabetes duration greater than two months, age 18-75 years, BMI 20-40 kg/m2, and A1c >7%. Baseline
characteristics were similar and not significantly different between groups. PRIMAS sessions are focused on
understanding type 1 diabetes, how to cope with and treat it, nutrition, lifestyle, and the prevention of
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negative outcomes. The outcomes showed that patients in the PRIMAS arm had a significant improvement
in A1c, diabetes related distress, empowerment, self-efficacy and satisfaction with diabetes therapy
compared to the control arm.

▪ The PRIMAS and control group had similar baseline characteristics. The mean age, BMI,
A1c, diabetes duration, percent on CSII therapy, and average number of insulin injections for MDI
patients in the PRIMAS group were 45 years, 26.5 kg/m2, 8.3%, 18.8 years, 25% and 5.2,
respectively. The mean age, BMI, A1c, diabetes duration, percent on CSII therapy, and average
number of insulin injections for MDI patients in the control group were 45.9 years, 27.5 kg/m2,
8.1%, 19.8 years, 27% and 5.2, respectively.

▪ The PRIMAS content is developed using evidenced-based guidelines for type 1 diabetes
and treatment goals were individualized. Simple pictorial models were used to explain
diabetes treatments, physical activities were incorporated, and problem solving was an important
aspect of the program. Following any problem given to the patient, the question, "What would you
do?" was asked in order to give the patient control of creating his or her own solution. Additionally,
strategies for improving quality of life were integrated, including group discussions focused on
exchanging experiences, reflection, and family member meetings for social support.

▪ After a six-month follow up, A1c was reduced in the PRIMAS group, but not in the
control group (0.4% vs. 0.0% reduction; between group significance: p=0.01). The PRIMAS
intervention also resulted in a significantly greater reduction in diabetes-related distress and
diabetes treatment dissatisfaction (between group significance: p=0.03 and p=0.02, respectively)
and a significantly greater increase in diabetes empowerment and diabetes self-efficacy (between
group significance: p=0.037 and p=0.01, respectively). Lastly, improvement from baseline occurred
in both groups (with no significant differences between groups) in self-care behavior, diabetes
knowledge, hypoglycemia awareness, and severe hypoglycemic incidents.

Questions and Answers

Q: Compared to other studies, are your outcomes similar?

A: There are a few results that are striking. Others have more of a compliance approach whereas this, which is
a new program, is based on empowerment to ensure better results. And this is same for type 2 diabetes
programs.

Q: There are good short-term results, but do you have plans for specific ways to follow up with
participants see if the effects are sustained?

A: We tried to follow up one year later.

RELATIONSHIP BETWEEN DIABETES EDUCATION AND READMISSIONS IN PATIENTS
WITH HEMOGLOBIN A1C >9% (311-OR)

Sara Healy, MD (Ohio State University, Columbus, OH)

Dr. Sara Healy presented the results of a study that evaluated whether diabetes education by dedicated
educators would reduce the rates of hospital readmission in patients with A1c >9%. Patients included in the
analysis had an A1c >9% at the time of hospital discharge from diabetes related admissions between
2009-2010. Patients were excluded if they were admitted to the psychiatric ward and/or < 18 years of age.
Duplicates were also excluded. Patients were included in either a 30-day readmission analysis (n=2265) or
a 180-day readmission analysis (n=2069). Patient education was instructed and led by a trained diabetes
nurse educator (CDE); the program included individual sessions to teach skills (e.g., how to use glucose
meters) and incorporated books, carbohydrate counting, demonstrations, etc. Within 30 days, 11% of
patients having received education were readmitted whereas 16% who did not receive education were
readmitted (p=0.0002). At 180 days, 30% of patients had been readmitted. Overall, inpatient diabetes
education was associated with decreased frequency of all-cause hospital readmission at 30 and 180 days.
Dr. Healy posited that education may have had an indirect effect through promoting better adherence to
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diet and medication. Several limitations in this study prompt further investigation; the study did not
distinguish between type 1 and type 2 diabetes, diabetes duration, or socioeconomic status.

Questions and Answers

Q: What do you hope will be the outcome of this study?

A: I hope people look at this and realize diabetes education has an important role and perhaps this can
increase funding.

Q: Did you look at alteration in medications at discharge? Those who received education or did
not - were their medications altered or intensified at discharge?

A: We were not able to account for medications of patients.

Q: How big was the staff of CDEs? How big was the hospital and how long does the CDE have to
spend with each individual patient?

A: Our hospital has about 1,600 patients and two CDEs. We're aiming for a new model to focus on education
coming from individual nurse units. The consulting order is up to the provider and time to spend with each
patient is highly variable, but is on average 30 minutes.

Oral Sessions: From Nutrients to Meals - How Food Affects Diabetes Control

THE EFFICACY OF CARBOHYDRATE COUNTING IN TYPE 1 DIABETES: A SYSTEMATIC
REVIEW AND META-ANALYSIS (164-OR)

Kirstine Bell (University of Sydney, Sydney, Australia)

Ms. Kirstine Bell noted that carbohydrate counting is widely considered a key factor in calculating the
correct insulin doses needed to maintain normoglycemia, and thus represents a hallmark in diabetes
management. There are, however, a limited number of randomized control trials that provide strong
evidence to support carbohydrate counting as an effective tool in glycemic control. Ms. Bell highlighted that
only six studies examining the efficacy of carbohydrate counting qualified for her meta-analysis. The pooled
results (n=667) showed that carbohydrate counting has no meaningful effect on glycemic control as
measured by change in A1c. While the meta-analysis showed an A1c reduction of 0.3% for carbohydrate
counting, this effect was not statistically significant (p=0.185). Ms. Bell noted that carbohydrate counting
appeared to reduce the risk of hypoglycemia and improve patients' quality of life; however, it did not affect
insulin dose, weight, or fasting plasma glucose levels. She concluded by remarking that carbohydrate
counting is still the best-known method for insulin dose matching and should not be abandoned; however,
further research is required to better understand ways to leverage and optimize the process.

▪ The meta-analysis aimed to compare the management of type 1 diabetes with and
without carbohydrate counting. Carb counting was defined as all methods that involved
quantifying the amount of carbohydrates consumed to determine the dosage of flex or fixed insulin
therapy. The control groups received usual care, general nutrition advice, or dietary advice in an
outpatient setting. The meta-analysis included studies where the interventions included intensified
insulin therapies or diabetes education; however, these factors were noted as potential confounders.
The primary endpoint was A1c level, and the meta-analysis also examined several secondary
endpoints including the number and severity of hypoglycemic events, fasting plasma glucose levels,
insulin dose required to maintain glycemic control, body weight, and quality of life.

▪ The efficacy of carbohydrate counting may be limited by patients' skills. Ms. Bell
explained that greater accuracy and precision in carbohydrate counting is associated with greater
A1c reductions. However, the patient cohorts often showed wide variations in carb counting ability,
as it requires numeracy and literacy skills which may vary by patient. The included studies did not
measure patients' skills and medication adherence; thus an analysis of the effect of patient skills on
A1c levels was not conducted.
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▪ There is more to glycemic control than matching carbohydrate consumption with
insulin dosing. Natural insulin secretion is multifactorial and involves everything from cephalic
response to protein and fat consumption (all of which are being studied more closely in upcoming
research.) For example, prescribed meal plans have been shown to lower A1c levels irrespective of
whether they include carbohydrate counting. Moreover, even the strictest carbohydrate counting
may not result in optimal blood glucose levels.

▪ Ms. Bell acknowledged that carbohydrate counting can become linked to unhealthy
eating. This is particularly a concern in children who are taught that carbohydrates are unhealthy
while protein and fats have no direct harmful effects, leading them to over consume the latter food
groups. This practice may lead to a higher risk of cardiovascular disease and dislypidemia. Ms. Bell
also noted that patients who count carbs may develop an increased reliance on packaged foods with
printed nutrition facts if they do not feel confident estimating the nutritional content of home
cooked meals.

Meet the Expert Sessions

LINKING CLINICAL CARE AND COMMUNITY INTERVENTIONS IN DIABETES PREVENTION
AND MANAGEMENT

Ann Albright, MD, PhD (Director, Division of Diabetes Translation, CDC, Atlanta, GA)

Dr. Ann Albright encouraged the room to actively participate in her discussion (purposefully without slides)
on the common barriers to clinic-community collaboration in preventing type 2 diabetes, and how the
National Diabetes Prevention Program (DPP) is approaching these challenges. Citing studies performed by
RTI International, the CDC's US Preventive Services Task Force (USPSTF) and Community Task Force, and
Duke University (citations not provided), Dr. Albright explained that clinic- community partnerships have
been more challenging in obesity prevention than in smoking cessation. Whereas smoking cessation has
supportive policies (i.e., smoke free air polices), anti-obesity efforts lack such community backing.
Additionally, complicated referral processes and poor bi-directional communication often thwart clinic-
community collaborations. Dr. Albright believes the National DPP is successfully addressing these barriers
by encouraging HCPs to "ask, advise, refer" (i.e., have conversations with people about their risk of
developing type 2 diabetes and then referring them to the local DPP site). She explained that the DPP is also
enabling people to self-refer by using self- administered type 2 diabetes risk assessments. The National DPP
is also working to make HCP referrals as simple as possible by using technologies such as electronic medical
records. These technologies, according to Dr. Albright, can also help community organizations (i.e., the Y)
communicate with clinics, thereby facilitating bi-directional communication (Dr. Albright did not clarify
what community organizations are or should be saying to the clinic). Finally, Dr. Albright complemented
the National DPP for having a scalable and financially sustainable structure

▪ Dr. Albright believes that enabling payers to reimburse community organizations for
successful implementation of the National DPP is important, since it makes the
program less dependent on grant money. As federal grant money is reduced (or as Dr.
Albright described it "drying up and flying away"), such a model is becoming increasingly necessary
in her view, and we agree. Payers can reimburse community organizations that conduct the National
DPP in a pay-for performance manner through third party administrators. These administrators
help community organizations function in a more medical or claims-based manner by tracking data
for them, conducting patient follow up, and facilitating bi-directional communication with referring
clinics. On the payer side, third party administrators help identify payers' members at risk for
developing type 2 diabetes so that they can be referred to the National DPP.

▪ Dr. Albright noted that Medicare Advantage plans are now reimbursing the National
DPP. Medicare still does not reimburse the National DPP; bills to change this are currently in
Senate and House committees (S. 42: Medicare Prevention Act of 2013 and H.R. 962: Medicare
Diabetes Prevention Act of 2013).
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▪ Dr. Albright pressed that enabling people to self-refer to the National DPP is critical
since only 11% of people with prediabetes have been diagnosed by a HCP.

▪ The American Medical Association has publicly backed the National DPP.

Pre-Talk Questions and Answers

Dr. Ann Albright: Why is this topic of interest to you?

Comment: I am an RD/CDE working at Joslin and a community health center. I am interested
in taking the expertise we have at Joslin into the community health center where I work.

A: Terrific. So you are looking to push the walls of the clinic out and make things more accessible to patients.

Comment: Looking at ObamaCare coming forward, our hospital has eliminated our CDE
position; it is tightening up financially. I am also an emergency room nurse and I want to have
linkages to community organizations where I can send patients so that they can get the
ongoing care they need.

A: So you want to have the opportunity to refer people to community organizations. There are some efforts to
do this that have succeeded and some that have not succeeded.

Comment: I see so many people who are underinsured or uninsured and come to the ER for chronic care
services. I want to know how can we help them stay out of the hospital.

A: It is a big question: how to meet unmet needs. Gaps exist for a variety of reasons.

Comment: I am a pediatric endocrinologist. I found that my community had to come to the
table and be galvanized to change. Doing so took some champions in the community. As a
result of finding these champions, we were able to mobilize various sectors in the community,
and get them all in one room and talking to one another. We realized that they did not all know
that these services were available or had been available for years. We were able to raise half a
million dollars from businesses to give out in min-grants. It was truly a grass-roots effort.

A: This is a great example of clinic-community linkages. I hope we can hear about it some more. It takes such
opportunities for these partnerships to form. There need to be actually actionable steps taken to link these
sectors together in ways so that they actually work together.

Comment: I am very concerned about the health disparities that exist among people with
disabilities. These disparities are much greater than those seen among racial minorities. I
would like to see the data on these groups made available so that we know how we are doing in
addressing these disparities, which are huge. Most interventions for preventing and treating
diabetes do not include these groups with disabilities.

A: There is a growing awareness of this problem.

Comment: People with disabilities represent 20 to 30% of the national population. We would
not ignore such a large group if it were a racial minority.

A: Thank you, this is a good reminder for all of us to think more broadly about this issue.

Post-Talk Questions and Answers

Comment: Part of the difficulty is that with all of the talk about prediabetes, the seriousness of
it has not been appreciated. If prediabetes is as devastating in cardiovascular risk as clinical
diabetes, then you have a national catastrophe. I would phrase it as an issue of homeland
security. We are going to see massive numbers of cardiovascular events that is going to
decimate our population. It is going to decimate the ability of our country to function.
Fortunately, other countries will be facing similar issues. There needs to be a program that
starts in preschool and goes through adulthood.

A: This is a very pressing health issue.
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Q: I want to follow up on your business model. Who are the key community individuals who
will be focused on care for people with diabetes?

A: We have done a review for people with diabetes; the evidence of that review is being updated right now by
the Community Task Force. There was some evidence that self-management could and should be
administered. I think the question is whether the Y and other organizations will get involved in that. I can tell
you that the Y is considering what its role is in treating type 2 diabetes. There are some safety and scope-of-
practice issues. It is a question of whether these programs can be delivered so that people can easily access
them but also how we send people back to the clinic. Some of the community health workers are housed in the
clinic. These people come from high-risk communities and they are a trusted source of information there.
There are some things that have to be attended to that are not absent from the prediabetes world but are more
prevalent of an issue in the type 2 diabetes world. Diabetes is a continuum. As time goes on there might be a
comingling of these programs. We have to look at the context of what cause people to come to these programs
and stay in these pogroms.

Comment: I run a health and wellness program in New Orleans. Two things hit me listening to
this. First, what I see is, in terms of the referral, is that not enough HCPs are trained in these
programs. They are not doing a clinical rotation at one of these sites. We have such a rotation
with Xavier; Tulane is doing that but most are not.

My second point is that I have seen that a lot of programs engage at the wrong thing. What we
stumbled upon was that in New Orleans, we have to engage people through food. You have to
start with a cooking class. I think that a lot of these programs that come in are too cookie-
cutter and based on what worked elsewhere. It will work for a little while when it has money
from the grant, but it falls apart when it tries to shift to local support.

A: There has been some work by the CDC to have HCPs be exposed to these programs during their training.
This whole concept of localizing comes up a lot. At the national DPP, we have stuck to the program that was
tested because we know that it works. But what I have found myself saying as I travel is that there is always an
opportunity to localize the program. For example, who is teaching matters. When you do talk about food, talk
about the local food. The challenge is that I have looked at programs that have 52 phone calls, one a week, to
having educators move into the community. If we are still running helter skelter at everything we are not
going to get the critical mass we need. There has to be a reasonable menu of options.

Comment: I work for Kaiser. We went to a very poor area of San Diego and were trying to
improve the quality of care in the community. I asked a woman "what more can we do?" She
said "nothing." I asked, "What could somebody do?" She said that if a friend of hers call her
and tells her the information, that would work. We then looked for people to network with.
People in the African American community are desperate to reduce blood pressure. They said
that they would get us together with the pastors and the barbershops. They are very anxious to
take the next step. I think that you have to look for readiness from the community and how to
engage the patient.

A: Those are such great points. You have to understand the local community. You have to identify the
champions and get the community engaged. They drive the traffic. You need to figure out how to anchor
things that we know improve health to things that will engage the community.

DIABETES IN ASIAN AMERICANS - CLINICAL STRATEGIES

William Hsu, MD (Joslin Diabetes Center, Boston, MA)

Dr. William Hsu presented an insightful case for why and how HCPs should develop culturally-attuned
clinical approaches tailored to the healthcare needs of Asian Americans with diabetes. Given the alarming
statistic that more than 50% of new cases of diabetes emerge from the Asia Pacific region, Dr. Hsu explained
that Asian Americans diverge from the mainstream in three critical areas that the field must understand in
order to effectively manage diabetes within this population. According to Dr. Hsu, clinical programs in the
US have a "one-size-fits all approach" when it comes to minority communities and argued that patient
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populations should be stratified based on physiology. Type 2 diabetes occurs at much lower BMIs in Asian
Americans than other ethnic groups, challenging dominant assumptions of a correlation between obesity
rates and type 2 diabetes prevalence. Dr. Hsu hypothesized that the primary reason for the accelerated
diabetes epidemic in Asians, despite their lean BMIs, is that they have greater amounts of visceral adiposity
and are predisposed to accumulating fat deposits centrally. Given patients with type 2 diabetes and a low
BMI, HCPs must reevaluate medications, exercise, and diet recommendations to account for the difference
in physiology. Further, Dr. Hsu explained that every culture possesses a different view on disease state,
which has enormous implications on the way in which HCPs provide clinical care. Dr. Hsu explained that
patient behavior is driven by their value system, which stems from their worldview. He voiced strong
support for not only recognizing cultural differences, but also accommodating them by devising culturally-
tailored alternatives. Next he urged that HCPs do not "consider healthcare in a vacuum," because patients
from different communities require different clinical care models. Dr. Hsu cautioned against using the term
Asian broadly because it masks the unique risks and challenges facing the heterogeneous subpopulations
that exist within the umbrella label. Disaggregating data on the Asian subpopulations will illuminate unique
health disparities that can be targeted through a culturally appropriate, individualized framework. We
greatly appreciated the inclusion of Dr. Hsu's session in this year's ADA program, as his talk shed light on
the critical (and often undervalued) issue of developing cultural-sensitivity and integrating diversity into
clinical practice in order to improve patient outcomes.

Questions and Answers

Q: Is there a source of disaggregated data on Asian Americans?

A: It's not a source; it's an approach. You have to get a large enough sample size so that you can factor in
different populations.

Q: I practice in Hawaii where Caucasians are actually a minority, so I always wonder why
there are not many studies conducted specifically on what we consider to be minority
populations.

A: I know a lot of colleagues who are doing research in these areas, and we are making some strides. In fact, it
was not until recently that ADA would even devote an entire session to Asian Americans, which are 5% of the
total population. Now there is even a subcommittee to drive awareness issues relating to Asian Americans.
Also, consider the fact that the government is now including Asian Americans as a distinct ethnic category in
the national health survey for the very first time.

Q: What do you think is the role of Eastern medicine in Western medicine?

A: We need a lot more studies. Seventy five percent of Asian Americans take alternative, complimentary
medicines that they will not change and we should not expect them to change. If we don't know the answer,
we must support them as they work through managing their diabetes.

Q: Do you find that Asians respond better to one type of medication versus another?

A: I don't have that kind of information, but pharmaceutical companies do. We just haven't used the right lens
to extract that information from them.

Symposium: Primary Results of the Look AHEAD Randomized Controlled Trial of a Lifestyle
Intervention in Overweight and Obese Individuals With Type 2 Diabetes

INTRODUCTION

Jeanne Clark, MD (Johns Hopkins University, Baltimore, MD)

Dr. Jeanne Clark opened the symposium with an overview of the design of the Look AHEAD trial, a single-
blind, randomized, controlled trial that assigned participants to receive intensive lifestyle intervention (ILI)
or diabetes support and education (DSE) (n=5,145). In the trial, 60% of participants were women, and 37%
were minorities; participants had a mean age of 59 years, of whom 15% were on insulin and 14% had a
history of cardiovascular disease. The study's objective was to determine the long-term effects of intensive
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lifestyle intervention programs on cardiovascular morbidity and mortality in obese or overweight
individuals with type 2 diabetes. The ILI was delivered in multiple phases over a median of 9.6 years, and
consisted of multiple group sessions, individual sessions, phone calls, and intensive education on exercise
and caloric intake. As a reminder, the study was terminated early for failure to show a difference in the
primary endpoint between the two trial arms. For more information on the trial design, please visit the

trials website: www.lookaheadtrial.org/public/LookAHEADProtocol.pdf.

IMPACT OF A LIFESTYLE INTERVENTIONS ON DIABETES CONTROL AND
MICROVASCULAR COMPLICATIONS

William C. Knowler, MD, PhD (NIDDK, Phoenix, Arizona)

Dr. William Knowler presented data on the effect of intensive lifestyle intervention (ILI) on microvascular
complications in Look AHEAD, focusing on nephropathy (the only microvascular complication for which
objective data was obtained). He began by reviewing the KDIGO's 2013 classification of chronic kidney
disease (CKD) risk, explaining that those at very high risk for CKD have an eGFR <30 ml/min/1.73m2 or an
eGFR between 30 and 44 ml/min/1.73m2 along with an albumin:creatinine ratio greater than 30 mg/g. ILI
reduced the incidence of very-high-risk CKD by 31% (HR:0.69; 95% CI: 0.55-0.87) and provided favorable
effects on several parameters of kidney function (e.g., eGFR <45 ml/min/1.73m2, albumin:creatinine ratio
≥300 mg/g, renal replacement therapy). The effect of ILI on kidney function appeared to be in part
mediated by changes in body weight, A1c, and systolic blood pressure. Further analysis showed that the
incidence of very-high-risk CKD was predicted by baseline age, race/ethnicity, diabetes duration, history of
cardiovascular disease, and history of insulin therapy. Interesting, the positive effects of ILI on very-high-
risk CKD were far more pronounced in women (HR: 0.53; 95% CI: 0.38-0.74) than in men (HR = 0.92; 95%
CI: 0.66-1.28). The investigators also measured self-reported retinopathy and found reduced rates in the ILI
group compared to the control group (HR 0.86; 95% CI: 0.75-0.98). No effect of ILI on symptoms of
neuropathy was observed (HR: 1.13; 95% CI: 0.92-1.38).

IMPACT OF A LIFESTYLE INTERVENTION ON CARDIOVASCULAR EVENTS

Rena Wing, PhD (Brown University, Providence, RI)

Dr. Rena Wing presented on the impact of the intensive lifestyle intervention (ILI) on weight loss,
cardiovascular risk factors, and cardiovascular events. The primary outcome of the study was the
occurrence of a major cardiovascular event including nonfatal myocardial infarction, nonfatal stroke,
death, or hospitalization for angina. ILI did not reduce the risk of cardiovascular morbidity and mortality,
but participants in this arm did successfully achieve and maintain weight significant weight loss, improve
their fitness, and see significant improvements in A1c, systolic blood pressure, and HDL.

▪ In the Look AHEAD trial, the ILI group achieved greater weight loss and fitness
compared to the diabetes support and education (DSE) group. Participants in the ILI arm
had significantly greater weight loss than those in the DSE arm at all time points, with the greatest
weight loss at one year (8.6%) and a differential loss across the trial of 4%. Additionally, the ILI
group had significantly greater improvements in fitness at all time points.

▪ Additionally, ILI produced significantly greater improvements in cardiovascular risk
factors compared to DSE. Specifically, ILI reduced participants' A1c levels significantly more
across the trial, with the greatest difference at one year. Systolic blood pressure improved
significantly more in the ISI group, although diastolic blood pressure was similar in the two arms of
the trial. Additionally, HDL cholesterol increased more in the ISI group. Although the DSE group
showed significantly greater reductions in LDL cholesterol compared to the ISI group, both had
reductions, and Dr. Wing pointed out that the use of statins across the trial was significantly higher
in DSE.

▪ Dr. Wing reported that there was no significant difference in the primary outcome
between the ILI and DSE groups at any point in the trial. The cumulative hazard ratio was
o.95 (95% confidence interval = 0.83-1.09; p = 0.505). Dr. Wing proposed that a larger sustained

www.closeconcerns.com 284

http://www.lookaheadtrial.org/public/LookAHEADProtocol.pdf


weight loss may be needed to see a significant difference and that a greater use of statins and more
intensive medical management in the DSE group may have reduced differences. She also suggested
that early intervention before or within two years of diagnosis might be needed.

▪ Furthermore, Look AHEAD found no significant difference within three pre- specified
subcategories: history of cardiovascular disease, gender, and race/ethnicity. The effect
of intervention was similar across subgroups, and the confidence interval for every subgroup crossed
1.0, indicating no difference of the intervention between groups within each subcategory. However,
Dr. Wing emphasized that, although non-significant (p=0.06), participants with no cardiovascular
disease history had a lower event rate of primary outcomes on ILI compared to DSE. Participants
with cardiovascular disease history had a much greater number of events during the trial, and the
event rate for primary outcomes was non- significantly higher in ILI compared to DSE.

IMPACT OF A LIFESTYLE INTERVENTION ON HEALTH CARE COSTS AND UTILIZATION

Henry Glick, PhD (University of Pennsylvania, Philadelphia, PA)

Dr. Henry Glick discussed the long-term effects of intensive lifestyle intervention (ILI) on the use of medical
services and cost of care, noting that the per-participant analyses were based on the intent-to- treat
population. ILI significantly reduced the average number of medications per year compared to diabetes
support and education (DSE), and specifically reduced the number of diabetes, lipid-lowering, and anti-
hypertensive medications the participants took. ILI also reduced overall hospitalizations by 11.7% compared
to DSE, and reduced cardiovascular hospitalizations by 12.5%. Participants in the ILI group had a
significant average cost reduction per year of $602 versus DSE; these cost reductions were concentrated in
hospitalization (10.7% reduction) and medication costs (7.5% reduction). The ten-year cumulative medical
costs of participants were also significantly lower in the ILI group ($71,746) compared to the DSE group
($77,124; p<0.0001). There were no significant differences in treatment effect on cost for age, BMI, gender,
or race/ethnicity, although ILI only significantly reduced medication and total costs in patients with no
history of cardiovascular disease and had no effect on these parameters in patients with cardiovascular
history. They have not quantified DSE or ILI costs, although Dr. Glick indicated plans for evaluating the
cost-effectiveness of ILI, and noted that the intervention could still be cost effective even with the failure to
achieve the primary endpoint, because cost- effectiveness must take into account cost, survival, and quality
of life as well.

IMPACT OF A LIFESTYLE INTERVENTION ON DEPRESSION AND QUALITY OF LIFE

Lucy Faulconbridge, PhD (University of Pennsylvania, Philadelphia, PA)

Dr. Lucy Faulconbridge presented results on the impact on intensive lifestyle intervention (ILI) versus
diabetes support and education (DSE) on the incidence of symptoms of depression. At baseline, participants
had an average Beck Depression Inventory (BDI) score of 5.5 (≥11 qualifies as having mild symptoms of
depression), 14% had BDI ≥11, and 17% took antidepressant medications. In addition, they had an average
SF-36 Physical Component Summary (PCS; consists of general health perception, physical function, role
limitations due to physical problems, and bodily pain) score of 48.1 and Mental Component Summary
(MCS; consists of mental health, vitality, role limitations due to emotional problems, and social function)
score of 53.9 (50 is the average). After eight years, ILI reduced the risk of progression to mild or more
severe symptoms of depression by 20% versus DSE, as assessed by the BDI the incidence of depression was
17.5% in the ILI group, versus 20.9% in the DSE group. Dr. Faulconbridge commented that this is the
strongest evidence to date that ILI protected overweight and obese individuals from depression. However,
there were no significant differences between ILI and DSE on the time to first use of antidepressant
medications. In addition, there were no significant differences between the SF-36 Mental Component
Summary (MCS) score between ILI and DSE, suggesting the protective mental health benefits of ILI were
specific to depression.
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Symposium: The Future Is Now - Changing Health Care Delivery Models

SESSION OVERVIEW

Robert Gabbay, MD, PhD (Pennsylvania State University, Hershey, PA)

According to Dr. Robert Gabbay, within the field of diabetes there have been a lot of innovations in care
regimens, but the current reimbursement model in the United States remains a barrier. Dr. Gabbay
asserted that the passage of the Affordable Care Act (ACA) has changed the dynamics of the future of
American healthcare. He highlighted three key aspects of the ACA that the symposium covered: shared
decision-making; the patient-centered home; and the change in reimbursement to a value-based system. He
emphasized that the change in reimbursement is now a "sweet spot" for diabetes care in that providers can
really make a tangible difference. Since diabetes has been a testing ground for new approaches to care, the
team-based approach that has gained popularity is now becoming a model for other areas of the medical
sector. He concluded his overview by saying how exciting the following models were for diabetes care,
giving HCPs the chance to bring about a wider change in patient outcomes through the evolving system.

INNOVATIVE NEW MODELS OF CARE - THE JOSLIN PERSPECTIVE

John Brooks, MS, BBA (Joslin Diabetes Center, Boston, MA)

After providing an overview of Joslin Diabetes Center, President and CEO Mr. John Brooks listed a number
of technologies and programs Joslin is exploring, and discussed some of the center's philosophies, principles,
and initiatives.

▪ Mr. Brooks listed some of the technologies and programs Joslin is currently
exploring: smartphone/cloud-integrated physiologic measurement (i.e., glucose, food, exercise,
and insulin) to drive decision support and enable predictive and adaptive algorithms; patient,
healthcare team, and consumer dynamic portals; EMR linkage with full interoperability for robust
data mining (Mr. Brooks commented that he is seeing a lot of companies starting to tackle inter-
EMR communications); risk stratification and "big data" analytics (e.g., to gain better insights on
medication use, comorbidities, etc.); metrics and feedback; apps, including reminders, care-plan
tracking and real-time retooling, medication adherence and reconciliation, and insulin initiation and
insulin adjustment tools (Joslin is both developing apps on its own and talking to companies); and
prevention and wellness programs for weight management, healthy food/nutrition choices, exercise,
stress mitigation, and goal tracking.

▪ Subsequently, he discussed some of Joslin's philosophies, principles, and initiatives.
Joslin Inside is the principle that whatever the institution does; it wants to show clinical benefit and
value from a best-practice-based standpoint. Joslin Everywhere is the broad concept that Joslin
wants to use the best ways to engage people around the world (i.e., cell phones), and to use the
power of connectivity and cloud-based analytics as they help tackle the global diabetes challenge.
Joslin hopes to be a catalyzer or sparkplug for innovation, but does not think they can solve the
diabetes epidemic singlehandedly. They believe in collaboration and collaboratories - working
together, even if they're not 100% sure where it leads. Mr. Brooks also mentioned that Joslin invites
players from across the spectrum - payers, providers, industry, etc.- to collaborate, offering them
access to Joslin patients and expertise. In the future, Joslin may also set up global centers of
excellence for diabetes. Other initiatives include working with self- insured employers to help reduce
healthcare costs, and engaging PCPs to help them with their challenges. In addition, Joslin has a
Center for Technology, Connectivity, and Innovation, as well as an Office of Commercialization and
Ventures.

Questions and Answers

Q: Could you share a little bit more about Joslin's philosophy around partnerships? You
mentioned that as a key element.
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A: We look at partnerships at a number of different levels. For research, we are anxious and willing to set up
collaborations with other research institutions on a global basis. A number of those are already under way. In
terms of some of the clinical opportunities, we have been actively working with different companies, from
established pharmaceutical companies all the way to start-ups. We have the ability at Joslin to incubate or
accelerate ideas that entrepreneurs come to us with. We have lab space to allow people to leverage our animal
models, assays, etc. We've invested a lot, but if we can drive new ideas, and leverage our knowledge to theirs,
we think that's a good thing. We have a mechanism through an independent company set up by friends of
Joslin that makes us eligible to receive money to take ideas then de-risk them to the point where hopefully
someone is willing to further fund, partner, or spin them out.

Q: Maybe there are allists, partialists, and gapists. In many healthcare systems, there's none of
the above. Or rather, doctors of different kinds, nothing along the lines of what you, Dudl,
Gabbay, and McCulloch described. So for those of you that have it, what would you
recommend that the have-nots do first?

A: Try to find pilots, drive a change, or a new initiative or clinic model. Get a couple of proactive clinicians,
and find if there's a way to prove a new approach - I think we saw some from the previous presenters. Do a
pilot, test it, and show if it works.

Q: I don't disagree that pilots need to be done, but in many institutions, everybody - nurses,
assistants, and docs say, "I'm up to here with work." There are no dollars for IT that are free.
So if the system is going to change, somebody is going to have to do something that they're not
doing, or somebody is going to have to be added. That costs money. What would you
recommend as the cheapest pilot in terms of personnel and dollar cost?

A: I've heard those arguments, and I think it's one of those situations where you need to look where all those
IT dollars are being spent. One route could be to find tech companies out there interested in undertaking
some sort of pilot or program. They're starting to figure out that if they just bring technology into the
environment, they're not going to have it all figured out. Technology doesn't exist in a vacuum. They need to
understand he workflow, and how doctors, clinicians, and nurses engage. A lot of them are trying to figure out
how they'll deliver value in the new healthcare system. Find IT companies that are interested in partnering.
You have to co-opt them into basically being a funder or an underwriter. We find a lot of people willing to
underwrite pilots, if they'll be able to demonstrate where it can go next.

Comment: The idea is to work smarter, but not necessarily harder. Having a more team- based
approach where tasks are distributed across the team, and everyone practices at the top of
their license frees up time. Who are the highest risk patients who have been doing poorly for
some time? Proactively bring them in [to prevent more resources being needed further down
the road].

EXPANDING DIABETES EXPERTISE WITHIN PRIMARY CARE - A NOVEL ROLE FOR THE
ENDOCRINOLOGIST

David McCulloch, MD (Group Health Cooperative, Seattle, WA)

Dr. David McCulloch trains other endocrinologists in the Northwest in best practices to overcome common
problems that endocrinologists face when working with non-adherent patients. He described the idea of
quality care, and expanded on the patient-centric model that Group Health Cooperative uses. He explained
the methodology behind Group Health Cooperative's system of accountability and patient tracking to show
the successes that they have seen in recent years. He argued that this patient-centered system improves
health outcomes through communication and collaboration among both providers and patients. We are
excited to see this further explanation of a new model of care focused on patient outcomes that could
drastically improve the health of people with diabetes.

▪ Dr. McCulloch stated that quality care is proactive care that anticipates the needs of
the patient and preemptively collects data necessary for preventive care. Currently, the
model of healthcare under the single-payer system is acute and reactive to symptoms that present
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immediately. In order to move towards a preventive care model, Dr. McCulloch suggests planning
care needs based on factors such as: age and gender, lifestyle, and preexisting chronic conditions.
Through the information collected by Group Health's Profile, they used these factors to influence
care needs, such immunization timelines and cancer screenings. Dr. McCulloch described a system
structured around information gathering to inform a checklist of tests and screenings that could be
gathered when a person has an appointment or goes to the HCP for another health issue (i.e.,
completing an immunization when a patient comes in for a sprained ankle).

▪ When applying this model to diabetes, Dr. McCulloch emphasized the "Four Habits
Model" when working with all patients, especially those who are non-adherent. This
model utilizes four steps to increase dialogue between HCPs and patients, encouraging: 1) investing
and building rapport; 2) eliciting patient perspectives; 3) demonstrating empathy; and 4) involving
patients in the design of their care plan. Dr. McCulloch explained that he often visits clinics to help
doctors utilize this model when learning about other underlying causes of patients' non-adherence
to treatment plans. He urged all of the HCPs to listen to patients and envision what it is like in their
unique situations to best provide them the information and care they need. He emphasized that
HCPs cannot make their patients feel guilty, or else they will alienate the patients and perpetuate the
problem.

▪ The Group Health Cooperative model focuses on hitting standardized targets that
trace efficacy and efficiency across their network to improve health outcomes for all of
their clinics. Dr. McCulloch stressed the importance of embedding evidence-based guidelines
within routine standard work, making effective care much easier to achieve. Group Health achieves
this through tracking based on HEDIS measures, as well as ACE-inhibitor and statin usage. They
target each measure to be in the 90th percentile, making the tracked data and patient data visible
across their whole network. While the data Dr. McCulloch showed had slight decreases in achieving
these measures for statin and ACE-inhibitor usage, a large portion of patients hit the majority of the
health outcomes tracked. This system allows for individual clinics to compare data and
methodologies to increase overall effectiveness. By having a large volume of data records that can be
shared across this network, Dr. McCulloch asserted that efficacy of each individual clinic increased.

Questions and Answers

Q: Are visits that you oversee when training endocrinologists for diabetics during primary
care mostly just to deal with the diabetes or are they general visits to primary care physicians?

A: The focus is mostly on the diabetes. I often invite them to bring in a patient that is really difficult or
someone who they have problems with but who is rather typical so that they can learn some ways to interact
with the patients.

Q: In addition to all of the problems, could primary care physicians have a model of these
visits that would be more generalized?

A: The primary care doctors are not "specialists," they are "partialists." Primary care physicians are such
hardworking medical professions due to the sheer volume of patients and the variety of illnesses they
confront. By organizing the patients around a home model, the diabetic patients are coming in and getting
care for a variety of illnesses, so this model could absolutely be expanded.

Q: I thought this model was provocative and great. How feasible is this to spread through
primary care as a model? Because typically a visit is about 20 minutes, and spending 40
minutes per patient would be a lot. How can we adapt to allow the inertia and difficulty
moving forward?

A: These extended times occur because I am coming and coaching the physicians, but these visits could be
done in 20 minutes if I coach them to be more efficient. If you carve out enough time to have at least some of
the visits during the day, then you aren't as backed up the rest of the year. If you deal with diabetes and other
chronic diseases, patients end up coming back less.
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Q: Within the current system, it is challenge for us to see patients for this long since
reimbursement allows for 20-minute visits. How have you combatted this, and has it been a
problem you have seen?

A: I am paid by salary and responsible for overall health of the patient population. For this reason, I am paid
under a different model and can work in a different manner. We have to leverage this stuff to better serve out
patients and change the current care model.

Q: Who gives you the information for the report cards, and do you focus on crediting the effort
or the outcome?

A: I have worked in national collaboratives and community clinics where people have no resources, and it can
be done, but it matters on how this is implemented. For your statin question, this would mean not met, which
is why we aren't 100%. You are going to have people who don't do it, but use both process and outcome
measures.

Q: It's not necessary to pair a PCP with another. Part of a solution might be providing a system
where medical care professionals make the target closest to 100% as they can. When they are
mostly done, it is not up to the PCP, but the medical care system can have people do it that
aren't the providers. Shouldn't other people be able to do it?

A: It is necessary to compare PCPs because you can examine why they have people who work well as a team
and some don't.

Q: If you want to do it, you may want to look at a different approach. Look at expense to the
system, look at visits to hospital, etc. While all these concerns could be true, you want to move
towards the ultimate target of CV health.

A: We are in violent agreement. We do all of those things as well.

Q: It's great that there are a number of PCPs here, but my guess is that there are also a lot of
endocrinologists. This is a different model than many people were trained in. What sort of
change in mindset do they need to implement this and where can they learn how to do this?

A: I don't think I have a unique skillset, I think a lot of endocrinologists are really good at this. The
reimbursement structure needs to change so that they can do this well. We need to spread the skills more
widely so that they can learn.

Symposium: Behavioral Science Contributions to Understanding Diabetes (With Richard R.
Rubin Award Lecture)

PRELIMINARY FINDINGS OF THE 2ND DIABETES ATTITUDES, WISHES, AND NEEDS
(DAWN2) STUDY

Richard Holt, PhD (University of Southamptom, Southamptom, UK)

Dr. Richard Holt presented the initial results from the DAWN2 study. Overall, data from the study showed
that diabetes represents a major psychosocial burden for people with diabetes and their families. Dr. Holt
noted that the study highlights numerous opportunities for improving diabetes care, education, and
community support by placing people with diabetes and their families at the center of a new patient care
model. He concluded by calling for a broad dialogue and collaborative action to raise the voices of people
with diabetes and to improve their health and quality of life. Specific results from the study are highlighted
below:

▪ Impact of diabetes on quality of life: DAWN2 revealed that people with diabetes have an
elevated risk for depression with 13.8% of respondents with diabetes reporting that they likely have
depression. 39% of respondents indicated that their diabetes medication routinely interfered with
their ability to live a normal life, and 55.5% indicated that they felt very worried about the risk of
hypoglycemia. Further, people with diabetes reported a negative impact of their disease on reduced
physical health (62%), reduced emotional well being (46%), finances (44%), leisure activities (38%),
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work studies (35%), and relationships with family, friends, and peers (20.5%). The study also found
that better support was associated with better outcomes for wellbeing and quality of life and that
psychosocial outcomes were worse for those who were in worse physical health or experienced
greater diabetes burden.

▪ The family perspective: DAWN2 showed that the burden of diabetes also impacts family
members' quality of life. Through the questionnaire, 35.5% of family members reported a moderate
to a very large burden from caring for a relative with diabetes. Family members reported a negative
impact of their family member's diabetes on their emotional wellbeing (44.6%), finances (35.2%),
leisure activities (31.0%), physical health (26.7), work studies (22.9%), and relationships with
family, friends, and peers (19.8%). Additionally, the study showed that a substantial proportion of
family members want to be more involved in helping their relative with diabetes (39%), but that they
do not know how to help best (37%).

▪ Active involvement of people with diabetes: DAWN2 demonstrated a need for improved self-
management among people with diabetes. In particular, the study revealed that during an average
week, people with diabetes follow a health eating plan for 5.3 days, participate in physical activity
over 30 minutes for 3.8 days, test their blood sugar 3.4 days, checked their feet 3.2 days, and take
their medications exactly as prescribed 6.1 days. Meanwhile, healthcare professionals generally
recognized the value of actively engaged people with diabetes. In particular, 85% of healthcare
professionals believed it was helpful when patients indicated how healthcare professionals could
best support them, 84% believed it was helpful when patients prepared questions prior to the
consultation, 71% believed it was helpful when patients were able to find self-management
information for themselves. Finally, 60% of healthcare professional respondents indicated that there
was a need for a major improvement in the availability of diabetes self-management education, and
61% believed that improving the availability of diabetes self-management education would reduce
disease burden.

▪ Quality diabetes care, including psychosocial support: DAWN2 revealed that there are
prominent gaps in the care for the psychosocial and behavioral dimensions of diabetes. While 75% of
respondents with diabetes reported that someone from their healthcare team measured their long-
term blood sugar control level in the past 12 months, only 32% indicated that someone from their
healthcare team asked if they had been anxious or depressed over a similar time frame. There also
appears to be a difference in perspective on quality of psychosocial support provided by healthcare
professional between patients and their providers. While 23.7% of patient responders believed that
their healthcare provider asked them how diabetes affects their lives, 51.8% of healthcare providers
reported that they had addressed this topic with their patients. In general, healthcare professionals
called for increased resources to provide more person-centered care, including formal training in
effective communication, increased availability of psychological support and care, and improved
communication among healthcare teams. Notably, only 20% of healthcare provider respondents
indicated that they had received training in the management of the psychological aspects of
diabetes, and 59% indicated that they would like to receive more training in this area. Separately,
another significant finding of the study was that less than 50% of people with diabetes had
previously participated in any diabetes educational program.

▪ Discrimination and societal issues: DAWN2 indicated that discrimination was an issue for
people with diabetes. 19.2% of people with diabetes experienced discrimination, intolerance, and
lack of support from their community. 21.5% of family members believed that people with diabetes
experienced discrimination because of their diabetes. 32.5% of healthcare professional believed that
discrimination was an issue for people with diabetes.

RATIONALE, OBJECTIVES, AND METHODS OF THE 2ND DIABETES ATTITUDES, WISHES,
AND NEEDS (DAWN2) STUDY

Mark Peyrot, PhD (Loyola University, Baltimore, MD)
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The DAWN2 study was a questionnaire-based study conducted in 17 countries that sought to assess
potential barriers and facilitators of active and successful management of diabetes among people with
diabetes and their family members and healthcare providers. In total, 15,438 individuals were surveyed,
including 1368 individuals with type 1 diabetes, 7228 people with type 2 diabetes, 2057 family members,
2066 primary care physicians or general practitioners, 1350 diabetes specialists, 827 nurses, and 542
dietitians. Participants were selected from online panels and databases, phone lists, general population
directories, hospital/physician directories, referrals from other participants, and professional association
lists. The questionnaire was conducted online, by phone, or in-person in the country's local language.
Questionnaire topics included: 1) health/quality of life (people with diabetes and family members); 2)
diabetes profile; 3) active self-management; 4) attitudes and beliefs about diabetes; 5) care and support/
involvement; 6) diabetes education and information; 7) diabetes training (healthcare professionals); 8
future needs; 9) demographic and practice characteristics.

▪ The participating countries included: Algeria, Canada, China, Denmark, France, Germany,
India, Italy, Japan, Mexico, Netherlands, Poland, Russia, Spain, Turkey, United Kingdom, and US.

▪ Secondary objectives included: 1) to establish national benchmarks for health status, quality of
life, and access to self-management education to measure national progress and promote cross-
national comparisons; 2) assess the access to, and use and benefit of, support from healthcare
teams, family and friends, and communities and society; 3) explore and pinpoint the most important
facilitators and barriers to person-centered chronic care for each stakeholder group; and 4) identify
successes, wishes, needs, preferences, and priorities for change among all key stakeholders in
diabetes.

A TRIBUTE TO DR. RICHARD R. RUBIN

Barbara Anderson, PhD (Baylor College of Medicine, Houston, TX) and Mark Peyrot, PhD
(Loyola University Maryland, Baltimore, MD)

Drs. Barbara Anderson and Mark Peyrot delivered heartwarming tributes to honor the late Dr. Richard
Rubin as part of the Behavioral Science Contributions to Understanding Diabetes Symposium. As many
already know, Dr. Rubin was a renowned psychologist whose contributions revolutionized our psychosocial
understanding of diabetes. He served as an American Diabetes Association (ADA) volunteer for more than
30 years, having been President, Health Care and Education in 2006-2007, chair of the Association's
Committee on Professional Councils, and chair of the Council on Behavioral Medicine and Psychology. He
was also a professor of medicine and pediatrics at the Johns Hopkins University School of Medicine. It's an
understatement to simply count his long list of impressive achievements: over 100 publications and eight co-
authored books, including three editions of Psyching Out Diabetes. Dr. Peyrot commemorated Dr. Rubin for
his passion and ambition, and despite his accomplished career, Dr. Rubin never let his degree define who he
was. Beyond his professional credentials, Dr. Rubin will always be remembered and celebrated for his
tireless dedication to patient advocacy and education, especially in the critical realm of mental health. We
thank him sincerely for his countless years of service and wisdom, as they continue to inspire the rest of us
who are committed to the fight against diabetes.

Symposium: NDEP Symposium - New Science - Implications for Diabetes Care

INTRODUCTION/HIGHLIGHTS OF CURRENT NDEP ACTIVITIES

Ann Albright, PhD (Director, Division of Diabetes Translation, CDC, Atlanta, GA)

Dr. Ann Albright introduced the session with a high-level review of the National Diabetes Education
Program (NDEP). The program is a collaboration between the CDC and NIH (with over 200 partners!).
Launched at ADA 16 years ago, NDEP was formed to translate diabetes science into tools, strategies, and
messages to address diabetes management and diabetes prevention. NDEP is currently working to develop
its strategic plan for 2014-2019. There is so much need in diabetes and so much that can and should be done,
said Dr. Albright. The intent of NDEP's plan, she explained, is to hone in on where the gaps are and think
very carefully about where to put its energy and research and talents.
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HOW NEW SCIENCE IS SHAPING NDEP'S MESSAGE AND MATERIALS

Judith Fradkin, MD (National Institute of Diabetes and Digestive and Kidney Diseases,
Bethesda, MD)

Dr. Judith Fradkin discussed the history of the National Diabetes Education Program (NDEP), which
provides information to help prevent and control diabetes. The motivation for NDEP comes from the
DCCT/EDIC results, which continue to provide evidence demonstrating the importance of early diabetes
control. Dr. Fradkin noted that the NDEP is an aggregator, which pulls the best articles and content from
other sites, such as the American Heart Association. Although Dr. Fradkin mentioned that diabetes
education levels are still very low among adults, she highlighted that the NDEP produces publications for
people of varying levels of health literacy. She noted that the NDEP strives to improve self-care and health
care integration. Dr. Fradkin also presented results from the Treatment Options for Type 2 Diabetes in
Adolescence and Youth (TODAY) study to suggest that greater focus needs to be placed on prevention and
education.

NEW SCIENCE ABOUT WEIGHT MANAGEMENT IN DIABETES

John Buse, MD, PhD (University of North Carolina School of Medicine, Chapel Hill, NC)

Dr. John Buse shared his expert perspective on three major studies investigating diet and/or lifestyle
interventions on health. In preparation for his presentation, Dr. Buse spent a month reviewing ~350 papers
on weight management and diabetes published after ADA 2012. "This exercise of reading a huge number of
abstracts and a very large number of papers cemented the notion that we have many preconceived ideas
about the effectiveness or lack of effectiveness of lifestyle intervention; but in fact, most of these
preconceived ideas are not very well backed by science." Diving right in to the review…

▪ Look AHEAD: Drawing on data from the myriad publications on Look AHEAD, Dr. Buse
remarked, "As opposed to the medical interventions we use where we provide a tablet for each of the
many problems a person with diabetes may have…intensive lifestyle intervention provides very
broad benefits to many patients when the intervention is done in patients with diabetes."

◦ For background, Look AHEAD compared intensive lifestyle intervention (ILI)
to diabetes support and education. The study was terminated in September 2012
after showing no difference in the primary outcome (CVD event rate) after 10 years of
follow up. Said Dr. Buse, "I think many people have forgotten the vast number of
publications to date [on Look AHEAD] that show the benefit of lifestyle intervention on
BMI, CVD, and A1c…" In particular, he highlighted data on the positive benefits of ILI on
mobility and disability (Rejeski et al., NEJM 2012) and sexual dysfunction in women
(Wing et al., Diabetes Care 2013).

▪ Translating the DPP Lifestyle Intervention for Weight Loss Into Primary Care (Ma et
al., JAMA Intern Med 2013): For background, the study randomized patients to a coach-led
intervention given in a group format, a home-based intervention, or usual care. The home- and
group-based interventions were adapted from the DPP lifestyle program. Dr. Buse showed fifteen-
month weight loss from the study, commenting that the impressive responses to the DPP-based
interventions suggest that interventions are being successfully translated to provide meaningful
weight loss in the clinic and non-clinic environment.

▪ Primary Prevention of Cardiovascular Disease with a Mediterranean Diet (PREDIMED;
Estruch et al., NEJM 2013): Dr. Buse described PREDIMED as "arguably the study that rocked my
world the most this past year." He remarked that the study findings suggest diet composition and
quality do have important influences on health.

◦ In this randomized control trial, 7,441 people with no CV disease at
enrollment but a high CV risk, were assigned to three dietary interventions: a
Mediterranean diet supplemented with nuts, a Mediterranean diet supplemented with
extra-virgin olive oil, or a control diet (in which they were given advice on a low-fat diet).
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The primary endpoint assessed was a composite of myocardial infarction, stroke, and
death from CV causes. Participants had a median follow up time of 4.8 years (7% drop out
rate).

◦ Compared to the control diet, the multivariable-adjusted hazard ratio was
0.72 in the Mediterranean plus nuts diet and 0.70 in the Mediterranean plus
oil diet (p=0.01 and 0.03, respectively). When considering both Mediterranean groups,
the adjusted hazards ratio was 0.71 compared to control (p=0.005). Further, explained Dr.
Buse, given that the baseline diet was similar to the Mediterranean diets, the
Mediterranean diet intervention could potentially have even greater benefit in individuals
currently eating a Western diet.

HEALTH CARE PROFESSIONAL/PATIENT COMMUNICATION - EFFECTIVENESS IN
DIABETES OUTCOMES

Linda Siminerio, PhD (University of Pittsburgh, Pittsburgh, Pennsylvania)

Dr. Linda Siminerio addressed the important topic of provider-patient communication. She evidenced that
physician empathy was critical to patients' care satisfaction. Of note, a study in patients with diabetes by
Del Canale et al. suggested that patients of physicians with higher empathy scores had a lower rate of acute
complications. Further, physicians' understanding of patients' beliefs was positively associated with better
self-care practices, including improved diet and self-monitoring of blood glucose (Academic Medicine 2012).
Dr. Siminerio also presented data highlighting the discordance between what patients want in their
relationship with providers and what they actually receive (Alston et al., Institute of Medicine Discussion
Paper 2012): 1) eight in 10 people say they want their health care provider to listen to them, but only six in
10 say this happens; 2) less than half of people say their provider asks about their goals and concerns for
their health; and 3) nine in 10 people want their providers to work together as a team, but only four in 10
say this happens. Her presentation underscored that effective physician-patient communication doesn't just
transfer information; it does so in a way that engages the patient in shared-decision making. Said Dr.
Siminerio, "Health information knowledge doesn't necessarily translate to action. If that were true, there
wouldn't be a single physician in the world with a high BMI…"

SYSTEMS OF CARE - IMPLICATIONS FOR DIABETES MANAGEMENT

Carol Mangione, MD, MSPH (UCLA, Los Angeles, CA)

Dr. Carol Mangione reviewed the results of the Translating Research Into Action Study for Diabetes
(TRIAD) study. She focused specifically on the finding that the highest quartile of diabetes care management
was strongly associated with greater quality of care; however, improved quality was not associated with
clinically meaningful improvements in intermediate outcomes, including LDL and A1c levels (Mangione et
al., Annals of Internal Medicine 2006). She highlighted the success that the veteran's administration (VA)
hospital has seen, specifically lower A1c levels, LDL levels, and quality of care, and implied that an
integrated system is superior to the standard of care used by most hospitals. Dr. Mangione also spoke to the
Natural Experiments for Translation in Diabetes (NEXT-D) study. The five- year goals of this research
effort include prioritizing population-focused policies, providing a new model to implement these policies,
and building infrastructure. She listed five studies to be included in NEXT-D that evaluate how effective the
implementation of certain practices are, such as coupling electronic medical records to the health system.
Dr. Mangione also expressed excitement that the passing of the Affordable Care Act might lead to greater
incentive to work as a care team.

PANEL DISCUSSION

Ann Albright, PhD (Director, Division of Diabetes Translation, CDC, Atlanta, GA); Judith
Fradkin, MD (National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda,
MD); John Buse, MD, PhD (University of North Carolina School of Medicine, Chapel Hill, NC);
Linda Siminerio, PhD (University of Pittsburgh, Pittsburgh, Pennsylvania); and Carol
Mangione, MD, MSPH (UCLA, Los Angeles, CA)
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Dr. Fradkin: I would like to ask a question about TRIAD. On the one hand, you showed that the
VA was doing better because it was more integrated. However, you also showed that the
system was much better with a lower cost for medication - and the cost of drugs at the VA is
very little. How do you separate which benefits are due to integration versus which benefits
are due to the cheap drugs?

Dr. Mangione: The VA is doing many things differently from the common system, and you cannot really
associate one component to a benefit. Many people are only using the VA to fill drugs. This probably had a
huge impact on adherence to drugs, especially for low-income individuals. The VA has really led with team
care, delivering real-time reminders, and having affordable medications. There are a lot of things we can learn
from VA; we have to start integrating these features into our practice.

Dr. Buse: I was struck similarly, Judith, by your presentation showing the less-good
management of diabetes in younger patients. Is it related to access to care?

Dr. Fradkin: It may also be related to more aggressive diabetes in younger people. People with diabetes at
older ages have a lower loss of beta cell function. I don't think its purely based on SES.

Q: I believe enhancing communication between patients and providers is crucial, but I also
think it probably won't be enough in most cases because patients are in their own community
the majority of the time. They spend very little time with the HCP. How can we, as HCPs, work
with patients when they are not in the office? How can we integrate community into the health
care system? These community programs are not paid for, and so it is hard to sustain them.
What are your thoughts on how to incorporate what the patient is learning into the community
system?

Dr. Mangione: We looked at this in one study. We started the diabetes education in primary care and then
randomized the patients into two groups, one of which had community involvement built-in. It was
interesting to see that the peers talking to the patients would develop relationships with these patients -even
though they had started as just volunteers. The peers rated that they were very satisfied with their experience,
and they noted that they would recommend the program to their friends. So, we initiated the involvement
during the primary care visit, and then we really took it outside the office. I think we begin with integrating
tools, like peer support. I think there is a great opportunity for community involvement to grow.

Dr. Albright: At the CDC, community integration is a top priority - the clinical community linkage is key. We
know that there is an interest and a desire to do so, but the processes and mechanisms are not in place. We
are exploring a program that can be implemented by either a physician or a non-physician in either a clinical
or community setting. We are trying to arrange to have the program paid for right from the start so that
people can view this as a long-term intervention. We are also looking into virtual connections. The
conversations we have had with CMS have been amazing, but they need to see that, yes, you can reimburse
these programs, and you will see great outcomes.

Dr. Buse: Dr. Ed Fisher has worked on Peers for Progress, which has a website with a lot of information
linking to successful programs. They've funded 16 programs on six continents and have outcomes validated
for many different domains.

Dr. Fradkin: In Mexico they have the Carlos Slim foundation. I heard from the equivalent of the NIH director
there that that foundation is funding a study to pay for CDEs and physicians to be available to people
throughout a large rural area so that meter data can automatically go to physicians and patients will be able to
get feedback by phone or by email on therapy adjustments. The Carlos Slim foundation is paying for these
people to be available - that cost is a major barrier in the US.

Q: Another challenge I see is documenting technological interventions. By the time a good
randomized study is done, there are already three or four newer versions of the program. How
do we understand or perform research in such as fast paced system?
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Dr. Fradkin: In a way, this is a good problem to have. We are seeing similar challenges with the artificial
pancreas - studies are done in a smaller number of patients, and the results are continually getting better. We
have to learn from experiences and then use the interventions to get better.

Symposium: Education Recharged - Diabetes and Technology

EMERGING DIABETES TECHNOLOGIES - HEATH OUTCOMES AND CHALLENGES IN THEIR
IMPLEMENTATION?

Satish Garg, MD (University of Colorado, Denver, CO)

Dr. Satish Garg began his talk by reviewing the growing health and cost burden of diabetes. "The disease is
exploding," he said. "…If you really look at the data, it really shows the majority of the cost is not with the
drugs or the devices. It is with the services and taking care of the complications." Dr. Garg commented that
many patients do not meet ADA's A1c target and attributed this, in part, to a failure to limit hypoglycemia.
He believes that more patients would accept intensive insulin therapy in the absence of hypoglycemia risk.
Dr. Garg next explored available technologies that have the potential to improve glycemic control and
reduce hypoglycemia, paying particular attention to CGM. He evidenced that CGM can benefit both patients
with type 1 and 2 diabetes in both good and poor control (Garg et al., Diabetes Care 2006); however, he
recognized that there are barriers to use, including the lack of proper patient education and the cost of
CGM. As to the latter, he pressed that organizations need to rally to gain a CMS reimbursement code for
CGM. Transitioning to emerging technologies, Dr. Garg discussed the day-old publication of the ASPIRE In-
Home study, which showed that low glucose suspend (now called threshold suspend) decreased nocturnal
hypoglycemic events. See our write up of Medtronic's ASPIRE In-Home poster for detail. The importance of
downloading data and the need to improve diabetes curriculum in medical school and primary care
residency were also weaved into Dr. Garg's presentation.

▪ Ninety percent of patients with diabetes are not being seen by doctors like us, said Dr.
Garg. He explained that PCPs often lack the proper knowledge about diabetes technology and
displayed a number of disheartening responses from PCPs in Colorado and Utah when asked about
CGM (Bhide et al., DT&T 2013): "I don't think it's evidence based"; "I have never seen it"; and "I
don't have documentation to prove it's accurate and I don't know about the cost." Dr. Garg suggested
that improving CGM implementation starts with revising the diabetes curriculum in medical school
and primary care residency.

▪ There is no way we can improve care by spending double the time with patients, he
remarked. PCPs spend on average just 21 minutes per visit and in the best-case scenario, explained
Dr. Garg, patients will spend four hours per year with an endocrinologist. This pales in comparison
to the 8,756 hours of self-management. He believes that this difference underscores the need to find
technologies that patients can use to reach their goals.

Questions and Answers

Dr. Ken Ward (Oregon Health & Science University, Portland, OR): I am equally concerned
about the problems with knowledge in terms of PCPs. One of the things we do at OHSU is use
nurse practitioners trained in diabetes.

A: That's excellent. Three of the universities - ourselves, Minnesota, and Joslin - we are thinking of creating a
one-year diabetes fellowship starting next year. There is a huge need in this area, but I agree 100%, the answer
lies with the nurse educators.

USING MOBILE HEALTH TO PREVENT DIABETES AND CARDIOVASCULAR DISEASE

Lora Burke, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. Lora Burke talked about how technology can promote self-monitoring of diet and physical activity.
Previous studies have shown that when adherence rates decline dramatically over time, though adherence
seems higher with technology-based diaries rather than paper logs (Burke et al., Am J Prev Med 2012). Dr.
Burke and her colleagues are currently studying a smart-phone-based self-monitoring software in people
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who are trying to maintain weight loss. The study's first 18 patients had relatively high rates of adherence
at one year: 66-100%. Several dozen more patients will be studied before the grant ends in two years. Dr.
Burke plans to use this study's data to augment the self-monitoring software with automated feedback - a
feature that has been shown to enhance behavior change (Burke et al., Am J Prev Med 2012). We are curious
to see how these technologies might ultimately be related back to changes in health, which does not seem to
be an emphasis of the study so far; during Q&A, Dr. Burke said that the researchers have focused on
adherence to self-monitoring rather than actual weight loss.

Questions and Answers

Q: What is the timeline of the study you are working on?

A: The first group just finished. There are 150 patients total, but we are doing relatively small groups at a time
because the intervention is so intense. The grant ends in two years. However, because every group is so
different, we plan to start publishing reports this fall. There is a lot of data. It's not an efficacy trial, so we are
adjusting as we go.

Q: For the 18 patients who completed the study in the first year, what was the weight loss?

A: We have looked at that, but we are so focused on the ecological momentary assessment [phone-based self-
monitoring], that I can't tell you here.

ADVANCING PATIENT ENGAGMEENT VIA EHEALTH

Erin Poetter Siminerio, MPH (Office of the National Coordinator for Health Information
Technology, Washington, DC)

Ms. Erin Poetter Siminerio spoke passionately about advancing consumers' use of electronic health tools.
She focused especially on Blue Button, a program that allows patients to electronically access their clinical
and claims data. Since it was begun in 2010 by the Department of Veterans Affairs, Blue Button has been
adopted by other federal organizations (e.g., Department of Defense, CMS) and major private insurers (e.g.,
Aetna, United), so that 88 million Americans can now download their data. Blue Button is now run by the
Office of the National Coordinator for Health Information, and an updated iteration (Blue Button Plus) was
launched in February 2013. Ms. Siminerio and her colleagues are working creatively to encourage the use of
Blue Button and other electronic health tools by patients, healthcare providers, and major healthcare
companies: one ongoing effort is to develop open-access graphical templates so that health data can be
viewed in more user-friendly formats. We appreciated Ms. Siminerio's emphasis on empowering patients
with their healthcare data (emphasis hers), and we resonated strongly with the Eliot Joslin quote on her
conclusion slide: "The patient who knows the most lives the longest."

Questions and Answers

Q: It is extremely challenging to get information about insurance companies' formularies. Will
there be a way for patients to get this information?

A: We are not quite there yet; our current focus is still driving adoption of the current system.

Q: There are a lot of companies in this building that view device data as their strategic
advantage and have put up a lot of walls on giving patients this data. How might we make
better progress on getting this data into developer's hands, so that we can have actionable
information?

A: There is a growing movement from many patients. I have heard a lot of interest, and I think some
institutions are opening up. Consumers play a powerful role.

USING TECHNOLOGY FOR THE PREVENTION AND TREATENT OF DIABETES

Ruth Weinstock, MD, PhD (SUNY Upstate Medical University, Syracuse, NY)

In this presentation on telemedicine for diabetes management, Dr. Ruth Weinstock reviewed several studies
in which her clinic has used phone- and computer-based interventions to improve patients' health. With the
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randomized, controlled IDEATel study, Dr. Weinstock and colleagues used a simplified computer interface
to hold videoconferences with patients in underserved areas of New York City (n=775) and upstate New
York (n=890). Encouragingly, the telemedicine intervention helped these old, ethnically diverse patients to
meet personal health goals, reduce their A1c, and improve across a variety of other health and psychosocial
outcomes (Weinstock et al., Diabetes Care 2011). Dr. Weinstock's most recent effort has been the SHINE
Study, results of which were announced earlier at ADA 2013. In SHINE, the Syracuse team found that
phone-based implementation of the Diabetes Prevention Program led to significant two-year weight loss,
with better weight-loss maintenance in patients who received group-based calls rather than individual calls.
In her conclusion, Dr. Weinstock suggested that future telehealth efforts should identify which patients are
likely to benefit most from telemedicine, focus on people with the highest burdens and barriers to care,
shape technologies to match patient needs, determine cost-effectiveness, and integrate telehealth into
routine electronic medical records.

Symposium: Intensifying Therapy Using Technology and Teams

REDUCING CLINICAL INERTIA THROUGH AN INSULIN CLINIC

Susan Cotey, RN, CDE and Andrea Harris, RN, CDE (Cleveland Clinic-Stephanie Tubbs Jones
Health Center, East Cleveland, Ohio)

Ms. Susan Cotey and Ms. Andrea Harris described the weekly insulin clinic that they began at their family
health center last summer, in an effort to address their high prevalence of people A1c greater than 9.0%
(discouragingly, this is roughly 30% of the center's diabetes population). Every week, the clinic is open for
30-minute, one-on-one free visits with patients who have been referred by primary care doctors. The clinic's
goal was to identify patients requiring frequent insulin adjustment by PCPs, and to reduce clinical inertia.
The clinic is an adjunct to, rather than a replacement for, diabetes education and visits with doctors. (For
example, any dose adjustments must still be made by the doctor, and no standing algorithms are allowed.)
Still, by encouraging patient engagement and reducing clinical inertia, the clinic staff has achieved amazing
early success: of 24 patients who visited the clinic between July 2012 and March 2013, mean A1c dropped
from 11.4% to 8.6%! The presenters noted that these data are from a small, uncontrolled, short-term
intervention, but they certainly seemed happy with the results so far. Ongoing assessments of the clinic's
success will include A1c change as well as patient satisfaction, provider satisfaction, and a decrease in visits
to the hospital and emergency room.

Symposium: Closing the Communication Loop - Technology Update in Pediatric Diabetes

USE OF SOCIAL MEDIA IN PEDIATRIC DIABETES

Joyce M. Lee, MD, MPH (University of Michigan, Ann Arbor, MI)

Dr. Joyce Lee (also known as @joyclee) discussed the use of social media by healthcare providers, with a
focus on Twitter. She opened with a description of the various popular social media modalities, highlighting
Twitter as a microblogging platform with a wide potential for providers. Following a review of the basics of
Twitter (e.g., how to open an account, terminology definitions) and some precautions (looking to preserve
patient confidentiality, she referenced the Mayo Clinic's 12-word social media policy: "Don't lie, Don't pry,
Don't cheat, Can't delete, Don't steal, Don't reveal"), Dr. Lee detailed the many potential benefits, including:
using the modality as a way to inform research (she noted that personal connections made over Twitter had
previously provided her with information to aid in her research), to translate one's results to a wider
population (many details important to patients often remain hidden away in academic journals), and to
enhance one's reputation as a scholar (she noted that successful networking can often lead to new
opportunities in one's career). Importantly, she also suggested the medium as a way to stay connected with
the patient community and gain insight into the average patient's daily life outside of the clinic.

IMPORTANCE OF INTERPERSONAL COMMUNICATION

Sarah Jaser, PhD (Vanderbilt University, Nashville, TN)
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Dr. Sarah Jaser highlighted the centrality of communication in medical care, particularly in pediatric
diabetes. Discussing parent-child communication first, she noted that family functioning and
communication are strongly linked to both glycemic control and psychosocial functioning of children with
diabetes. In particular, data from studies have demonstrated improved quality of life, less depression, and
improved glycemic control when parents utilize positive parenting behaviors such as child-centered
communication (i.e., parent displays an awareness of a child's needs, moods, interests, and capabilities) and
positive reinforcements. Similarly, studies have found that the quality of provider- patient communication
has a significant impact on patient adherence. In one study, the odds of patient adherence was 2.16 times
greater when the physician was rated as a good communicator. Dr. Jaser identified time, culture, health
numeracy, and stress as important factors that affect communication. With regards to interventions, she
noted that several interventions have proven effective at improving communication within families
(diabetes behavioral system therapy, WE-CAN problem solving interventions, coping skills training) and
between patients and providers (training that focuses on collaborative communication, empathy, and
improved attitudes toward psychosocial issues). In closing, Dr. Jaser expressed optimism for the use of
technology to improve communication in pediatric diabetes, and she pointed to the importance of continued
research on current patient uses of technology as well as ways in which to make technology more personal
(more emotional, motivational) to deliver effective technology solutions.

Symposium: ADA Education Recognition Program Symposium - Making a Case for Diabetes
Education - The Use of a National Diabetes Education Database

INTRODUCTION

Linda Siminerio, PhD (University of Pittsburg Medical Center, Pittsburg, PA)

Dr. Linda Siminerio began by remarking that America is entering an era of accountable care. With annual
healthcare costs at a staggering $2.5 trillion, Dr. Siminerio called for increased collaboration and incentives
for quality care. She noted that with the new Affordable Care Act provisions, patients will make decisions
about what services to use based on increased available information. Patients, she explained, are going to
be concerned about the quality of services they are receiving. She emphasized that educators are going to
"shine" in strengthening community health centers, where they will spend hours with patients. Dr.
Siminerio additionally underscored that educators are going to "be graded whether we like it or not"
because decisions about education use and reimbursement should be based on analysis of education
outcomes - not made arbitrarily by Medicare, as in the past. She argued that an education national care
report is necessary so that educators can act proactively. Indeed, Dr. Siminerio posed the question:
Shouldn't we be ahead of the game?

CHRONICLE DIABETES - THE TRACK TO IMPROVED DIABETES EDUCATION DATA

Paulina Duker, MPH, RN, BC-ADM, CDE VP (Diabetes Education/Clinical Programs at
American Diabetes Association, Alexandria, VA)

Ms. Paulina Duker provided a detailed history and description of Chronicle Diabetes, an online software for
documenting diabetes self-management education. Chronicle was developed in 2011 by the University of
Pittsburgh and Flipside Media as a way to improve the process of education, which was being sought by
only 10-15% of patients despite association with better outcomes and (partial) reimbursement. The
program's core objective set includes increasing engagement among patients, improving population health,
and ensuring privacy. The long-term impact of course remains to be seen, but the system is being used in 47
states, and patients and providers are increasingly using Chronicle to facilitate educational efforts.

▪ The features of Chronicle aim to meet a core set of objectives. These objectives include
patient engagement, improvements in care coordination, improvements in public health,
improvements in quality, safety, and efficiency, and guarantee of privacy and security for protected
health information (PHI). Chronicle helps to achieve these core objectives through features such as
patient portals, snapshot reports, and active medication lists. Ms. Duker especially underscored
filter reports, which allows HCPs to create focus groups for specific populations. She also noted that
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Chronicle's password access protects patients by allowing only credentialed staff to access
information.

▪ Ms. Duker discussed the increasing adoption of the Chronicle system, remarking that
data points for many levels of evaluation have at least doubled in the past year, including A1c levels,
lipid levels, foot exams, blood pressure data, and goals. Ms. Duker focused on Chronicle's impact on
goal sets - behavioral goals for diabetes patient - because she believes that Chronicle is the only
system for documenting goals associated with diabetes education. She noted that these increases in
data allow HCPs to determine if subjective observations in practice are real in analysis. Ms. Duker
also emphasized that patient registration had doubled to about 600 in the past year even though the
number of registered sites did not significantly increase. Chronicle is currently used in all states
except for Rhode Island, South Dakota, and Utah, which Ms. Duker explained might be because only
a few education sites are registered in those states. Additionally, she noted that rural sites, with
approximately 65% of total sites, are using Chronicle more than urban and suburban sites.

IMPACT OF DIABETES EDUCATION IN ADA RECOGNIZED PROGRAMS AS EVIDENCED IN
CHRONICLE DIABETES

Janice Koshinsky, MS, RD (University of Pittsburgh Medical Center, Pittsburgh, PA)

Dr. Janice Koshinsky began by expressing some surprise that few people in the audience indicated their use
of Chronicle Diabetes. She recognized the initial time investment but encouraged the audience to really try
using the program to see its benefits firsthand. Through the course of the talk, Dr. Koshinsky explained how
various components of Chronicle Diabetes help practices meet ADA Diabetes Self- Management Education
(DSME) and Diabetes Self-Management Support (DSMS) standards, showing where applicable, the
physical display of the program's user interface that facilitates meeting these standards. In particular,
Chronicle Diabetes appears best suited to collect data for ADA Education Standards categories six through
ten, which are defined as providing a written curriculum (with a criteria for evaluating outcomes), an
individualized education and support plan, follow-up for ongoing self-management and support, and data
on patient progress and quality improvement. Dr. Koshinsky sees meeting these standards as an excellent
way to justify an educator's program to administrators. Though her own sample of patients did not
comprise a meaningful sample size, she did see small improvements in her patients' A1c levels. While she
extolled the benefits of Chronicle Diabetes, Dr. Koshinsky did make special note that "the data is only as only
as good as you input it."

CHRONICLE DIABETES - WHAT IT CAN AND CAN'T TELL US ABOUT PATIENTS RECEIVING
DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT

Jing Wang, PhD, RN (University of Texas Health Science Center, Houston, TX)

Dr. Jing Wang presented data from Chronicle Diabetes gathered from ADA Recognized Programs in order
to demonstrate the benefits and potential of the system. Chronicle Diabetes is a diabetes self- management
education (DSME) tool for providers and patients that also collects patient information, patient reports,
education documentation, and follow-up information. She demonstrated the importance of DSME and
diabetes self-management support (DSMS) through information in the Chronicle Diabetes database. Dr.
Wang showed that pre-DSME, 69.5% of patients recorded an A1c over 7%. After DSME group, only 46.3% of
patients recorded an A1c over 7%. Moving forward, Dr. Wang expressed interest in better operationalizing
the collection of DSMS data, which is currently only collected from open text fields, compared to DSME data
that is collected from a number of entry fields.

PANEL DISCUSSION

Linda Siminerio, RN, PhD (University of Pittsburgh Diabetes Institute, Pittsburgh, PA);
Paulina Duker, MPH, RN (American Diabetes Association, Alexandria, VA); Janice Koshinsky,
MS, RD (University of Pittsburgh Medical Center, Pittsburgh, PA); and Jing Wang, PhD, RN
(University of Texas Health Science Center, Houston, TX)
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Q: Thank you for the demonstration of how powerful the Chronicle database can be. One piece
that is missing from all the databases is the data on patients who are not coming for DSME. Do
you have any ideas on how to capture that larger group of people out there?

Ms. Duker: Your guess is as good as mine - I don't know exactly what to do. We know that folks are not
showing up. Specific to ADA, and this is really just in the association, we have ways outside of Chronicle of
knowing what is going on with diabetes. We have a national call center, and we try to catch data through that
when people call in. I don't have one way to answer the big gap we have. We take any opportunity to gather
data that we have. We also have high-risk programs. One thing we do with that is gather pre- program data
that looks at what people eat and how they live, and then we ask the same questions post- programs to see
what has changed. However, this still does not capture all of the data.

Q: I think it's clear that we all need to document our outcomes; that's how we get insurance
support and job security. As the coordinator of three sites, I deal with duplicate tracking
fields, and no one has time to enter in the data twice. Can we have an incentive from the ADA
to enter this data? Could we get discounts or get sent to Hawaii? (Laughs)

Ms. Duker: I can say that ADA is willing to consider some kind of incentive for those who are using it. We are
careful to avoid saying that you absolutely have to use it, in case people have access to programs better suited
to their program needs. We've been looking at ways to reduce double entries. We have been working on it and
trying to make it as easy as possible. We're also looking at which databases are most widely used. We should
hold a focus group on what would be a significant enough discount.

Q: I use Chronicle, and I have a question about the report. The report gives a percentage for
the goals - what is that percentage?

Ms. Koshinsky: What shows up in the report is just a change. If the patient sets a goal and never follows up, it
does not show up on the report. However, if you enter a change, it will show up and the percentage is the
percent of the time that the patient is meeting the goal.

Q: I am an educator that has opened and closed out three ADA Recognized Programs. How can
ADA help us make sure that as part of internal medicine guidelines, we can get support
through referrals from physicians? I cannot start a program; I must work with an RD. When
can a nurse start a program?

Ms. Duker: In terms of a nurse not being able to bill for diabetes services, that's an age-old question and a
legislative issue. We advocate for it, but until the laws change we cannot do that. The most we can do right
now is say this is an important issue to consider.

Q: We've used the database we've been using for five years. If we want to use Chronicle, how
can we transfer our data?

Ms. Duker: You certainly can do that. We have systems in place for this. The first thing you need to do is
contact us and we put you in contact with our developer.

Q: What is the actual timing of getting the patient from the first line of entry to the last line?
We have not been able to take one person successfully from start to finish. How do I ask my
administrators to give us another person to help enter the data?

Ms. Koshinsky: Through a grant-funded project, I acquired a clerical person eight years ago for this process.
Then I lost her some weeks ago due to layoffs. I can say that the more used to the program you are, the faster
you go. I couldn't tell you exactly how long it takes. Because there's so much multitasking, it's hard to clearly
track our time on this. I don't think the registration portion is very lengthy. Once we have the education,
documenting on the back end probably takes 10 minutes a patient. Doing groups of patients lends itself to
improved efficiency in entering data.

Ms. Duker: I don't use Chronicle to document patient care every day. Take from that what you will. But when I
do, we're always thinking of ways to provide feedback from users and staff to improve the system with our
developers. The way Chronicle is now isn't going to be the Chronicle in six months.
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Q: I use EPIC; will we be mandated to use Chronicle?

Ms. Duker: No, we don't think we will ever mandate its use. Currently we have 20% of sites on the system. In
the future, we're looking to integrate with EPIC because it is so big.

Symposium: China Medical Tribune Symposium - Updating Diabetes Research in China - From
Bench to Real World

ONE-YEAR CLUSTER-RANDOMIZED TRIAL OF COLLABORATIVE CARE FOR TYPE 2
DIABETES COMPARED WITH USUAL CARE AT COMMUNITY AND HOSPITAL - A SHANGHAI
SAMPLE

Zhao Liebin, MD (Shanghai Jiao Tong University School of Medicine, Shanghai, China)

Dr. Zhao Liebin highlighted the importance of clinic-community collaborative care for diabetes in China. He
noted that the prevalence of diabetes in China has grown from 5.50% in 2010 to 9.70% in 2012, and that the
country currently has 94 million adults with the disease. He remarked that due to a weak primary care
system, patients often turn to community programs as a source of diabetes care and support. His group's
one-year trial evaluated the efficacy of clinic-community collaborative care vs. the usual care found in
either the community or hospital. The 415 type 2 patients (60-80 years old, baseline A1c ~7.0%) randomized
to the "collaborative care" group experienced several forms of diabetes support, including guideline-based
training, once-monthly telemedicine guidance, and a free blood glucose measurement at the clinic every
month (this was their only blood glucose assessment, as patients did not test at home). Those in the
collaborative group exhibited lower A1c and blood pressure levels at one year, and also demonstrated
improvements in blood glucose monitoring, healthy eating, foot care, and diabetes knowledge. These
benefits were also observed in those patients treated at the hospital, but not in those treated only in
community programs. During Q&A, Dr. Liebin remarked that even once-a- month blood glucose monitoring
appeared to make a difference for his patients - an unexpected and remarkable finding.

Questions and Answers

Q: I was particularly fascinated that these patients had rather good glycemic control. As I
recall, the baseline A1c was around 7% or a little less. Yet with a very modest intervention - it
seems as though blood glucose testing was essentially done once-monthly at the clinic - you
were bale to get a small by appreciable reduction in A1c. This is a very nice model for providing
what we in the US might think of standard care, in an enthusiastic fashion with actual outcome
benefit.

A: These patients did have a good A1c. We were very luck to have gotten those patients. Our acceptance
criteria did not include an A1c cutoff. However, we chose the community; our community is the best-
controlled community in Shanghai. Also, there are not newly-diagnosed patients. These patients have been
cared for by a general practitioner or specialist so maybe they have a good start. We just gave once a month
blood glucose monitoring. But I'm very excited - we think that if we can just give blood glucose monitoring
once a month, they can have a good result. Although A1c doesn't change much, it does change. Maybe in
general, we have given patients too serious rules to monitor their blood glucose levels. With monitoring only
once a month, we have seen changes.

Comment: That's very interesting. The intervention was probably not just testing blood
glucose levels - by asking them to come into the clinic once a month, you're reinforcing
awareness of diabetes.

Q: Do the patients learn how to test their blood glucose at home and if so, how frequently do
they do it?

A: They only tested in the clinics but not in their homes.

Q: Regarding your patient program, was it difficult to get people to come into the clinic if these
patients are working? People who are retired have the time to come in, but for patients who
are still working, how do you attract them to your hospital for training?
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A: The average age of the study cohort was nearly 60 years old. A lot of them are retired in their community.

Q: What percentage of your patients were treated with insulin?

A: Maybe less than 10% in the study population I think.

Symposium: What Influences Patients' Risk Perception and Decision Making for Diabetes
Prevention and Control?

RISK COMMUNICATION AND DECISION MAKING FOR DIABETES PREVENTION AND
CONTROL BEHAVIORS IN THE SOCIAL NETWORK

Julie Downs, PhD (Carnegie Mellon University, Pittsburgh, PA)

Dr. Julie Downs gave an entertaining presentation on the difficulties of communicating risk. To set the stage
for her presentation, she noted that people must face and try to control many risks, which limits the time
and capacity they have for information. Thus, different interest groups much compete for people's attention.
Dr. Downs then painted a picture of the special challenge people face when trying to convey the risk of type
2 diabetes: the prevalence of type 2 diabetes can cause it to seem more normal and mundane. Often groups
use online risk calculators to try and make people more aware of their risk for developing a disease like type
2 diabetes; however, Dr. Downs' research has demonstrated that the largely quantitative feedback these
tools provide does not affect their perceived risk. Dr. Downs recommended providing people with
quantitative and qualitative explanation of their risk; however, Dr. Downs did not offer concrete action
steps on how to improve risk communication. We hope that additional research will provide insight on how
communication can be more effective, such that next future presentations will offer more actionable steps.

Questions and Answers

Q: If you could possibly communicate to someone that they are at a higher risk it does not
mean they will change their behavior. How do we get patients to go to the first meeting of the
National DPP? What do you think are the chances we could get people to do that?

A: There has been a lot of research on trying to incentivize these long-term behaviors. There is some success.
If you can try to get a habit going with a financial incentive - that can sometimes help over time.

Q: I am wondering if we know about subsets of people for whom these interventions might
work?

A: There has been research on optimists - people who are more positive about their health than they should
be; those people who if you give them the chance to read a brochure on smoking or eating well, they will pick
the brochure that reaffirms what they are already doing well. I don't know of any research on who will
respond to your message.

Comment: I am thinking of all the money spent on risk communication. There has to be a
paradigm shift. People have to start engaging with the evidence - that risk communication
does not seem to work.

A: I think it is a really interesting way of thinking about the world that we are living in. When you take a step
back and look at what we are doing, we are putting the burden on the individual to overcome enormous
barriers. Communication has its place but it is pretty hard to ask people with their own little brain to fight
against the whole world.

DIABETES RISK ASSESSMENT TOOLS - USE AND PERFORMANCE

Shu Chuen Li, PhD (University of Newcastle, Callaghan, Australia)

Dr. Shu Chuen Li catalogued the diabetes risk assessment tools currently in existence. He included 17 tools
designed for screening for type 2 diabetes and IGT, and 24 tools for predicting risk of developing type 2
diabetes. These tools varied in the sample size used to develop them (from n=100-2,540,753), in the time
frame for the risk assessed (2.5-20 years), and in their predictive performance. Selectivity ranged from 40%
to 97% and specificity from 24% to 86%. Dr. Li noted that these tools tend to have poorer performance when
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used in populations that differ from that used in their development. We would have been interested for
greater discussion on what Dr. Li considers to be the best and worst tools for which people/purposes. Dr. Li
might have opted to not do this because, as he noted in his conclusion, there is limited direct comparisons
between different screening tools. We also believe that cost- effectiveness information would have been
particularly interesting in this discussion.

Questions and Answers

Q: This is very pragmatic on my part: if what you want to know is someone's risk for type 2
diabetes and why you want to know that is to decrease their weight and reduce their risk of
diabetes, how accurate does the screen need to be?

A: You do not want to scare off everyone. This is a question we need to do more research on. It is not as clear-
cut as measuring an external action.

Q: I hope I did not miss this. Did you find any differences in terms of the tools' accuracy in
predicting diabetes by gender?

A: Some of them have differences and some of them don't.

Q: What is being used in Africa?

A: We do not find any of the tools there.

Q: Why? I have seen a number of presentations on the amount of need in Africa. Why are we
not having a major presence there?

A: Unless they are published in other languages that we did not look up, they were not there. Sometimes if the
articles are from developing countries they might not get published easily. That is a bias that exists.

DOES KNOWLEDGE OF GENETICS OR FAMILY HISTORY OF DIABETES INFLUENCE
PREVENTION OR CONTROL OF BEHAVIORS?

Theresa Marteau, PhD (University of Cambridge, Cambridge, UK)

Dr. Theresa Marteau argued that understanding the genetic risk of developing diabetes does not change
patient behavior. Companies that provide genetic testing have high expectations that it will promote
behavioral change in patients. Further, 71% of patients without diabetes said that they would be more
motivated to make a lifestyle change if they knew they had a high risk for diabetes (Grant et al.,
Diabetologia 2009). However, said Dr. Marteau, patients do not act on their risk. Dr. Marteau presented a
selection of studies that demonstrated that individuals who know they have increased risk for disease do act
not differently than those without a risk of disease (e.g., Bloss et al., New England Journal of Medicine 2011).
She posited that patients may have either: 1) a low motivation to change; or 2) a high motivation to change,
but they never got around to it. Though Dr. Marteau did not feel knowledge of genetic risk could motivate
behavior change, she did highlight the important impact that changing individual behavior or changing the
environment around an individual can have on disease risk.

Questions and Answers

Q: I wonder if part of the problem is on our side. Maybe the patient does not understand the
risk that we are seeing. Maybe we should think about how we present this risk.

A: We can go around fiddling around with the presentation of risk. However, studies have shown that risk
presentation has such a small impact on the behavior. The results I presented here are not surprising. We
need to look at the automatic processes of the behavior. It is most unlikely that risk presentation will be the
solution.

Q: Is there any evidence that you can change behavior with more intensive interactions in very
high-risk populations?

A: The PROACTIVE (Prevention and Reduction of Obesity Through Active Living) trial was a family- based,
intensive intervention to increase exercise. It was no more effective than providing people with a leaflet, in
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terms of increasing exercise. It's a tough message to understand that however much we want information to
change behavior, the research shows that won't happen.

Q: What about the education of young children?

A: I am not aware of trials in this area, so there may be evidence in this field, but I am skeptical.

Comment: I do not think people understand the risk being presented to them. I think before
anyone writes-off the presentation of risk information in behavior change, you need to ensure
that patients understand this information.

A: We have done a lot of work to ensure that people understand the risk. It is not a problem of people
understanding risk. It is about people sustaining change, and that is extremely difficult. There is no evidence
that changing the understanding of the risk will change the way that individual changes behavior. The
problem is thinking that understanding risk changes behavior. It doesn't.

Symposium: A Brave New World - Self-Management Support in the Community

PARENT PERCEPTIONS - WHO CAN DELIVER DIABETES CARE IN THE SCHOOL?

Kimberly Driscoll, PhD (Florida State University College of Medicine, Tallahassee, FL)

Dr. Kimberly Driscoll presented results that demonstrated parents of children with diabetes were satisfied
and perceived the school to be safe for their children. Dr. Driscoll specifically focused on whether
perceptions varied if states allowed trained, non-clinical assistants to administer insulin and glucagon -
some states require that nurses are the only ones allowed to deliver this care. Dr. Driscoll presented results
from a survey that took place in Texas, Colorado, Massachusetts, and Pennsylvania. The first two states
listed allow non-clinical assistant care and the second two do not. The data were controlled for race, A1c,
and diabetes duration. Parents perceived similar safety and had similar satisfaction between schools that
allowed non-clinical personnel to administer care and those that did not. Similar satisfaction was observed
for after-school hours as well. Further, parents were satisfied with the care provided by both nurses and
trained school personnel, and parents ranked teachers as the first person they would like trained on
diabetes care (regardless of whether or not the state allows it). The number of high and low blood glucose
levels did not differ significantly between the states with different laws. Additionally, parents from both
groups had similar beliefs on who administered insulin and who treated blood glucose levels, with the
school nurse being the most likely person to treat both high and low levels of blood glucose. Interestingly,
however, all parents also believed that when a wrong dose was given, it was likely the school nurse. Dr.
Driscoll argued that, based on similar satisfaction from parents in all states, properly trained school non-
clinical assistants should be allowed to provide routine and emergency care to children with diabetes.

Questions and Answers

Q: How does a parent treat high or low glucose levels when their child is in school?

A: Some parents go to the school and give the doses themselves. Other parents have the school call them at
work, and the parent will advise on insulin doses over the phone.

Q: Has any state incorporated diabetes education into the basic curriculum for students?

A: Actually, I'm not sure about that. That is a good question.

PEER SUPPORT AND DIABETES SELF-MANAGEMENT - LESSONS FROM PEERS FOR
PROGRESS

Edwin Fisher, PhD (University of North Carolina School of Public Health, Chapel Hill, NC)

To set the stage for his presentation, Dr. Edwin Fisher highlighted that patients spend perhaps six hours a
year out of their available 8,766 hours in a clinic with a physician. This underlies the fundamental need for
social connections and support in diabetes education and self-management support outside of the clinic. The
strengths of peer supporters include that they have the ability to share the perspective and experience of
those they help, that they are well-situated to implement basic self-management plans, and most
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importantly, that they have time to interact more extensively with patients than healthcare providers.
Citing a systematic review of peer support interventions, 66 studies taken between January 2000 and May
2011 indicate that peer supporters had a positive impact in 83% of the study populations. A review of 14
diabetes peer support studies showed that after diabetes peer support program implementation, mean A1c
decreased from 8.63% to 7.77% (p=0.001). The results suggest that peer support for diabetes self-
management is feasible (peer support was successfully implemented in all 14 sites) and can result in
treatment improvements. Dr. Fisher also demonstrated that the return on investment for peer support
programs in Denver was 2.28:1.00. He noted fewer costs related to urgent care, inpatient care, and
outpatient care and greater utilization of primary and specialty care visits (Whitley et al, J Health Care
Poor Underserved 2006).

▪ Dr. Fisher reminded the audience about the challenges of translating successful US
peer support models to other countries. Using his Peers for Progress program as an example,
he explained that a consultation from 20 countries in the World Health Organization led him to
adjust the peer support model's key functions to fit specific cultural contexts. The key functions of
peer supporters in diabetes self-management include 1) assistance and consultation in applying
management plans in daily life; 2) social and emotional support; 3) linkage to clinical care; and 4)
ongoing support extended over a longer period. Additional functions include the need for applying a
person-centered, nondirective approach to diabetes self-management that emphasizes patient
empowerment, focuses on behavior instead of clinical management, and addresses health within the
context of individuals' values, commitments, and roles.

Symposium: Exercise as Adjunct Therapy for Insulin Sensitivity and Diabetes

WHAT IS THE MINIMAL AMOUNT OF EXERCISE I HAVE TO DO?

Ronald Sigal, MD (University of Calgary, Calgary, Canada)

Dr. Ronald Sigal began with a humorous comparison of the talk's title to the question, "What is the minimal
amount of smoking I can still do? The current ADA/ACSM guidelines (which Dr. Sigal helped author)
recommend at least 150 minutes a week of vigorous aerobic exercise, as well as resistance training two to
three times a week. Admitting that this can seem like a lot to patients in need of any lifestyle intervention, he
asked what the least a patient can get away with would be for clinically meaningful outcomes across
mortality, CVD, fitness, A1c, and quality of life. Evidence from a large cohort study of 416,175 assessed in
Taipei with an eight-year follow-up suggests that each additional 15 minutes of physical activity a week is
associated with a 4% reduction in all-cause mortality (Wen et al., Lancet 2011). The best evidence, according
to Dr. Sigal, comes from the randomized controlled DREW trial, which randomized 464 sedentary,
postmenopausal, overweight or obese women with a BMI between 25 and 43 kg/m2 into a control group
(that participated in light stretching exercises), a group that engaged in half the ADA-recommended
physical activity level, a group that engaged in the ADA- recommended level, and a group that engaged in
twice the ADA-recommended level of physical activity. Both completion and adherence rates through this
trial were very high by the end of the six-month intervention. Where the study concluded that the three
physically-active groups achieved a dose- dependent increase in fitness and decrease in cardiovascular
disease risk, Dr. Sigal underlined that even the group that engaged in half the ADA-recommended level of
physical activity saw gains in quality of life. Dr. Sigal interpreted the studies reviewed to mean that 75
minutes of vigorous physical activity a week can still yield clinically meaningful improvements in outcomes.

Questions and Answers

Q: What is the minimal amount of exercise?

A: The studies didn't go down to five or ten minutes. It's probably okay to say that there is some value to any
level of physical activity.

Q: What are your thoughts on high intensity interval training on diabetes or prediabetes,
because it doesn't take much time at all?
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A: There aren't studies of 100,000 people on this. It's probably the most effective for cardiorespiratory fitness,
but most people obese might not find that kind of exercise appealing.

Q: What is the maximum level of physical activity recommended?

A: Beyond 300 minutes/week you're getting diminished returns.

Q: Asians have a different mechanism for type 2 diabetes. Do you know any study showing a
benefit to particular kinds of exercise for this group?

A: Not off the top of my head, but Chinese and Japanese studies show equal efficacy for aerobic and resistance
training.

Q: Do you advise 30 minutes a day, or is 10 minutes spread three times a day okay?

A: It is definitely at least as good, certainly not worse off.

Q: What about non-exercise activity thermogenesis?

A: There's a whole enterprise of standing desks, and there's no doubt that spending the day on your feet burns
more calories. Both this and traditional exercise are valid approaches.

Q: Is there a loss of protective effect after adherence falls?

A: Those that are fit and then became unfit do not fare as badly as those unfit who never get fit.

Symposium: Current Concepts in Nutritional Epidemiology and Metabolic Risk

OVERVIEW OF NUTRITIONAL POLICIES TO REDUCE METABOLIC RISK

Dariush Mozaffarian, MD, DrPH (Harvard School of Public Health, Boston, MA)

Dr. Dariush Mozaffarian's major critique of federal and state nutritional policies to reduce the risk of
developing metabolic disease was that most policies appear to be based on conventional yet outdated
wisdom regarding the foods we eat. Instead, he believes that policy should be based on what the research
tells us - we should "not simply eat less, but also eat better" by focusing on improving carbohydrate quality
and reducing the extent of food processing. Though Dr. Mozaffarian did not have enough time to specifically
assess each individual nutritional policy strategy, he provided an evidence- based, high-level review. He
strongly believes that certain policies have tremendous potential for the prevention of metabolic disease.

▪ Following conventional wisdom about fats and calories is flawed, but it continues to
guide nutritional policy throughout the country. He noted that many people still believe that
the only things that controls weight are caloric intake and energy expenditure. But by that logic, Dr.
Mozaffarian pointed out, skipping breakfast should help people lose weight and become healthier,
which is not the case. Every restaurant across the country will soon be required to post caloric
information about the foods they serve; however, Dr. Mozaffarian said this directly contradicts what
we know about calorie counting. An ounce of nuts is 165 calories, but a six-ounce coke is 120
calories. Counting calories isn't the end-all-be-all, he explained. Whole milk has been banned in
schools in order to reduce fat consumption, which leaves students to choose between chocolate and
skim milk. Though fats from dairy have been shown to have little to no effect on weight gain,
chocolate milk contains as much sugar as many soft drinks.

▪ A number of policy strategies have been identified that have great potential to improve
people's diets. In the workplace, comprehensive worksite wellness programs for diet, activity, and
tobacco as well as increased availability of healthier options and/or strong nutritional standards
have been shown to be effective. Experimental studies of tax incentives to increase prices of less
healthful foods and beverages have been shown to affect consumer behavior positively. Restrictions
on ads and marketing of less healthy foods and drinks to children on television, and near schools
and public places, have had success as well. Interestingly, mandated nutrition facts with front-of-
pack labeling and icons have been shown to influence industry behavior but not necessarily
consumer behavior.
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▪ However, many policies that have been extolled in recent years have demonstrated
less than promising results. Restricting availability to vending machines in schools and
workplaces has not appeared to affect consumer behavior. Promotion of water use alone, rather than
promotion of water use as replacement for sugary beverages, has not been successful, said Dr.
Mozaffarian. Surprisingly, increased availability of grocery stores and reduced availability of
convenience stores and fast food restaurants near homes have had mixed success in changing
consumer behavior, leading many to question whether such a financially challenging endeavor to
correct these imbalances is justified.

BEHAVIORAL ECONOMIC NUTRITION INTERVENTIONS TO REDUCE METABOLIC RISK

Anne Thorndike, MD (Massachusetts General Hospital, Boston, MA)

In her presentation, Dr. Anne Thorndike applied the theory of behavioral economics to explain how people
decide what to eat and how they can exercise healthier decision-making. The theory acknowledges that
individuals do not always know what is best for them, tend to default to the status quo, and are most easily
motivated by short-term rewards. Dr. Thorndike's team tested this idea by labeling foods at the
Massachusetts General Hospital cafeteria based on their nutritional value. They also re-organized the
shelving so that the healthier items were easier to reach. These changes led to a significant increase in the
number of green-labeled healthy items sold, and a concomitant decrease in the purchase of red-labeled fatty
or sugary items. Dr. Thorndike then discussed other potential methods to incentivize healthy decision-
making, including financial rewards and social pressures. She noted that a successful intervention must go
beyond providing consumers with information, and must successfully prompt self-control. She argued that
the proper use of behavioral economics principles could represent a relatively rapid way to fight obesity
concurrently with health policy discourses, which tend to take longer to have an effect.

Questions and Answers

Q: Could the volume of food purchased have compensated for the healthier choices?

A: We didn't look at whether anyone lost weight based on this system. I'm sure some people would find issue
with how we did our labeling, but I think the important issue is that people did respond to these interventions.

Q: In your initial study, was there a financial disincentive bias for any of the products that may
have affected the results?

A: The bottled water was actually cheaper than the 20-ounce sodas, and the choices were fairly standard. I'd
say that the unhealthy beverages actually tended to be more expensive than the healthy choices.

HOT TOPICS IN NUTRITIONAL RISK FACTORS FOR TYPE 2 DIABETES

Robert van Dam, PhD (National University of Singapore Yong Loo Lin School of Medicine,
Singapore, Singapore)

Dr. Robert van Dam predicated his talk on the fundamental concept that dietary quality can have a
substantial effect on the risk of type 2 diabetes independent of energy balance and body fatness. Dr. van
Dam then demonstrated that diets that score higher for their "western pattern" (marked by increased
consumption of red meat, processed meat, French fries, high-fat dairy products, refined grains, and sweets
and desserts) significantly raise the relative risk of developing type 2 diabetes across overweight and obese
patients (van Dam et al., Ann Intern Med 2002). Predictably, diets low in red meat (particularly processed
meat) and high in unsaturated vegetable oils are associated with a lower risk of type 2 diabetes. In a four-
year study of three cohorts of US health professionals, an initially low red meat intake at one year that
increased to high intake by year four doubled the hazard ratio of risk of type two diabetes (Pan et al., JAMA
Intern Med 2013). In Asian populations, Dr. van Dam noted concern for high refined grain intake. Among
the Singaporean Chinese, an extra portion of noodles increases risk factors for high triglycerides by 8%,
glucose by 1.5% and insulin resistance by nearly 7%. An extra portion of rice per day increases the risk
factors for high triglycerides by 2%, glucose by 1%, and insulin resistance by 6%. In addition to dietary
consumption, meal patterns such as breakfast consumption may also be important for diabetes risk. He
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showed data indicating that men who don't consume breakfast daily are subject to a relative risk score of
1.27, compared to 1.00 for those who do consume breakfast daily (Mekary et al., AJCN 2013). There are
some foods for which the jury is either mixed or still out - Dr. van Dam called for further research on the
potentially beneficial components of dairy, coffee, chocolate, selected fruits and vegetables, whole grains
and spices.

Questions and Answers

Q: How much is this related to displacement of other items in the diet?

A: Rice is such a major part of the diet that eating more rice means you eat less of everything else. It's hard to
disentangle. For things like blueberries, that's less of a problem.

Q: What is the impact of socioeconomic status?

A: Most of these studies are on people of high socioeconomic status. We did some adjustments that did not
have much of an effect. Coffee is not clearly associated with socioeconomic status.

Q: What about poly-unsaturated fatty acids?

A: There is some suggestion that linoleic fatty acid is associated with lower risk of type 2 diabetes. This is
promising, but it is less established.

Q: Accessing ingredients for the Mediterranean diet is expensive in Asian countries. Can cold-
pressed coconut oil be a viable alternative?

A: It's difficult to fit beneficial foods into other established dietary patterns. Coconut oil is still high in
saturated fats. I'm not aware of its benefits because I have not worked in a population where its use is popular.

Symposium: Sleep - A Novel Behavioral Target in Diabetes?

IS DISORDERED SLEEP A BEHAVIORAL RISK FACTOR FOR TYPE 2 DIABETES?

Francesco Cappuccio, MD, DSc (University of Warwick Medical School, Coventry, UK)

Dr. Francesco Cappuccio began the symposium by discussing epidemiological evidence linking insufficient
sleep to risk for obesity and type 2 diabetes. Meta-analysis of existing observational studies shows that
insufficient sleep increases the risk of developing type 2 diabetes by almost 30%. Furthermore, he mentioned
that recent small-group crossover randomized control trials and gene regulation studies seem to confirm
the epidemiological findings. Sleeping less than six hours a night also increases the risk of other health
issues, including gestational diabetes, hypertension, and coronary calcification. Concluding his
presentation, Dr. Cappuccio noted that biologically plausible mechanisms exist to explain the association
between insufficient sleep, diabetes, and obesity. He did acknowledge a number of unresolved issues,
including how sleep data is collected and the duration of the effects of sleep deprivation.

▪ A wealth of data exists connecting insufficient sleep, obesity, and diabetes. Meta-
analyses of observational studies indicate that individuals achieving less than six hours of sleep per
night are at a 50% higher risk for obesity and 30% higher risk for type 2 diabetes (Cappuccio et al.,
Sleep 2008; Cappuccio et al., Diabetes Care 2010). Emerging evidence suggests that insufficient
sleep can also increase pregnant mothers' risk of gestational diabetes. In addition to epidemiological
and observational studies, there exists a small but growing body of interventional studies on sleep
and diabetes. A recent seven-patient randomized control trial showed that insulin sensitivity
decreased by 30% during periods of sleep restriction (Broussard et al., Ann Intern Med 2012).
Another study demonstrated that one week of sleep restriction led to changes in the transcription of
711 genes associated with sleep homeostasis, oxidative stress, and metabolism (Möller-Levet et al.,
PNAS 2013). Dr. Cappuccio also cited evidence that insufficient sleep might increase patients' risk
for hypertension, coronary calcification, and major adverse cardiovascular events.

▪ Biologically plausible mechanisms exist to explain the connection between insufficient
sleep and diabetes. Dr. Cappuccio hypothesized that insufficient sleep, through immune,
vascular, and hormonal mechanisms, increases individuals' risk of insulin resistance,
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hypercholesterolemia, and hyperlipidemia. These risk factors, in turn, lead to adverse outcomes
such as obesity, diabetes, and major adverse cardiovascular events.

▪ There are a number of unanswered questions in the field of sleep research. It is
important to determine whether diabetes is a cause or consequence of poor sleep, something that
only rigorous interventional and mechanistic studies can achieve. Dr. Cappuccio also expressed a
desire for longer-term studies on the effects of sleep. He mentioned that there are a number of
variables that must be considered in any sleep study, including sleep phases, quality of sleep, and
genetic determinants. The decision whether to directly assess sleep or rely on patient self- reporting
also has important implications.

Questions and Answers

Q: Have you looked into the effects of sleep apnea, which of course confounds a lot of obesity
issues?

A: I didn't mention it on purpose, because although it is frequent, it represents a low proportion of the obese
population. Perhaps apnea could explain part of the relationship between sleep and obesity, but we didn't
want to look at it exclusively in that way. We don't want to look at this in terms of 'fancy sleep issues' and a
population remainder that isn't affected by sleep. I think we should have a general discussion about sleep.

Q: What is the recommended amount of sleep needed in order to mitigate some of these risk
factors?

A: There isn't an agreed amount of sleep that is good for you. However if you take the epidemiological
association with regards to risk, I am quite confident that between six and eight hours per night shows no
change in risk for these factors. Risk appears when one sleeps below six or above eight hours.

Q: When a patient comes in, how do you assess their sleep? What questions should be asked?

A: It would be advisable to ask how much and how well they sleep, in addition to the standard battery of
questions. We want to be proactive and explore changes in sleep.

METABOLIC EFFECTS OF SLEEP INTERVENTIONS

Orfeu M. Buxton, PhD (Harvard Medical School, Boston, MA)

Dr. Orfeu Buxton emphasized the importance of sleep as one of the "three pillars of health" along with diet
and exercise. Dr. Buxton began his talk by elucidating some of the reasons that sleep deficiency might
increase diabetes risk. Evidence suggests that insufficient quantity or quality of sleep obtained relative to
that needed for optimal wellbeing can promote hunger and unhealthy eating, while decreasing satiety,
motivation to exercise, and cognitive function. Furthermore, Dr. Buxton noted that sleep deficiency has been
found to significantly reduce insulin sensitivity (in hyperinsulinemic euglycemic clamp studies) and insulin
secretion (in an IVGTT study that enrolled patients who slept an established five hours/night). The second
half of Dr. Buxton's talk focused on the metabolic consequences of sleep restriction and circadian disruption.
The central and peripheral circadian clocks dictate sleep schedules using information from environmental
cues (such as meal timing and light-and-dark cycles). Dr. Buxton's study of a forced circadian disruption
(consecutive four hour delays in sleep each day) demonstrated a reduced resting metabolic rate (-8 ± 7%,
p<0.0001), which would produce an approximate 10-pound weight gain in a year. The participants also
developed postprandial hyperglycemia, with delayed beta cell recovery, which Dr. Buxton believes is
mechanistically linked to an increase in cortisol levels. Finally, Dr. Buxton emphasized socioeconomic,
cultural, career, technological, and other environmental factors that influence sleep. Similar to
cardiometabolic disease, risk for sleep insufficiency increases with decreasing socioeconomic status and
education level. In studies of increased job strain - created by managers who were not open and flexible
toward work- family needs - employees showed a decrease in sleep duration along with a doubling of
cardiometabolic disease risk.
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SWEET DREAMS - SLEEP IN YOUTH WITH DIABETES

Michelle Perfect, PhD (University of Arizona, Tuscon, AZ/USA)

Dr. Michelle Perfect presented a comprehensive overview of the impact of sleep disturbances on glucose
control and daytime function in children with type 1 diabetes. Currently, recommendations regarding sleep
are not part of routine diabetes care despite evidence of sleep's impact on diabetes management. Dr. Perfect
presented a study demonstrating that youth with type 1 diabetes spend more time in stage N2 (lighter sleep)
and less time in short wave sleep (deep sleep), and are more frequently effected by apneas compared to
match controls. Significantly, reduced short wave sleep (SWS) is associated with poorer glucose regulation
and lower self-reported quality of life in adults. Sleep disturbances, including sleep disordered breathing
(SDB), sleep architecture anomalies, insufficient sleep, and poor sleep quality cause sleep fragmentation
and intermittent hypoxemia, which potentiate sympathetic nervous system activity and cortisol levels. Dr.
Perfect urged more screening for SDB in youth. She argued that even if not prevalent, SDB has a significant
impact on negative outcomes of glucose management. Dr. Perfect urged clinicians to be more aware of
complaints of daytime sleepiness that may affect functioning and interfere with self-care, quality of life, and
school performance. Finally, Dr. Perfect also relayed evidence that sleep extension in youth with type 1
diabetes may provide diabetes-related benefits.

▪ Dr. Perfect's cross sectional study examined sleep parameters and how those
correlated with glucose levels and daytime functioning. Youth with type 1 diabetes (n=50)
and no developmental, psychological, or neurological impairments were matched with controls from
the Tuscon Children's Assessment of Sleep Apnea (TuCASA) program on parameters of sex, BMI
percentile, and age. Participants were analyzed with CGM and actigraphy (a device for monitoring
sleep/wake cycles) for five days in a pediatric endocrinology clinic. Measures included a self-
reported sleep habits survey (sleep duration, daytime sleepiness, sleep quality, depressed mood),
diabetes management (A1c, blood glucose levels), parameters of actigraphy, and school records
(GPA, standardized test scores, attendance.)

▪ Even mild SDB appears to contribute to higher glucose levels and hyperglycemia in
youth with type 1 diabetes. Individuals with SDB (n=14) had significantly higher glucose levels
(208 vs. 170 mg/dl), greater percentage of time in hyperglycemic states (54% vs. 35%), and higher
average A1c levels. Additionally, they exhibited reduced life satisfaction, increased diabetes-related
worry, lower math and writing scores, and higher rates of parent-reported behavioral difficulties.

▪ Sleep extension in youth with type 1 diabetes may provide diabetes-related benefits. A
pilot study examining the potential benefits of sleep extension on diabetes management, glucose
control, teacher performance reviews, and behavioral rating showed promising results. Adding sleep
in youths improved glycemic control, with a mean decrease of almost 30 mg/dl in blood glucose
levels and a 10% reduction of time spent in a hyperglycemic state. In one case, a ten-year-old male
averaging a blood glucose level of 309 mg/dl extended sleep by 55 minutes a night and evidenced a
45 point drop in blood glucose-congruent with a clinically meaningful 1% reduction in A1c. This
clinical trial preview will be extended with more variables and a larger sample to see if randomized
sleep extension (compared to fixed sleep duration) will improve glucose control and
neurobehavioral functioning.

Questions and Answers

Q: How did you find these patients with sleep disorders? Did you screen them? Use a
questionnaire?

A: Most of the study was unfunded. All we said was do you know about your sleep? We said we wanted kids
that felt that they were well rested. When we talked to them, none knew that they might have a sleep disorder.
No one had prior diagnosis.

Q: How many of the kids were obese?
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A: Of those that had sleep disorder breathing, it was probably about a 50/50 split. In above the 90th
percentile, there were probably 2. But there was the same amount in those without sleep disorders.

Q: What do you think is the mechanism of this in type 1?

A: I believe that extending sleep will do a few things. One, it could lower evening cortisol, which tends to stay
elevated in these kids. Morning cortisol level is too low to help them prepare for the day. Heart rate variability
could also be another indicator of increased PNS activity. So we would look at that. I also think there are some
catecholamine implications as indicators of PNS pathways.

Symposium: Sleep, Circadian Rhythm, and Metabolic Consequences

SLEEP DEPRIVATION AND GLUCOSE METABOLISM IN TYPE 1 DIABETES (IP-SY08)

Esther Donga, MD (Leiden University Medical Center, Leiden, The Netherlands)

Although insulin resistance is typically associated with type 2 diabetes, and type 1 diabetes is characterized
by absolute insulin deficiency, several studies have shown that insulin resistance is also a common feature
in many tissues of patients with type 1 diabetes. Despite intensive insulin therapy, patients with type 1
diabetes experience large variations in glucose levels. Dr. Esther Donga investigated the effect of sleep on
glucose regulation and insulin sensitivity in patients with type 1 diabetes. One night of shortened sleep
duration through partial sleep deprivation (four hour) resulted in a 15-30% decrease in peripheral insulin
sensitivity relative to patients with a normal sleep period (8hr). There was no effect on basal glucose
metabolism, free fatty acids levels, or endogenous glucose production. While these findings indicate that
sleep duration is a physiological determinant of insulin sensitivity in patients with type 1 diabetes, further
studies are needed to understand the mechanism involved in the induction of insulin resistance by sleep
deprivation. According to objective parameters of sleep quality, impaired sleep quality through selective
slow wave sleep (SWS) suppression did not significantly alter insulin sensitivity, meaning that reduced SWS
cannot explain the decreased insulin sensitivity observed with partial sleep deprivation. With regards to
subjective measures of sleep quality, Dr. Donga administered a sleep quality assessment to 99 patients with
type 1 diabetes and found that 36% reported poor sleep quality compared to 20% of healthy controls. Sleep
disturbances, including higher rates of sleep apnea, were prevalent in patients with type 1 diabetes, though
the association of this finding with insulin sensitivity has yet to be determined. Dr. Donga concluded with
the assertion that we should pay more attention to sleep as a lifestyle factor to improve glucoregulation in
patients with type 1 diabetes. For more about the impact of sleep on diabetes control, you can read Close
Concern's very own Adam Brown's self-experiment on what one month of tracking his sleep revealed at

http://diatribe.us/issues/53/adams-corner.

Questions and Answers

Q: In the first study you described, did you collect blood samples to measure free fatty acids
during sleep deprivation?

A: There were no differences in free fatty acids in patients with diabetes who were sleep deprived and those
who were not. However, we did the same study in healthy controls and saw differences in fatty acids in insulin
stimulated conditions, so the effect was greater in healthy controls than in subjects with type 1 diabetes.

SLEEP DISTURBANCES AND CIRCADAN MISALIGNMENT - NOVEL RISK FACTORS FOR
OBESITY AND DIABETES

Fred Turek, PhD (Northwestern University, Evanston, IL)

In the field of circadian rhythm research, it is widely acknowledged individuals who work rotating shifts or
entirely at night are more likely to develop circulatory and digestive diseases, due to circadian rhythm
disruption. However, the mechanism by which this occurs, as well as the extent to which circadian
misalignment is associated with metabolic disease, continues to be an area of considerable research. Dr.
Fred Turek provided a general overview of our understanding of this phenomenon, and set the stage for
further discussion of the complex and nuanced topic in this symposium.
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▪ Three fundamental discoveries define the contemporary view of the relationship
between circadian rhythms and energy metabolism: 1) chronic sleep loss leads to
obesity, diabetes, and cardiovascular disease, 2) circadian dysregulation leads to
disease and metabolic dysfunction, and 3) molecular circadian clock core machinery
is everywhere. Previously, it was believed that the circadian clock machinery was located solely in
the brain structure known as the Suprachiasmatic Nucleus, but it is now known that cells in all
tissues in all organs follow circadian rhythms. In fact, nearly ten percent of genes have a circadian
rhythm in their expression.

▪ "When the clock stops ticking, metabolic syndrome explodes." Circadian control depends
on oscillating transcription factors, which are essentially master switches synchronized by stimuli
such as light and feeding. Recent studies show that altering circadian rhythmicity also results in
pathophysiological changes resembling the metabolic syndrome. Specifically, disruption of circadian
clock components CLOCK and BMAL1 have been linked to hypoinsulinemia and diabetes. Further,
daily remodeling of histone proteins underlies interactions between circadian clock genes and
metabolic genes, a discovery Dr. Turek referred to as only "tips from the tip of the iceberg."

▪ Lack of sleep is known to contribute to weight gain and obesity by modifying energy
intake. One study found that individuals who got only little sleep (approximately 3 hours and 45
minutes per night) consumed 296 more kilocalories on average than individuals who got normal
sleep (approximately 7 hours and 38 minutes per night; p=0.023.) However, caloric expenditures
were almost identical. Further, the overarching hypothesis of circadian rhythm literature suggests
that circadian disruption promotes alcohol-induced inflammation and organ pathology, suggesting a
strong link to obesity and diabetes.

IMPACT OF THE HUMAN CIRCADIAN SYSTEM AND ITS DISRUPTION ON
CARDIOMETABOLIC FUNCTIONAND DISEASE

Frank Scheer, PhD (Harvard Medical School, Boston, MA)

In his talk, Dr. Frank Scheer discussed the effects of misalignment between the endogenous circadian system
and behavioral cycles on cardiometabolic risk factors. 8.6 million Americans work at night, either
permanently, in rotating shifts, or on irregular schedules. When simulating night work and other
misaligned circadian schedules in forced desynchrony experiments, Dr. Scheer observed notable adverse
metabolic consequences. Firstly, he demonstrated that circadian misalignment impairs glucose tolerance,
reduces leptin levels, and lowers insulin sensitivity. He also found that simulated night work increases
24-hour glucose and insulin levels, likely by causing misalignment between central circadian time and
behavioral cycles.

▪ Circadian misalignment impairs glucose tolerance, lowers leptin, and reduces insulin
sensitivity. In a study in which ten healthy individuals were subjected to a forced desynchrony
protocol (two weeks fixed sleep/wake cycle at home, followed by 11 days of in- laboratory study
comprised of two baseline days and seven 28-hour long days), glucose levels were elevated by 6%,
leptin was decreased by 17%, and insulin levels were elevated by 22% by the study's final day.
Additionally, circadian misalignment elevated mean arterial pressure (+3 mmHg, p=0.001).

▪ By causing misalignment between central circadian time and behavioral cycles,
simulated night work also increases 24-hour glucose and insulin levels. In an
experiment in which 14 healthy individuals followed a simulated night work protocol of sleep from
11am to 7pm for four days, subjects showed increased glucose and insulin levels (+3%, p<0.0001
and +6%, p=0.005 respectively). Participants also experienced decreased glucose tolerance during
biological evening, which was likely due to endogenous circadian controls as opposed to the sleep/
wake cycle.
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Interest Group Discussions: Professional Section Interest Group Discussion on Clinical
Endocrinology, Health Care Delivery, and Public Health

EASY TO SAY, NOT SO EASY TO DO: PATIENT-CENTERED CARE IN THE ERA OF PATIENT-
CENTERED GUIDELINES

Jeffrey Gonzalez, PhD (Yeshiva University, Bronx, NY)

Dr. Jeffrey Gonzalez opened the discussion on patient-centered care by detailing the necessity of emotional
distress evaluation. He presented studies in which 73% of adults with type 1 diabetes (n=34) and 49% of
adults with type 2 diabetes (n=70) attributed their symptoms of depression, particularly reduced appetite
and sleep disturbances, to diabetes (Tanenbaum and Gonzalez, Diabetes Educator 2012; Tanenbaum et al., J
of Affective Disorders 2013). People's explanatory statements tended to have three themes: 1) distress about
diabetes; 2) overlapping symptoms; and 3) a bi-directional interaction between mood and blood glucose
levels. Given the overlap between diabetes distress and depression, he pressed that HCPs must ask their
patients why they are distressed, not just how much distress they are experiencing. Dr. Gonzalez
recommended that HCPs use depression-screening instruments with their patients. He warned, however,
that many have frequent false positives (up to 50% false positive rate), necessitating follow-up
appointments on the topic of depression to evaluate the validity of a positive.

▪ Dr. Gonzalez reminded attendees that it is difficult to adhere to diabetes treatment
due the complexity of many regimens and the psychological challenges of the disease.
These latter trials arise from 1) the disease "going on forever"; 2) people receiving inconsistent
feedback (e.g., doing the same thing two days in a row with different glucose results); and 3) the
reward for adhering to treatment is nothing happening twenty years later.

▪ According to Dr. Gonzalez, people's descriptions of the link between their diabetes
and feelings of depression tended to fall into three categories: 1) distress about diabetes,
2) overlapping symptoms of the two conditions, and 3) a bi-directional impact of glucose on mood
and vice versa. Dr. Gonzalez provided examples quotes for each of these categories (detailed below).

◦ Distress about diabetes

◦ "I check my blood and it's high and I check my blood and it's low and I go back to
eat something and it gets high again and it is just tiresome. Sometimes I get like,
whatever, it just doesn't matter." - 46 year-old male with type 1 diabetes.

◦ "I've gained so much weight…I've never been this big in my life and part of the
weight is due to the medication that I take. That really depresses me." - 56 year-
old female with type 2 diabetes.

◦ Overlapping symptoms

◦ "[I only forced myself to eat] when I was low and I had to eat something. So I
guess, probably two or three times this week, I thought I really don't want to eat
something but I have to." - 24-year old female with type 1 diabetes.

◦ "With the diabetes, I tend to go to the bathroom. So, it's like three hours and then
I'm up, then I'm back to sleep another two or three hours." - 42-year old male
with type 2 diabetes.

◦ Mood blood glucose levels

◦ "Whatever goes on with me…one of my immediate responses in my head is 'Oh
my god…don't get nervous your sugar is gonna go high." - 56-year old female
with type 1 diabetes.

◦ "My mood's been up and down. One minute I'll feel cold and the next minute I
feel really…and then my sugars are out of control; they're up and down. I'm
hoping that I can get the diabetes under control." - 57-year old female with type 2
diabetes.
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PANEL DISCUSSION

Martha Funnell, MS, RN, CDE (University of Michigan, Ann Arbor, MI); Jeffrey Gonzalez, PhD
(Yeshiva University, Bronx, NY); Chandra Osbourn, PhD, MPH (Vanderbilt University,
Nashville, TN); William Polonsky, PhD (Behavioral Diabetes Institute, San Diego, CA); Tricia
Tang, PhD (University of British Columbia, Vancouver, Canada)

Dr. Polonsky: I am very interested to meet anybody who thinks that patient-centered care is a
bad idea. For me it is just about appreciating that people are not unmotivated to leave a happy
long life. It is just that things get in the way. It is hard to know how to address this in our crazy
business practices.

Ms. Funnell: With that said, I think we would like to start figuring out what is patient centered care in your
minds. It is not just about numbers - it is not just numbers and EMRs (electronic medical records). Then what
is patient centered care? My provider just told me we are patient centered care now. I asked him what they
were doing differently. He said, well we changed the letterhead [laughter]. What we would like to hear from
you is: what are your struggles with patient centered medical care, and what do you think is helpful for
implementing this? What are your challenges?

Comment: I just had an idea. In our clinic we have just implemented another piece of paper that we give
patients, which asks them "what is the purpose of your visit today?" You do not have to do it consistently, but
every couple months ask patients "what are you distressed about today?" I think what we are all struggling
with is that we only have 20 minutes with our patients. Having them fill this out in the waiting room might
help streamline this.

Dr. Polonsky: The most useful question to ask is: "can you tell me one thing about living with diabetes that is
driving you crazy?" You probably have a very busy practice, and their list is probably much longer than one
thing. However, it is a good place to start, and it is better than asking what is the point of your visit today
because the patient expects the HCP to answer that.

Ms. Funnell: Any other thoughts? We often ask our patients what they would like us to do. If
you ask them what is distressing them, you have to address it.

Comment: I am in line with your thinking. You have to consider what the patient trusts, and what the patient
expectations are. Rather than having the patient think that they are coming in for the physician to do his job,
we need to have the patient consider what they are getting out of the visit to satisfy their distress; we need to
go in their direction and not only our direction.

Comment: I find that patients are quite upset about finding out what that their next A1c is going to be and are
distressed thinking that we are going to yell at them about it. That is not our job. I just cringe thinking about
the person who preceded us and marked it in a red pen. I do not yell at patients. That is not my job. I need to
empower them to reach the lifetime achievements.

Comment: When a patient comes into a new system, they are not used to telling anyone what they want. They
are accustomed to hearing the physician's side of the story and then agreeing or disagreeing with it - usually
just agreeing with it. When I get a new patient, I tell them: tell me about yourself. What are your challenges
with diabetes? What do you do as a hobby? What is new in your life? Then, the next time that I ask these
questions, they tell me right away. Since I work in a large practice, some of my colleagues do not like that they
now get an answer when they ask, "How are you?" They are not used to hearing the answers. However, we
have to open the door so patients can answer those questions honestly, and we have to educate colleagues to
ask these questions. If we do not start with understanding what the patient wants from the physician, the visit
is pretty much lost.

Dr. Polonsky: I think that one of the things that is implicitly crazy about how we treat diabetes in America is
that when people come to see us, we unfortunately are not talking to them about "how can we help you get to
somewhere safe and healthy with your disease." The problem is we often have this implicit message of "how
do we get you to behave?" Or "you need to behave."
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Comment: Working with minorities that are unlike myself, I work really hard to get to know a patient. As a
physician, I have the eight minutes instead of the 30 minutes, so I really look to my team to build that
relationship. Generally speaking, I have an idea of when I have a relationship with a patient and when I don't,
and I cannot move on until I have built that relationship.

Ms. Funnell: I liked your statement about patients being afraid of their A1c numbers. I think that diabetes is
the one disease where instead of feeling like we need to treat the disease, we feel like we have a moral
imperative to change the person. That needs to change. I ask people "tell me about this number." This way we
are not judging. The numbers should be about determining what the next step is. Our job is not to fix people.

Dr. Gonzalez: I agree with what you said, and I was just thinking we should move on to our next speaker. But
let's not leave this distress behind - we will have more time to discuss this.

Interest Group Discussions: Professional Section Interest Group Discussion on Nutritional
Science and Metabolism

Jackie Boucher, MS, RD, CDE (Minneapolis Heart Institute, Minneapolis, MN), Alison Evert,
MS, RD, CDE (University of Washington Medical Center, Seattle, WA) and Melinda Maryniuk,
RD, CDE (Joslin Diabetes Center, Boston, MA)

In this session, Ms. Jackie Boucher and Ms. Alison Evert discussed the upcoming position paper updating
nutrition guidelines being published by the ADA in the fall of 2013, 11 years after the previous position paper
on this topic. They outlined the controversial topics that would be covered in the position paper
(emphasizing the lack of literature on the topic), mentioning the variety of factors influencing eating
patterns, discrepancies in sodium intake recommendations, omega 3s, glycemic index, fiber, and
micronutrients and macronutrients. They stated that all of the research and literature that they reviewed
still supported individualization of diabetes eating patterns, but did not give any other concrete details.

Cost-Effectiveness

Oral Sessions: Cost-Effective Health Care/Economics

IMPACT OF A HOSPITAL-WIDE INPATIENT GLUCOSE MANAGEMENT PROGRAM ON
ECONOMIC AND CINICAL OUTCOMES IN THE NON-CRITICAL CARE SETTING (261-OR)

Elias Spanakis, MD (Johns Hopkins University, Baltimore, MD)

Dr. Elias Spanakis discussed the clinical and cost impact of Johns Hopkins' glucose management quality
improvement interventions, which were implemented in a step-wise fashion beginning with a glucose
steering committee in January 2006. Johns Hopkins next implemented a hospital-wide hypoglycemia policy
in July 2006, a diabetes nursing superuser program in January 2007, a hospital-wide hyperglycemia
orderset and policy in December 2007, and a hyperglycemia smart orderset in January 2008. Staff
education was ongoing over this timespan. Dr. Spanakis and his team conducted a retrospective cohort
study comparing hospital outcomes in January - June 2006 (baseline; steering committee only) to
December 2008 - December 2009 (post-hyperglycemia smart orderset implementation); the study
population included non-critical care adults with a diagnosis of diabetes or hyperglycemia at admission.
When adjusting for age, sex, and race, the glucose management intervention significantly improved
mortality rate, length of stay, and hospital cost per admission (p <0.05). The results remained significant
when also adjusting for hyperglycemia (p <0.05). However, when further adjusting for mortality risk index,
severity of illness, and hospital unit, only the improvement in hospital cost per admission remained
significant (p <0.05); as noted in Q&A, program implementation expenses were not incorporated into the
cost analysis. Curiously, Dr. Spanakis commented that hospital cost per admission and length of stay in
adults admitted to non-critical care units without diabetes increased over this same time period. We also
wonder how readmission rate was related to cost and length of stay in these patient groups.
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Mortality Rate Length of Stay Total Hospital Costs/
Admission

Model
Adjustments

Rate Ratio vs.

baseline

p-

value

Difference

from

baseline

p-

value

Difference from

baseline

p-value

Model 1:

Age, sex, race

0.42 0.01 -0.93 0.03 -$3,834 0.02

Model 2:

Model 1 +

hyperglycemia

0.42 0.01 -0.90 0.03 -$3,718 0.02

Model 3:

Model 2 +

mortality risk

index, severity of

illness index,

hospital unit

0.53 0.08 -0.54 0.15 -$3,276 0.04

Questions and Answers

Q: We have what I consider to be excellent protocols. But the general attitude of the usual
physician is 'you're not going to tell me what to do.' How do you get this through to the
administration and to the non-users? The protocols are there but they don't have to use it.

A: In the smart overset, the provider has to fill out this information in order to prescribe insulin. This is how
we mange to bypass the issue.

Q: How did you account for program costs in your analysis? For the cost of training?

A: This was not a cost-effective analysis. The cost was the cost of hospitalization.

Dr. Guillermo Umpierrez (Emory University School of Medicine, Atlanta, GA): Did you look at
the difference between medicine and surgery units or did you look at everyone?

A: We didn't do a subgroup analysis. But we adjusted for hospital units per se.

Dr. Umpierrez: Who writes the orders for the patients in your hospital? The house staff?

A: The house staff is providing the orders.

Q: How many deaths occurred over this three-year period?

A: I don't remember exactly.

Q: The question is, did you look at the change in causes of death? You need to look at the
distribution of deaths overtime.

A: We looked at mortality rate. There was a decrease in model 1 and model 2. After we adjusted for the
mortality risk index and severity of illness, the results were not statistically significant.

Q: But reducing the rate ratio by half is still important, even if it's not statistically significant.

A: Good point. We will look at that.

Q: Were the orders totally automated? How do you take into account if patients were post- op?
Or throwing up? Were you able to account for how much of the meal they ate?
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A: In order to say that someone is getting a full tray, they need to eat more than 50% of the tray.

Q: Overall costs for patients are going up and cost for diabetes are going down. Is it that the
overall care of patients is different and glucose effects are being washed out?

A: As we said, there was an increase in total hospital cost and length of stay in patients without diabetes. We
wanted to see the general trend in the hospital.

DIRECT MEDICAL EXPENDITURES ASSOCIATED WITH DIABETES AMONG PERSONS AGED
<20 YEARS WITH MEDICAID COVERAGE (264-OR)

Sundar Shrestha, PhD (CDC, Atlanta, GA)

Dr. Sundar Shrestha presented data comparing direct medical expenditures of children (less than 20 years
old) covered by Medicaid to those covered by private insurance. Dr. Shrestha found that children on
Medicaid had higher diabetes-related expenditures than those on private insurance. She went further to
compare expenditures within the Medicaid group and by dividing individuals into poverty- and disabilities-
based Medicaid enrollment subgroups. Children of parents enrolled in Medicaid programs based on a
disability had higher medical expenditures than those enrolled due to poverty of approximately $11,000
more in expenditures (regardless of whether or not they had diabetes). Having diabetes in this population
increased expenditures by $10,155 and $11,914 for the poverty-based and the disabilities-based populations,
respectively. Dr. Shrestha concluded that the expenditures associated with diabetes were a substantial
burden on the federal Medicaid system, especially for children of parents put on Medicaid for disabilities.
While these results are surprising, the disabilities-based cohort consisted of only 9% of the total Medicaid
population; the poverty-based cohort represented 91% of the population. Additionally, these findings
seemed further limited by the lack of covariates available to factor in (e.g., duration of diabetes, location).

Oral Sessions: Improving Health Care Delivery

COSTS ASSOCIATED WITH DELIVERING INTENSIVE OR STANDARD GLUCOSE, LIPIDS,
AND SYSTOLIC BLOOD PRESSURE CONTROL STRATEGIES IN THE ACCORD TRIAL
(207-OR)

Ping Zhang, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

Dr. Ping Zhang presented an analysis of the costs associated with the intensive and standard treatment
regimens for glucose, blood pressure, and lipid levels used in the ACCORD trial. Of the 10,251 patients in the
ACCORD trial, cost data was available for 4,311 participants. In the glucose intervention, annual costs per
participant were roughly $5,500 in the intensive arm versus $4,000 in the standard arm; this compared
with $5,000 versus $4,400 in the blood pressure trial and $5,200 versus $4,400 in the lipid trial. While
useful for predicting the pattern of resources necessary for achieving various targets, we would also be
interested to see how costs compare in a more real-world setting. Additionally, given the ACCORD trial
demonstrated no overall benefit, it is difficult to assess how much value was created per dollar spent.

▪ Of the 10,251 patients in the ACCORD trial, cost data was available for 4,311
participants, used in this sub-study. As a reminder, goals in the intensive group versus the
standard care group for glucose were <6% versus 7-7.9%, for blood pressure <120 versus <140
mmHg systolic, and the use of a lipid and statin versus statin alone for lipid levels. Average annual
intervention costs per participant by the study arm and intervention year were analyzed, with costs
broken into four categories (personnel, medications, devices and supplies, and lab tests).

▪ In the glucose intervention, annual costs per participant were roughly $5,500 in the
intensive arm versus $4,000 in the standard arm. Differences between the groups were
$1,585 in year one, $1,491 in year two, $1,558 in year three, and $1,427 in year four. Spending in all
of the four categories was significantly different between the groups except for laboratory tests.

▪ Annual costs per participant were roughly $5,000 with intensive care versus $4,400
with standard care in the blood pressure intervention. Differences between the groups were
$646 in year one, $745 in year two, $802 in year three, and $815 in year four. Spending in personnel
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and medication costs were significantly different between the groups, with most of the overall
spending difference due to medication.

▪ In the lipid intervention average annual costs per patient were roughly $5,200 with
intensive care versus $4,400 with standard care. Differences between the groups were $778
in year one, $730 in year two, $641 in year three, and $584 in year four. Spending only differed
significantly in the medication costs category.

Questions and Answers

Q: Do you have any idea of cost offsets for specific treatments and complications?

A: I think the bottom line with a negative trial overall is that it's hard to justify the intervention, so while we
will do those calculations we probably won't have use for that data.

Q: In real patients, we don't only treat diabetes or hypertension or lipids. The clinician has to
control all three more or less. So my first question is have you calculated the total cost for
more intensive or less intensive control. Next, much of the difference in cost is seemed to be
due to the cost of drugs. I know certain programs can negotiate for lower costs, so were these
retail or negotiated for lower costs? Next with relationship to the outcome of the study, it
showed a benefit if the A1c was under 7%. Did you consider calculating benefit for patients
achieving A1cs under 7% and real benefit?

A: Yes, you're right for the first one. We do have patients that received all three, but I don't have the slides for
that. So you won't need the cost of a visit twice if you're seeing them for all things at once, and it will be less
than the two separate components. The cost of the drug was the price from the Red Book; we picked the
median price. For subgroup analysis, we did not tie the cost to the effect yet. But we do have individual level
data. We will do that.

Q: Why do this analysis if the study was negative?

A: We tried to take advantage of this data for a sub-economic study. I think you're right in the real world you
do not need to do it, but if we need to know how much it will cost me to reach a particular goal it's important
to make estimates.

Posters

THE COST OF DIABETES: ESCALATING TRENDS AND COST DRIVERS NEED TO FOCUS ON
QUALITY OUTPATIENT CARE (83-LB)

Nina Ran, Marissa Lynn, Jessica Dong, Hannah Deming, Mark Yarchoan, Lisa Rotenstein,
Joseph Shivers, Many Venkat, Hannah Martin, Richard Kahn, John Close, and Kelly Close

Team members of Close Concerns and several colleagues published a late-breaking poster discussing the
rising national cost of diabetes, elucidating trends based on reports published by the American Diabetes
Association (ADA) every five years (from 1987 to 2012). The most recent estimates show that diabetes-
related costs totaled $245 billion in 2012, reflecting an inflation-adjusted 27% increase over 2007. This rise
in costs parallels the increase in the number of people with diabetes, which was estimated to be 22 million in
2012. On a per patient basis, total annual costs have decreased from $19,000 in 1992 to $11,000 in 2012.
Correspondingly, per patient institutional costs (inpatient hospital stays, nursing/residential/hospice care)
have declined from $8,200 to $4,100 over the same time period. Conversely, costs associated with
outpatient care (physician/emergency/hospital visits, home health visits, and diabetes medication/supplies)
increased nearly three-fold from $1,300 in 1992 to $3,800 in 2012. The rise in total diabetes-related costs
indicates that the increasing incidence of diabetes has outpaced the decrease in per capita costs. The trends
for per capita inpatient vs. outpatient costs suggest a decline in the cost of treating diabetes-related
complications paired with an increase in the use of outpatient resources such as medications, supplies, and
HCP visits. While the latter trends indicate a favorable shift of resources (more spent on treating
hyperglycemia and less used to treat the more severe diabetes complications), more research is needed to
better characterize the drivers of these trends. The data underscore the need for a dual approach to
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decreasing diabetes-related costs: a greater focus on diabetes prevention coupled with further efforts to
leverage outpatient care to reduce institutional costs.

▪ The authors analyzed six reports published every five years by the ADA (1987, 1997,
2002, 2007, 2012), which estimate diabetes prevalence, the disease's economic
burden (direct and indirect), and the allotment of healthcare resources. All costs were
adjusted for inflation using the US Bureau of Economic Analysis GDP Deflator. Direct costs were
defined as health care expenditures related to treating diabetes and diabetes-attributed
comorbidities/complications, while indirect costs were defined as absenteeism caused by
complications, as well as reduced workforce productivity/participation due to both complications
and premature mortality.

▪ National diabetes-related costs totaled $245 billion in 2012, reflecting a 41% increase
over 2007 (27% inflation-adjusted), and paralleling the growing number of people
with diabetes. Notably, costs have grown at a faster rate from a higher base in the past 20 years -
costs rose 32% (15%) from 2002-2007, 35% (20%) from 1997-2002, and 7% (-7%) from 1992-1997.
The concurrent decline in per capita total costs from $19,000 in 1992 to $11,000 in 2012 suggests
that the rise in diabetes-related costs has been primarily driven by the increasing disease incidence.
This underscores the importance of diabetes prevention for reducing future diabetes-related costs.

▪ Further analysis indicates that per capita indirect costs have decreased (from 10,000
in 1992 to $3,000 in 2012), while per capita direct costs have remained relatively
stable (from $9,000 in 1992 to $8,000 in 2012). Per capita institutional costs saw a
significant decrease during this time period ($8,200 to $4,100), while outpatient per capita costs
increased ($1,300 to $3,800). Together, these trends suggest a decline in costs associated with
diabetes-related complications, though further research is needed to elucidate the drivers of these
cost patterns (e.g., improved or less expensive institutional care, or a lower incidence of
complications). Furthermore, the increase in outpatient costs indicates a greater use of medications
and supplies. Overall the authors of the study characterized these trends as a positive shift, as they
suggest that more resources are being directed at treating hyperglycemia, with fewer being used to
treat the more severe diabetes-related complications.

▪ Future research questions should attempt to elucidate the underlying causes behind
the cost trends, and the potential cost-reducing impacts of preventative care. As noted
above, the decrease in per capita institutional costs could be attributed to several factors - e.g., fewer
complications, improved inpatient care, or advances in outpatient care. Additionally, this study
prompts research into the cost-efficacy of diabetes prevention, as the data imply that a lower disease
incidence would significantly curb the rise of diabetes-related costs in future years.

▪ A common sentiment among attendees at the poster session was the need for more
data in order to draw further conclusions about trends in diabetes-related costs. Some
attendees noted that the ADA reports - published in five-year increments - may not have captured
the full spectrum of data. Some suggested that using annual estimates for diabetes cost and
prevalence would allow for more accurate analyses of the trends - this is indeed true, though annual
estimates that use consistent methodology and cost categories are rare. Attendees also expressed
curiosity about a further breakdown of per capita outpatient costs - for example, to explore whether
the increase can be attributed to prescription costs or decreasing insurance coverage, etc. Others
further research avenues include investigating whether the increase in the diabetes diagnoses may
be due to greater awareness of the disease and/or improved diagnostic methods.

Symposium: Maximizing Cost-Effectiveness of Diabetes Prevention and Treatment-Practical
Strategies

COST-EFFECTIVENESS OF PREVENTION

William Herman, MD, MPH (University of Michigan, Ann Arbor, MI)
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After highlighting the growing costs attributable to diabetes in the US, Dr. William Herman reviewed
several economic analyses of diabetes prevention programs and ultimately concluded that they are both
effective at delaying or preventing the onset of diabetes, and are cost effective from a health system
perspective. As such, he urged for prevention programs like the DPP/DPP Outcomes Study (DPPOS) to be
more widely adopted and implemented in the healthcare system, noting that they could be even more
effective and cost effective if they: 1) target the correct population; 2) have good fidelity to provide effective
intervention; and 3) are supported by health and social policy (Barnato et al., Med Decision Making 2003).

▪ Dr. Herman emphasized that the costs attributable to diabetes in the US are growing
exponentially. He noted that the American Diabetes Association (ADA) estimated direct and
indirect costs of diabetes in the US rose from $132 billion in 2002, to $176 billion in 2007, to $245
billion in 2012. Of this latest $245 billion figure, $176 billion consisted of direct costs (i.e., treatment
for diabetes and its complications, and general medical care) and the remaining $69 billion
consisted of indirect costs (i.e., illness, disability, and premature mortality) (ADA, Diabetes Care
2013). Dr. Herman pointed out that a substantial proportion of the total costs were attributable to
older people with longstanding diabetes and diabetes complications, and to the management of
comorbidities requiring inpatient or nursing home care. Specifically, 59% of costs were attributable
to those 65 years of age and older, 48% of costs were attributable to inpatient care, and 9% of costs
were attributable to nursing home care.

▪ He noted that two economic analyses on the cost-effectiveness of the DPP published in
2005 had starkly contrasting findings. In a simulated lifetime analysis, Dr. Herman found
both lifestyle and metformin intervention to have a cost-effectiveness of slightly more than $1,000
per quality-adjusted life-year (QALY) (Herman et al., Ann Int Med 2005). His analysis utilized a
Markov model structure, using transition probabilities from impaired glucose tolerance to diabetes
based on data from the DPP, and transition probabilities for microvascular and macrovascular
complications from UKPDS data. The model tracked costs, QALYs, disease progression, five
complications, and survival rates. In this simulation, lifestyle and metformin interventions both
reduced the 30-year incidence of diabetes (by 20% and 8%, respectively), and delayed progression to
diabetes by an average of 11.1 and 3.4 years, respectively. However, an alternative analysis suggested
a substantial higher cost per QALY for the lifestyle intervention, of ~$200,000/QALY (Eddy et al.,
Ann Int Med 2005). Dr. Herman noted that because of this finding, there was little momentum to
translate the DPP to the routine clinical care setting in 2005. For context, healthcare institutions in
the US generally find treatments with a cost/QALY of less than $50,000/QALY to be cost effective.
For example, the influenza vaccine is cost saving, beta blockers following myocardial infarction
comes in at <$10,000/QALY, mammographic screening falls in the $10,000-$25,000/QALY range,
and hypertension medication for individuals with diastolic blood pressure >105 mmHg falls in the
$10,000-$60,000/QALY range [Neumann et al., NEJM 2005]. At a cost-effectiveness ratio of
~$1,000/QALY, diabetes prevention via lifestyle intervention or metformin would be quite
compelling, whereas a cost- effectiveness ratio of ~$200,000/QALY would not.

▪ In a more recent cost-effectiveness analysis of the DPP and its seven-year DPP
Outcomes Study (DPPOS) follow-up study, lifestyle intervention was found to be cost
effective ($10,037 per QALY), and metformin was found to be cost saving (Diabetes
Prevention Program, Diabetes Care 2012). This analysis investigated the cost utility of
interventions over 10 years from a health system perspective, discounting costs and QALYs at 3%
per year, and assuming generic pricing of metformin. Over the course of the 10-year study period,
the relative risk of diabetes decreased 31% and 19%, respectively, with lifestyle and metformin
intervention (Lancet 2009). To further support the cost-effectiveness of diabetes prevention
programs, Dr. Herman noted that in an economic evaluation of lifestyle interventions for preventing
diabetes and cardiovascular disease, researchers predicted that DPP-like lifestyle interventions
would delay the onset of diabetes and lead to fewer complications, longer lives, and improved
quality of life (Saha et al., Int J Env Res Pub Health 2010).

Questions and Answers
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Q: My understanding is that in the DPP, the population treated with metformin was really a
bimodal population. That is, people who had normal body weight on metformin had a much
different effect than those who had elevated BMIs. If that was true, there's many implications
in that, including that when you read the study as is, it tends to give you a less enthusiastic
approach to using drugs in that situation for prevention.

A: That was true. Metformin was more effective in heavier and younger patients. We in our economic analysis
did an intent-to-treat analysis, so we analyzed people according to their randomized group, and despite that,
metformin was still effective and cost effective. It is important to remember than 20% of those randomized to
metformin did not even take it long term, but they were still included in the metformin group for analysis.

Q: I was going to suggest that as we look forward to the epidemic of obesity, maybe it would be
fruitful to report the population that was adherent to metformin, and distinguish the obese
from the non-obese. It might also give further clarity to see what happens when metformin is implemented
with lifestyle - it seems like it would have been vastly more effective.

A: The first analysis you suggested was just published in the American Journal of Managed Care. Clinical
outcomes and costs, as you can imagine, were much better for those who adhered to the intervention.
Certainly in translation, it makes sense to look at patient preferences and characteristics of individuals that
predict a better response. As for combined lifestyle and metformin interventions, the Indian DPP looked at
the combination and it was actually no better. That's the only study I'm aware of that looked at the
combination.

Q: What would happen if you reframed your cost-effectiveness analysis in terms of return on
investment? That is, how long would it take to regain the investment I might make for offering
certain benefits to people with prediabetes?

A: If you extrapolate the data we presented, it suggests that it would take about 10 years with metformin, and
a little bit longer than that for lifestyle. Many look for return on investment within two-to-three years, but if
we're all in this together, we should support prevention.

COST-EFFECTIVENESS OF DIABETES TREATMENT

Todd Gilmer, PhD (University of California San Diego, San Diego, CA)

Using case examples, Dr. Todd Gilmer discussed how researchers evaluate the cost-effectiveness of diabetes
interventions. He began by identifying several challenges: diabetes has a long clinical course and benefits
are often not seen until much later in the disease progression; the cost of interventions are not discounted
over time (thus interventions are typically not cost-saving); and long term outcomes from clinical trials are
rarely observed. Dr. Gilmer then described ways to simulate long-term cost- effectiveness, noting that these
models evaluate how short-term changes in clinical risk factors (e.g., blood glucose levels, blood pressure,
cholesterol) influence the probability of developing diabetes-related complications over time. These models
take into account the efficacy of the intervention (i.e. how it affects clinical risk factors), as well as the effects
of complications on treatment costs and quality of life. Previous cost-effectiveness analyses for intensive
glycemic control have used data from the DCCT (for type 1 diabetes) and UKPDS (for type 2 diabetes) and
have found that in both cases, intensive glycemic control has been cost-effective (intensive control costs
$51,000 per Quality Adjusted Life Year (QALY) for type 1 diabetes and $62,000 per QALY in type 2
diabetes). In concluding, Dr. Gilmer remarked that achieving cost-effectiveness in diabetes is challenging -
the upfront investment needed to acquire the intervention is quite large, and the cost savings only emerge
decades later.

Questions and Answers

Q: Can you speak to the arguments that have come up about the UKPDS overestimating cost by
as much as 200%? It's nice that most people use it, and that we can compare many articles in
the literature that discuss how cost is established. However, if the UKPDS is wrong, how does
it affect cost-effectiveness analyses? Is there a better model to use?
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A: Certainty, the costs are sensitive to two main things. One is the relationship between the clinical risk
factors and the development of complications. The second is pricing out the cost of complications and the
runaway treatments. We've tried to re-establish cost in the specific setting that we are looking at. I'm not
entirely familiar with the literature. I'm not really aware of any models that use it too much differently.

There's a literature article comparing the validity of various cost-effectiveness models, and while there is some
variation, they usually converge on similar results

Q: How would you answer the question of return on investment? What would be a reasonable
ROI? I recognize that interventions in chronic disease have a long-term payoff but not so much
in the beginning.

A: As an economist, I think that the emphasis on ROI has been a little misguided. The objective of the
healthcare system is not to save costs. It's to improve the quality of patient lives. My emphasis has been on the
cost-effectiveness matrix. I think you want to include other elements such as quality of care, in addition to
costs. And I think you want to look at interventions more as a package of a series of things that you might
implement, and look to see how it affects your short term and long-term costs and how that relates to your
revenue streams. We pay for all kinds of medical care - some save money and some cost money in the long
run. What's more important than the cost savings is the value you achieve in the investments.

Q: The mean age in these models of prediabetes and diabetes interventions is 51, but the
largest source of expenditures comes from people over the age of 65 years. Does that have
implications on payers and Medicare?

A: That's a good question. I think they're large implications. We found that the most cost-effectiveness
happens in people with an earlier onset of diabetes without health insurance. Hopefully, with the Affordable
Care Act, we'll bring a lot of changes that might remedy that. Healthcare expansion will be important to
improving coverage. Increased focus on the quality of care will help get interventions to people earlier in life.
With the current fragmented insurance system - where the federal government takes care of the very poor and
the elderly and it's mainly private insurance for those under 65 years - that splits the incentives system that
we need to remedy that through things like accountable care organizations and pay-for-performance systems.
Some things we develop will help replicate the success of organizations like Kaiser for wider populations.

Q: Given that many economic models use the UKPDS risk engines and the fact that the UKPDS
is now getting a little older, it may not be reflective of current care therapy. Do you have any
suggestions on economic modeling in the future that goes outside of UKPDS? Or should we
continue to use the UKPDS model because that's the best we have?

A: That's a fair question. As we get more electronic medical records, those will have a lot of data on clinical
outcomes and cost. It's fair to start including them in models to complement the UKPDS data. It gets down to
the fact that UKPDS is the major trial for type 2 diabetes that they have looked at in a long time. There are
certain groups out there for simulation modeling that have incorporated cohort studies; to the extent that we
have new and informative data, I think it can be built in.

Q: With the FDA's requirement for cardiovascular outcomes trials, I suspect that we're going
to see substantial new evidence in many years to describe the risk and benefit of treatment. I
think this will provide a great opportunity to update our system, which are largely driven by a
small number of algorithms from the past. It will help us understand for the future how much
we can rely on modeling in an important disease area like this, and how we can supplement
that with new algorithms over time.

A: I do agree with the statement. I think that for all the investments we're making, we need to gather more
data in a structured way to help us build these models.

CAN WE AFFORD TO DO BOTH?

Andrew Palmer, MD (University of Tasmania, Tasmania, Australia)

www.closeconcerns.com 322



Dr. Andrew Palmer gave an extensive overview of cost-effectiveness analyses (CEA), concluding that while
diabetes prevention and treatment are both affordable, "we need to be smart in how to apply them." Dr.
Palmer first cited striking data to highlight the importance of interventions that delay the onset of diabetes
or its related complications - most notably, diabetes-related costs are expected to reach $595 billion by
2030; currently, the annual cost of treating a diabetes patient with both microvascular and macrovascular
complications ($8,000) far exceeds the cost of treating a diabetes patient without complications ($2,400).
Dr. Palmer then discussed the cost of prediabetes, noting that in the US, the annual ambulatory medication
costs attributed to prediabetes exceeds $25 billion. People with prediabetes are 1.3-times as costly to treat
compared to the general population and not surprisingly, per capita medical costs increase dramatically as
a person progresses from prediabetes to diabetes. Dr. Palmer then briefly provided background information
on the Cost Effectiveness Plane and explained how organizations evaluate treatments and allocate funding.
During the last portion of his presentation, he walked the audience through several hypothetical CEA,
emphasizing three points: 1) the cost-effectiveness and affordability of an intervention differs by the
diabetes cohort studied; 2) longer time horizons are needed to fully capture the long-term cost impacts of an
intervention; and 3) models should consider not just the initial cost of acquiring a drug, but also the drug's
long-term impacts on direct and indirect costs.

▪ Dr. Palmer emphasized that the presence of complications greatly increases the costs
associated with treating diabetes.

Disease and Complication Status Annual Per

Capita Costs

Ratio vs. per capita cost for the

general population

General population $1,944 1

Diabetes, no complication $2,439 1.3

Diabetes, microvascular complications $4,749 2.4

Diabetes, macrovascular complications $4,865 2.5

Diabetes, both microvascular and

macrovascular complications

$7,987 4.1

▪ Dr. Palmer discussed the cost of prediabetes, which to date has not been extensively
studied. A 2009 publication showed that the annual cost of treating a person with prediabetes is
1.3-fold greater than that of treating someone in the general population (Huang et al., Diabetes
Care). Dr. Palmer also highlighted that currently, the annual ambulatory medication costs attributed
to prediabetes has exceeded $25 billion the US.

Questions and Answers

Q: You pointed out that the cost to the healthcare system is the cost of the intervention times
the target population. There are roughly 72 million people eligible for diabetes prevention
interventions. How do we handle that cost as a society?

A: I think, as you pointed out, that there's an upfront investment. If we can translate clinical trial
interventions (i.e., intensive lifestyle modification) to the community setting, it improves affordability and
brings back a return on the investment time from 14-15 years to three to four years. I think there's no avoiding
that we need to take an alternative path - it's not all about the money, but also about improving quality of life.

Q: Can we save money by increasing patient education?

A: Yes, especially if you can get people into the community. It makes it a lot more affordable and cost effective.
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Epidemiology

Oral Sessions: Navigating the Spectrum - Obesity, Insulin Resistance, and Type 2 Diabetes in
Youth

INCIDENCE OF CHILDHOOD OBESITY IN THE US (212-OR)

Solveig Cunningham, PhD (Emory University, Atlanta, GA)

From 1998 to 2007, the incidence of obesity was 11.9% among American children five to 14 years old,
according to Dr. Solveig Cunningham's analysis of the Early Childhood Longitudinal Study Kindergarten
Class (ECLS-K). Overall, the incidence of obesity did not increase in the cohort during the studied time
period. Among children who were a normal weight in kindergarten, obesity incidence was low (1.2 to 2.4%
annually) and largely constant with age. In contrast, obesity incidence was high and decreased with age
among children who were overweight at five years old (from 19.7% in kindergarten to 3.7% in middle
school). Children who were overweight in kindergarten were found to be 5.3 times more likely to be obese in
8th grade and accounted for 45% of the obesity incidence between kindergarten and 8th grade. Thus, Dr.
Cunningham pressed that prevention efforts must focus on promoting healthy weight in preschoolers and
reversing overweight among older children. Notably, sociodemographic factors (i.e., ethnic/race
identification and socio-economic status) were not as robustly associated with a child becoming obese by
age 14 years, if the child was overweight or obese in kindergarten. This finding suggested that to address
pre-kindergarten obesity, addressing birth weight and other health factors might be more important than
targeting socioeconomic factors.

▪ The analysis found that 11.9% of American children between the ages of five years and
14 years were obese between 1998 and 2007.

Obesity prevalence (95% CI)

Age five years Age 14 years

Overweight 14.9% (13.08-17.01%) 17.08% (15.06-19.31%)

Obese 12.4% (11.2-13.7%) 20.8% (19.1-22.5%)

▪ Children who were overweight in kindergarten were found to be 5.3 times more likely
to be obese later in life. These children accounted for 45% of the obesity incidence between
kindergarten and 8th grade.

Cumulative incidence of obesity

All children not obese in
Kindergarten

Normal weight in
Kindergarten

Overweight in
Kindergarten

Total 11.9% (10.6-13.3%) 7.9% (6.7-9.0%) 31.8% (26.9-36.7%)

Boys 13.7% (11.9-15.5%) 9.1% (7.5-10.6%) 36.6% (29.7-43.4%)

Girls 10.1% (8.2-12.0%) 6.6% (4.9-8.3%) 26.9% (20.3-33.4%)

▪ Dr. Cunningham used the National Center for Education Statistics' data set, ECLS-K.
This data set follows a nationally representative cohort from kindergarten to eight grade and
therefore includes people ranging in age from five to 14 years old. For this analysis, data from 1998
to 2007 were used - including 7,738 children and 69,642 participant-years.

Questions and Answers

Q: Did you have any information on whether or not the children attended preschool?
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A: We did not use those data, though they are available. That is something that we will get.

Oral Sessions: Epidemiology of Diabetes Complications and Mortality

NATIONAL TRENDS IN HOSPITAL ADMISSIONS FOR HYPERGLYCEMIA AND
HYPOGLYCEMIA AMONG MEDICARE BENEFICIARIES, 1999-2011 (274-OR)

Kasia Lipska, MD (Yale University, New Haven, CT)

Over the past decade, the push for tighter glucose control to manage diabetes raises interesting questions
about hyperglycemia and hypoglycemia rates. Using national hospital admission data for Medicare fee-for-
service beneficiaries older than 65 years of age from 1999-2011 (nearly 34 million patients), Dr. Kasia
Lipska evaluated the rates of hospital admissions for hyper- and hypoglycemia. . Hypoglycemia was
defined as hospital admissions due to hypoglycemic coma and poisoning by insulin or antidiabetic agents,
and hyperglycemia was defined as hospital admissions due to uncontrolled diabetes, diabetic ketoacidosis,
and diabetes with hyperosmolarity or other coma. There were a total of 302,095 hospitalizations for
hyperglycemia and 429,850 hospitalizations for hypoglycemia during this 12-year period. Hyperglycemia
admissions for the Medicare beneficiaries fell from 1999 to 2011, from 134 hospitalizations per 100,000
patient years to 70 hospitalizations per 100,000 patient years. However, there was an increase in
hypoglycemia hospitalizations from 1999 to 2007, from 94 hospitalizations per 100,000 patient years to 130
hospitalizations per 100,000 patient years, at which point hypoglycemia hospitalizations peaked. Rates
then declined from 2007 to 2011 (to 105 hospitalizations per 100,000 patient years). Dr. Lipska suggested
that these trends could be attributed to intensification of glycemic control coupled with glucose lowering
medications; we note that starting in 2005, with GLP-1 and DPP-4 inhibitor approvals (and SGLT-2s in
2013), more of the branded drugs approved were glycemic-dependent - but of course, SFUs are still
associated with broad use, calling into question from our view the value of cheap drugs that are associated
with hypoglycemia. We would love to be able to see how many of the close to half a million (!) admissions
for hypoglycemia were associate with SFU intake (or cheaper and less stable insulin like NPH and regular).
Big picture, this data shows that understanding how adverse events relate to treatment approaches is
important. Notably, there were significant disparities within the study population - black patients had a
four-fold higher rate of hospital admissions for both hyperglycemia and hypoglycemia and the oldest cohort
of adults (≥85 years of age) displayed two-fold higher admissions for hypoglycemia. The study underscores
the extent to which the diabetes community needs continued efforts to reduce hypoglycemia in these patient
groups. Assuming each hospital admission cost roughly $5,000 (e.g., Maldonado et al. found that the cost to
treat DKA in the Harris County Hospital District in Houston was $10,876 in 1998, so this is likely an
underestimation for treating DKA today [Diabetes Care 2003]; treating severe hypoglycemia is much less),
glycemia-related admissions over this 12-year period could have cost upwards of $3.5 billion - we note this
is our very rough estimate.

Questions and Answers

Q: This is really excellent work. It certainly reframes our approach to the population. I did
want to ask did definition of hyperglycemia include ketoacidosis?

A: Yes, it included ketoacidosis emergencies.

Q: Current performance measurements have no inclusion criteria, any plans to address
greater granularity in the Medicare data

Dr. Lipska: Excellent point and I fully agree with you. Part of this work is to define this better. Part of this is to
try to elevate.

Q: Did you use both primary and secondary diagnostic cohorts? Because they are potentially
extremely different.

A: In the US, we cannot distinguish between hypoglycemia in the hospital and that outside of the hospital. So
we really focus the principal diagnosis. We underestimate the rate this way.
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Q: This was a really interesting and eye opening study. I was confused by the data on race and
surprised at the rates. Can you explain this more?

A: I think this points to serious issues about the quality of care provided. Hypoglycemia is really uncontrolled
in these patients.

Q: Do you have access to paramedic data?

A: That's a great question. We did not have access to paramedic data.

Oral Sessions: Epidemiology of Diabetes Risk Factors and Complications in Special
Populations

TEMPORAL TRENDS IN METHOD OF DIABETES DIAGNOSIS AMONG YOUTH FROM 2002
TO 2010: THE SEARCH FOR DIABETES IN YOUTH STUDY (179-OR)

Sharon Saydah, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

Dr. Sharon Saydah gave an overview of the increasing trends in the incidence of diabetes in youth and
raised the question: can the rice in diabetes incidence be attributed to a rise in awareness of diabetes risk
factors and use of health screenings by health care providers? This study examined trends in diabetes
diagnosis by self or parent reports. The multicenter (n=5) epidemiologic study consisted of data collected
from youth patients (n=5,111; age <20 years) who participated in the SEARCH study and were recently
diagnosed with diabetes in 2002-2010. Surveys were administered and collected. Data analysis indicated
that there was no evidence of screening changes in reported method of diagnosis over time for type 1 or type
2 diabetes. Dr. Saydah explained that this suggests that the estimates of incidence over time are unlikely
biased based on changes in screening patterns. Reported methods of diagnosis did differ by age and sex for
type 1 diabetes and by sex and race for type 2 diabetes.

▪ The survey asked "How did you find out you had diabetes?" and response categories
included symptoms, checkup, health screen, and other. Eighty four percent of the
responses detailed in the "other" section were recoded as symptoms. Overall, 95% of youth with type
1 diabetes reported their diagnosis being based on symptoms.

▪ Of those diagnosed with type 2 diabetes in 2002-2004, 69% reported their diagnosis
being based on symptoms and 27% reported their diagnosis being based on checkup.
In 2008, this changed to 61% and 35%, respectively. At ages 0-5 years and 5-10 years, children were
significantly more likely to be diagnosed based on symptoms. Males were more likely to be
diagnosed based on symptoms than were females.

▪ In type 1 diabetes, there was no difference in method of diagnosis when data was
analyzed based on race and ethnicity; 93% of diagnosis in type 1 diabetes was based on
symptoms. In type 2 diabetes, a significant difference in method of diagnosis was found based race
and ethnicity. For example, in Asian pacific islanders, 25% of diagnoses were based on symptoms
and 75% were based on checkup. In Native Americans, a higher number reported diagnosis based on
health screens (9%) compared to other groups.

▪ The study's strengths included its examination of self-reported methods of diabetes
diagnosis among youth and the assessment of temporal trends of diabetes type,
demographic, and characteristics. However, the study was weakened because it was based on
self-reports, which are not entirely reliable. Further, the influence of family history on possible
screening or awareness of symptoms is unknown.

Questions and Answers

Q: Did you observe differences in diagnosis by field center as different states may have
different policies?

A: We are planning to look at this soon.
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Q: I want to know, with respect to type 2 diabetes, if there are any patterns related to the
presence and absence of medical insurance?

A: We have looked at whether health insurance was reported and there was no difference.

Q: Did you look at social class and education level of parents or census track with median
income?

A: We looked at parental education and found no difference for type 2 diabetes patients. We have not looked
by census track.

MAPPING DIABETES INCIDENCE TO IDENTIFY HIGH RISK AREAS IN THE UNITED STATES
(185-OR)

Nilka Burrows, MPH, MT (Centers for Disease Control and Prevention, Atlanta, GA)

In 2010, nearly 26 million Americans had diabetes, of whom two million were newly diagnosed. Given that
diabetes prevention efforts impact short-term incidence, not prevalence, CDC epidemiologist Nilka Burrows
presented a county-level assessment of geographic patterns of diabetes incidence among adults (aged >20
years) in the US from 2004 to 2009 to identify high-risk areas. County-level estimates were obtained from
the Behavioral Risk Factor Surveillance System (BRFSS; an ongoing, monthly, state-based telephone
survey) and the Census, both of which rely on self-reporting of diabetes status and time of diagnosis. Data
was age-adjusted to the 2000 US standard population.

▪ In 2009, age-adjusted rates of diabetes incidence ranged from four per 1000 in
Colorado to 21 per 1000 in Alabama, with the highest adjusted incidence rates
concentrated in the southern and Appalachian states. Other counties with high incidence
were located along the Carolina coast and in Arizona, New Mexico, Eastern Oklahoma, the Dakotas,
and Maine, most of which tended to coincide with Native American lands.

▪ Counties with the greatest absolute incidence did not have the highest incidence rates,
and are located in large metropolitan areas: Los Angeles county (>50,000 new cases), Cook
county (>30,000; includes Chicago), Harris county (>20,000; includes Houston), and Maricopa
county (>16,000; includes Phoenix).

▪ In 2004, 494 counties (16%) had incidence rates of ≥11.7 per 1000. In 2009, 865 (28%)
did. Median incidence was 9.7 in 2004 and 10.1 in 2009, with increasing incidence along the
Mississippi Delta, Texas, the Carolinas, the southwest, and along the Appalachians.

▪ To explore the CDC's Diabetes Interactive Atlases (and find out how your own county
measures up), see http://www.cdc.gov/diabetes/atlas/.

Questions and Answers

Q: Since these numbers are self-reported, do you anticipate greater underestimation in rural
counties where health service availability is possibly lower for adults?

A: We use data from the BRFSS for counties with data, and we use the Census models to estimate incidence in
other counties.

Q: What data do you have on screening behavior? Changes in screening behavior from health
services might influence changes in reporting incidence.

A: Unfortunately, we don't have data on screening behavior. But on the county level, we have screening
behavior information about obesity screening, and we observe the same geographic patterns.

Meet the Expert Sessions

THE PEARLS AND PITFALLS OF OBSERVATIONAL EPIDEMIOLOGY IN DIABETES

Edward Boyko, MD, MPH (University of Washington, Seattle, WA) and Sherita Golden, MD
(Johns Hopkins University School of Medicine, Baltimore, MD)
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Dr. Edward Boyko compared the characteristics of randomized controlled trials (RCTs) and observational
studies, noting that despite RCTs being the standard, observational studies can fill in some important gaps
RCTs cannot, given the real-world limitations of such trials. For example, it is often not feasible to extend
RCTs to evaluate all outcomes of interest, or to conduct one with as large of a sample size as one would like
or with as complex a treatment scheme due to funding constraints. In particular, Dr. Boyko highlighted
sample size and study duration as the "pearls" of observational studies. However, the "pitfalls" of this type
of study include a host of biases - chief among these are information, selection, and confounding biases. He
noted that the rise of administrative databases has expanded our ability to carry out observational studies;
however, it is important to remember that what isn't listed in a database cannot be analyzed (such as height
for the calculation of BMI). Dr. Sherita Golden (Johns Hopkins University, Baltimore, MD), who introduced
the session, was very upfront in recognizing that one can insert biases at every stage of meta-analysis, but
highlighted that there is still value to meta-analysis despite its pitfalls. Dr. Boyko mentioned several tools
epidemiologists can use to make medical decisions, including the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement for cross-sectional studies and the Threshold
Approach to Clinical Decision-Making (Pauker and Kassirer, NEJM 1980), though he did not elaborate
further.

Symposium: Joint ADA/JDRF Symposium - Global Epidemiology of Type 1 Diabetes and
Implications for Public Health

A PUBLIC HEALTH MODEL FOR GENERAL POPULATION SCREENING FOR TYPE 1
DIABETES RISK - THE TEDDY TRIAL

William Hagopian, MD, PhD (Pacific Northwest Diabetes Research Institute, Seattle, WA)

Dr. William Hagopian presented the TEDDY trial's model for general population screening, which utilizes
HLA genetic testing at birth and islet autoantibody screenings every three months until 48 months of age,
and then every 6 months until the participant turns 15 years old. In addition to allowing the researchers to
track the development of type 1 diabetes, this model also may also allow for early intervention with novel
therapies. While acknowledging challenges in such large screening programs, Dr. Hagopian asserted that
islet autoantibody surveillance lowers morbidity and medical costs overall, allows researchers to study
early steps in type 1 diabetes pathophysiology, and may help improve testing paradigms and tools. TEDDY
enrolled 7,737 infants from the general population and 916 infants with first-degree relatives with type 1
diabetes (FDR) in its multicenter study. Overall, 3.5% of the general population and 8.8% of the FDR
population tested positive for multiple autoantibodies; presenting more than one autoantibody increases the
risk of progressing to diabetes in childhood to nearly 80%, according to Dr. Hagopian. Significantly, 75% of
the positive individuals came from the general population (rather than the FDR population), and the risk of
developing diabetes in the general population once they had tested positive for multiple autoantibodies
approached the risk of FDRs, highlighting the importance of screening beyond HLA. Overall, Dr. Hagopian
asserted that general HLA screening and autoantibody screening can significantly increase the proportion
of high-risk individuals that we identify and that the intensive model is actually more cost-effective when
comparing it to the cost of a hospital admission due to diabetic ketoacidosis.

HEALTH CARE DELIVERY FOR TYPE 1 DIABETES IN LOW- AND MIDDLE-INCOME
COUNTRIES

John Yudkin, MD, PhD (University College London, London, UK)

Drawing from personal experiences and published studies, Dr. John Yudkin described the state of type 1
diabetes care in low- and middle-income countries. We found his presentation particularly compelling, as it
reminded us on the first day of ADA that diabetes is a global epidemic that requires multi-faceted solutions
and collaboration. In 2000, Dr. Yudkin founded the International Insulin Foundation, which works to
improve insulin access and affordability. To date, the organization has studied the insulin supply of six
countries, and has identified several common issues - e.g., limited access to insulin (only at hospitals), a lack
of long-term patient records, and patients who themselves face economic difficulties. Dr. Yudkin highlighted
two problems in particular: 1) limited ability to diagnose and monitor diabetes; and 2) the absence of a
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national public healthcare system that can adequately manage the diabetes epidemic (details below). He
emphasized the importance of affordable care and advocated for the use of human insulin over insulin
analogs, the use of syringes over pens, and the use of metformin over new oral agents. In concluding his
presentation, Dr. Yudkin remarked that the International Insulin Foundation had recently launched the
"100 Campaign", which aims to achieve 100% access to insulin by 2022, the 100th anniversary of the drug's
discovery.

▪ The International Insulin Foundation uses a Rapid Assessment Protocol for Insulin
Access (RAPIA) to evaluate the supply of insulin at the macro level (e.g., national
organizations, government agencies, private/public drug importers, educators), the meso level (e.g.,
hospitals, regional health organizations, pharmacies, labs), and the micro level (healthcare workers,
traditional healers, and patients). In addition, the organization tracks the paths of insulin - from its
arrival into the country to the patient - to study patterns of care and to identify problems faced by
healthcare workers.

▪ Dr. Yudkin highlighted that HCPs in low- and middle-income countries have limited
ability to diagnose and monitor patients. Due to a lack of advanced tools, HCPs mostly use
urine glucose tests to diagnose diabetes. The prevalence of ketone stripes is quite low (ranging from
13% in Mali to 73% in Mozambique), making it challenging to diagnose diabetic ketoacidosis; as a
result, the condition is often fatal.

▪ Dr. Yudkin further explained that a large proportion (50-90%) of people in low- and
middle-income countries seek care at private hospitals, which often fail to keep long- term
medical records. He underscored that such countries need a public healthcare system that can cope
with chronic diseases such as diabetes, and he advocated that previous systems set up to treat HIV/
AIDS could be used to manage the diabetes epidemic.

▪ Dr. Yudkin pointed out the geographic variability of diabetes care in low- and middle-
income countries. For example, in Mozambique, the life expectancy for a newly diagnosed type 1
patient is 20 years in the capital city versus a mere 1.5 years in rural areas. Dr. Yudkin framed this
situation by citing Edwin Gale, who in 2006 wrote in The Lancet: "What is the commonest cause of
death in a child with diabetes? The answer - from a global perspective - is a lack of access to insulin."
Upon hearing this, we thought of Leonard Thompson, the first patient to receive injected insulin,
and we were reminded that insulin access remains a significant problem in many parts of the planet.

▪ Dr. Yudkin emphasized the importance of affordable drugs and advocated for the use
of cheaper therapies such as human insulin. He cited Vietnam as a case example, noting that
the annual average cost of treating type 1 diabetes ($660) exceeds the average yearly income ($600).
He commented that in many countries in Africa, the cost of insulin alone consumes 40-50% of the
total household income. Based on these data, Dr. Yudkin championed the use of human insulin over
insulin analogs, noting that in 2011, the WHO concluded that insulin analogs offer no clinical
advantage over recombinant human insulin. Dr. Yudkin also asserted that while new oral agents cost
nearly 40-times the price of metformin, they have not been shown to reduce long-term
complications.

METABOLIC MARKERS FOR TYPE 1 DIABETES - EVIDENCE FROM DPT-1/TRIALNET

Jay Sosenko, MD (University of Miami, Miami, FL)

Dr. Jay Sosenko presented findings suggesting that a risk score (the DPTRS) developed from the Diabetes
Prevention Trial-Type 1 (DPT-1) could accurately predict type 1 diabetes in first-degree relatives of type 1
diabetes who were auto-antibody positive. Notably, the DPTRS could accurately identify high-risk
individuals with normal glucose tolerance (NGT); compared to patients identified by dysglycemia, those
identified by the DPTRS were often much younger, suggesting diagnosis using dysglycemia omits high-risk
children. Use of the DPTRS score threshold was more consistently indicative of risk than dysglycemia across
two different type 1 diabetes prevention trials: DPT-1 and TrialNet. Dr. Sosenko also discussed the Index60,
which was derived from the DPTRS. He proposed a new algorithm for diagnosing type 1 diabetes (based on
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two-hour OGTT, Index60, or both) that could diagnose type 1 diabetes much earlier when their C-peptide
levels are higher. The proportion of people diagnosed with Index60 and concurrent two-hour OGTT (≥200
mg/dl) whom were later diagnosed with type 1 diabetes during trial follow up was 97% in DPT-1 and 91% in
TrialNet. Earlier diagnosis could reduce time and costs if used as an endpoint in prevention trials and could
also be considered for clinical application in order to preserve insulin secretion.

▪ Caveats and considerations: since the Diabetes Prevention Trial-Type 1 (DPT-1) and TrialNet
Natural History (aka Pathway to Prevention) study (TNNHS) studied people who were auto-
antibody positive, these results might not apply to auto-antibody negative populations. Additionally,
since the prediction accuracy of the DPTRS and Index60 is based on an aggregate of variables,
associations of individual variables should be interpreted with caution.

▪ The DPTRS is based on BMI, age, glucose, and C-peptide. It was developed based on risk
factors identified in the DPT-1 study and validated against the TNNHS.

▪ The Index60 is based on fasting C-peptide, 60-minute C-peptide, and 60-minute
glucose. Dr. Sosenko noted that 60-minute C-peptide and glucose were stronger predictors for type
1 diabetes than two-hour values in DPT-1. His group determined that an Index60 score of ≥2.3 was
sufficiently conservative, providing a positive predictive value at least equivalent to two- hour OGTT
≥200 mg/dl.

Questions and Answers

Q: So you can predict up to 90% of auto-antibody positive type 1 diabetes?

A: You can say there is a 90% risk based on DPT-1 and 80% based on TrialNet.

Q: What was the difference between the two trials?

A: DPT-1 was a higher risk cohort.

Q: Since ultimately we'll have ability for risk detection, do you think we'll change diagnostic
criteria for type 1 diabetes?

A: The current criteria are based on data accrued in adults and is based on when complications occur. I don't
think that is necessarily always relevant to children at risk for type 1 diabetes. We shouldn't ignore the other
criteria, but we can definitely improve prediction. And we should.

Q: Using Index60 in practice may be difficult since C-peptide assays lack standardization.

A: Yes so that is a potential issue. You would definitely need standardized tests. However, it did translate
between DPT-1 and TrialNet, which used different C-peptide assays between. But yes this is very dependent
on standardization, as it would be with antibodies or any of the predictors.

EPIDEMIOLOGY OF TYPE 1 DIABETES IN LOW- AND MIDDLE-INCOME COUNTRIES

Jaakko Tuomilehto, MD, PhD (University of Helsinki, Helsinki, Finland)

Dr. Jaakko Tuomilehto first introduced data from the WHO Diabetes Mondial (DiaMond) studies that
involved 106 centers in 71 countries and showed a 2.8% annual increase in type 1 diabetes overall. The
global variation in incidence is over 400-fold, with the highest incidence in Finland and the lowest in certain
areas of China - interestingly, there is a five- fold variation within China, as well. The incidence of type 1
diabetes is lower in less developed countries (32 per 100,000) compared to more developed countries (151
per 100,000), although the rate of increase in incidence is similar. Dr. Tuomilehto explained that in addition
to low genetic susceptibility, the low incidence might be attributable to missed diagnoses, high mortality
because of suboptimal care, and high rates of complications due to poor glycemic control. For example, in a
report from Tanzania almost 70% of the type 1 youth had an A1c over 11% at the start of the study.
Additionally, reduced fertility or reproductive rates can lower the incidence because the children of
individuals with type 1 diabetes have a ten-fold increase in their risk of developing type 1 diabetes. Dr.
Tuomilehto believes that social factors are important influences on diabetes incidence, as in China where
severe stigmatization and a lack of support leads to high rates of depression and suicide. Finally, he
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presented a series of studies from low and middle-income countries that showed a highly variable
epidemiology but a general increase in diabetes before calling for an increase in epidemiological research in
these regions.

Symposium: China Medical Tribune Symposium - Updating Diabetes Research in China - From
Bench to Real World

CURRENT STATUS AND CHALLENGES OF TYPE 1 DIABETES IN CHINA: A MULTICENTER
REGISTRATION STUDY FOROM GUANGDONG

Jin Li (Guangdong Diabetes Center, Guangzhou, China)

Dr. Jin Li presented preliminary results from a multicenter registration study characterizing the current
status of type 1 diabetes in the Guangdong province of China. In order to be included in the registry,
individuals must have been diagnosed with type 1 diabetes by an endocrinologist, be insulin dependent,
lived in the Guangdong province for at least a year, and must have: 1) obvious diabetes- related metabolic
disorder symptoms; 2) previous diabetic ketoacidosis or ketosis; 3) tested positive for diabetes-related
autoantibodies; or 4) fasting C-peptide levels of less than 200 pmol/l. Compared to Western populations,
those with type 1 diabetes in the Guangdong registry were older (the median age of onset was 27.3 years),
with lower BMI (only 11.8% were overweight or obese). In addition, people in the Guangdong registry tested
their blood glucose much less frequently than people in the T1D Exchange in the US (0.4 vs. 5.5 times per
day; Natl Med J Chin 2013; Diabetes Care 2013); Dr. Li explained that this was because test strips are not
covered by reimbursement. A low percentage (13.4%) of patients used insulin pumps, as the majority were
on MDI (50%) or took three or fewer injections per day (36.2%). Only 9% of patients achieved blood glucose,
blood pressure, and lipid targets, and the prevalence of microvascular complications was high in the
Guangdong population relative to the T1D Exchange population. In closing, Dr. Li highlighted the
implementation of a nationwide registry, long- term follow-up with patients in the Guangdong registry,
and epidemiological studies to characterize the incidence of type 1 diabetes in China as important areas of
future research.

Questions and Answers

Q: How complete do you think the ascertainment was of type 1 diabetes in the Guangdong
population? Would it be possible to use something like capture/recapture methodology of
several different approaches to identify different patients?

A: It is very difficult to completely distinguish type 1 diabetes from type 2 diabetes in large-scale studies. In
our studies, diagnosis was made by local endocrinologists. If the diagnosis was uncertain, endocrinologists at
the Guangdong Diabetes Center could review the data and make a decision, since the data was on the Internet
in the registry.

Q: Do you think we see such low numbers in type 1 diabetes in China because we lack a
definition for diagnosis or have lack of awareness of type 1 diabetes in China?

A: Based on data from Western countries, type 1 diabetes accounts for approximately 5% of total diabetes
cases. Maybe in the future we can explore some gold standard method or definition for type 1 diabetes.

Q: We know China has a ery heterogeneous population. What was the ethnic makeup of the
study population?

A: In our study, most of the patients were Han Chinese. Maybe in the future nationwide study we can analyze
the different ethnic groups in China.

Q: In your autoantibody positive type 1 patients, have you noticed any hotspots in terms of
environmental influences that may contribute to type 1 diabetes?

A: We haven't done this yet, but we do plan to look into this.
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Q: I was wondering if you could take a little bit more about who is entering data into the
registries. Is it doctors in outpatient clinics? I ask this, because doctors in outpatient clinics in
China are very busy.

A: Doctors or nurses in each hospital entered the data. We also hired a CRO to monitor.

FREQUENCY, IMMUNOGENETICS, AND CLINICAL CHARACTERISTICS OF LATENT
AUTOIMMUNE DIABETES OF ADULTS IN CHINA (LADA CHINA STUDY) - A NATIONWIDE,
MULTICENTER, CLINIC-BASED CROSS-SECTIONAL STUDY

Zhiguang Zhou, MD, PhD (Central South University, Hunan, China)

Called "Mr. LADA" in China, Dr. Zhiguang Zhou discussed the efforts of the LADA China Study Group to
characterize the disease in China. The group's nationwide, multicenter study aimed to determine the
prevalence of LADA in China among patients with clinically diagnosed type 2 diabetes. Among the 4,880
patients enrolled, 287 (5.9%) were diagnosed with LADA based on positive GAD antibody screening (Zhou
et al., Diabetes 2013). No age, gender, or ethnic differences were found between the LADA and type 2
diabetes groups. The investigators also collected genetic samples and performed HLA- DQ genotyping on
the LADA patients, comparing the results to those of 174 type 2 patients and 495 OGTT-screened healthy
controls. Dr. Zhou highlighted that the prevalence of LADA in China differs by geographic location, with the
highest prevalence in the northern parts of China and the lowest in the southern regions. Interesting, genetic
differences did not explain the north-south frequency gradient, suggesting that environmental factors may
play a role in the disease progression.

Questions and Answers

Q: Some people in Sweden first described type 2 diabetes patients that were negative for
antibodies at the time of diagnosis, but that tested positive later. Did you see this in China?

A: Yes, we have seen this type of patient in our clinical practice. Someone mentioned that autoimmune
diabetes overlaps later onto type 2 diabetes.

Q: Did you get the chance to compare the family histories of those with type 2 diabetes to those
with LADA to see the frequency of type 2 diabetes within the families?

A: Yes, we did; there was a similar percentage of type 2 diabetes in the family histories of these two groups.

Q: A couple of years ago, a publication suggested that China probably has 100 million type 2
patients. From your estimate, it would seem that China would then have roughly six million
LADA patients. From a clinical practice perspective, if we can identify these six million
patients, should we treat them differently than how we treat type 2 patients?

A: Yes, based on studies that looked at GAD-positive type 2 patients compared to antibody-negative type 2
patient, beta cell function decreases three-times as quickly in the GAD-positive patients. I think that if these
patient meet the high titer criteria, we have to treat them actively and use insulin.

Interest Group Discussions: Professional Section Interest Group Discussion on Epidemiology
and Statistics

WHICH MODEL OF EPIDEMOLOGY IS BEST - COHORT STUDIES OR LARGE
ADMINISTRATE DATABASES?

Lynne Wagenknecht, DrPH (Wake Forest University, Winston-Salem, NC) and Andrew Karter,
PhD (Kaiser Permanente, Oakland, CA)

Drs. Lynne Wagenknecht and Andrew Karter, who have collaborated on epidemiological studies in the past,
discussed the pros and cons of conducting cohort studies vs. administrative database studies. While both
study types aim to compare disease or condition rates between groups, exposure category, or intervention
(as in a clinical trial), key differences lead researchers to opt for one over the other. The discussion
concluded with an open panel discussion in which many audience members shared their own comments and
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opinions. As one might expect, neither method was found to be absolutely preferable to the other and the
two speakers agreed that each study type has well-defined strengths and limitations but in the end serve
specific purposes.

▪ Dr. Wagenknecht spoke in favor of cohort studies, highlighting the standardization of
measurement protocols as well as the ability to collect novel and potentially more
informative phenotypes. Cohort studies permit the collection of biomarkers, imaging, or genetic
information depending on the purpose of the study or hypothesis. Further, the statistical
methodology involved in correcting for bias and other concerns is more developed than in
administrative database analysis.

▪ In response, Dr. Karter criticized cohort studies as often being prohibitively expensive
and providing limited generalizability because they are not population- based. Further,
cohort studies can fall victim to self-selection and consequently tend to exclude older and sicker
patients. These studies are often challenging to carry out when investigating particularly rare
diseases or exposures because of the vast amounts of screening required before identifying a viable
cohort. Dr. Karter conceded that novel markers are only obtainable in cohort studies, but posited
that novel markers will not be relevant to 'usual' clinical care for at least several years.

▪ Dr. Karter claimed administrative database studies to be superior due to greater
relevance in the "usual care" setting with "typical patients." Administrative data studies
can be conducted using federal data (e.g. Medicare/VA/US Renal Data System), healthcare delivery
system data (e.g. Kaiser Permanente), or industry data (e.g. pharmacy claims databases). In addition
to offering large sample sizes and vast ethnic and geographic diversity, Dr. Karter argued that
administrative data studies are particularly efficient in surveillance studies and give researchers the
ability to study potentially unanticipated covariates when electronic health records are mined.
Perhaps most significantly and most obviously, these studies are far less expensive, since they
leverage data that has already been collected in the healthcare setting.

▪ Dr. Wagenknecht began her rebuttal by saying: "Just because you have two slides of
pros does not mean that administrative data studies are better." First, she challenged Dr.
Karter's claims of generalizability. For example, studies analyzing insurance claims data will, of
course, only provide information about insured patients. Administrative database studies also rely
on only surrogate phenotypes that sometimes oversimplify human physiology. Importantly, Dr.
Wagenknecht also noted that administrative studies deal with the challenge of a "tremendous
amount of missing data." For instance, A1c is often only recorded when physicians are monitoring
patients who have diabetes or are suspected to have prediabetes. This severely limits the ability of
researchers to study the transition from normal sugar levels to diabetic sugar levels. Further, when
pharmacy or insurance databases are analyzed, they exclude information about medications people
use from "outside the system."

PANEL DISCUSSION

Sherita Golden, MD (Johns Hopkins University School of Medicine, Baltimore, MD); Rita
Kaylani, MD (Johns Hopkins University School of Medicine, Baltimore, MD); Lynne
Wagenknecht, DrPH (Wake Forest University, Winston-Salem, NC); and Andrew Karter, PhD
(Kaiser Permanente, Oakland, CA)

Q: The accuracy of the diagnosis - you can say the criterion for diabetes as a certain A1c level is
pretty straightforward, but some criteria for other conditions particularly in the CNS are more
variable. How would you handle those?

Dr. Karter: Yes, that's a problem in large administrative databases. We could use a combination here where
we nest a large cohort study to validate a database whose outcomes look iffy.

Q: I've seen cases in the public domain, where many don't have your sophistication, of big data
being seen as gospel. What should we be aware of? Large databases can lend themselves to
great p-values where the clinical differences don't warrant that takeaway.
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Dr. Karter: I would blame the media rather than us (laughs). I would say to look at clinical relevance over p-
value.

Dr. Wagenknecht: It's our responsibility when we interpret the study to use clinical statements rather than p-
value statements.

Q: We just heard the DCCT/EDIC 30-year results and they're wonderful. We have a great
number of clinical trials we're trying to follow that limit our ability to start new trials. How
can we link these trials to CMS?

Dr. Wagenknecht: The Women's Health Initiative is doing this now.

Dr. Karter: From the Kaiser perspective, we have the Diabetes and Aging Study, which looks at treatments in
patients with diabetes and their treatment impact over the long term. In that sense, you can do hybrid studies
in the same data system.

Q: I have a question on ethical considerations. The University of California has been using
EPIC, which Kaiser uses, for a year and a half. We have data that goes back 20 years, and we
never use any of this data for study or publication. We haven't come to consensus either as a
University or with the patients.

Dr. Wagenknecht: Andy and I tend to stay away from this issue.

Dr. Karter: There's lot of variation between IRB to IRB in how this is addressed.

Q: I want to ask what each model is best, but more precisely, which is best for what? We've
dealt with this question in the longitudinal National Children's Study. We're trying to decide
whether to use cohort, administrative database, or move to HMO with a hybrid model. Should
we do surveillance studies in large administrative databases?

Dr. Wagenknecht: I would say those are studies of more clinical relevance in administrative databases. Cohort
studies go deeper in phenotype. That's the main contrast for me.

Q: The SEARCH Study combines surveillance centers and membership centers. It hasn't been
shown that the latter can't address trends in diabetes.

Dr. Wagenknecht: I think we need to find ways to do things more cheaply. That might mean using
administrative databases more than cohort studies.

Q: The pressure is on the cohort study side, as we've seen with the NSA - administrative
databases are there, someone is going to study it as some point. We'll have to come up with
ethical and clear criteria for analyzing it, but it will get analyzed.

Dr. Kaylani: I think for special populations, those that we don't have great data on depth-wise, cohort studies
are still a valid option.

Dr. Golden: Life course studies are more difficult to do for administrative databases. Cohorts would be better
for that.

Dr. Karter: We have members with diabetes who have been members for over 20 years at Kaiser. This would
be a hybrid study, but we do have the ability to follow them over the life course. Once people establish
themselves with a HCP, they're unlikely to switch.

Q: Coming in on the claims database side, you have to be careful to tailor your approach to
these things. At their heart, they're payment mechanisms that don't exist for health care, but
for expenses. You have to know the ins and outs of claims. On the generalizable debate, I want
to ask: generalizable to whom? If you're working with a large Medicare set, maybe that's only
generalizable to Medicare patients in that state.

Dr. Karter: I would agree. You have to be very careful about claims database. Kaiser wouldn't be that
company; it's not like an insurance company. Large pharmacy databases have a problem with missing data -
we don't know if the patient didn't take the medication or go outside the system to take the medication.
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Dr. Wagenknecht: They'll tell you what, but they won't tell you why.

Dr. Karter: Sometimes those limitations are not clinically relevant; sometimes they are hugely relevant.

Q: In terms of cohort studies, because it's so expensive, we can't ask the participants to come
back every year. For diabetes research, we had a problem defining when the onset of diabetes
through diagnosis was. Cohort studies are great for etiology. This community- based cohort in
Boston is able to link behavioral and clinical data to policy outcomes. I think that will be a
model for the future.

Q: Have you found a good way to diagnose prediabetes?

Dr. Wagenknecht: If we use the ADA definition, we could get the information from a chemistry panel. Dr.
Karter: In usual care, they use typical ADA guidelines like FPG. A1c is becoming more and more integrated
into the way of identifying prediabetes. Some people are looking into a two-stage screening process for
prediabetes. In a primary care practice, a clinician may look at a patient and say, "You're at a higher risk" and
send the patient for an earlier screening.

Q: Using a large administrative database study, can the result claim anything beyond
association, given that the outcome already existed when the database was established?

Dr. Karter: We do longitudinal research where we look at exposures and follow up over time, albeit it is not
randomized. In the stats world there are new trials like marginal structure models or instrumental variables in
which the findings match up quite well in randomized controlled trial findings. You could still make causal
inferences in observational data.

Dr. Kaylani: Most medical centers are moving to electronic health records (EHR). This is the time for us as a
research community to get down and dirty to get the variables there that would make the data friendlier for
research. Even today we have no language variable, hardly any SES variable. These are fundamental questions
to epidemiologic research. How do we as a research community get a seat at the table?

Dr. Karter: It's an important opportunity that as health delivery systems mature we can guide the path…
Having partnerships between systems is really important; being at the table is very important.

Dr. Golden: The EPIC system will come to us whether we like it or not. The reality is we can't even deliver the
best care without certain variables. We are doing a disservice to clinicians if we can't get the best data.

Comment: There is an effort to get specialists more engaged in this process. The effort has
been generated by a formative research project Terminology Harmonization Project that has
developed infrastructure to collect this data, make sure the data exists, ensure its use in a
harmonized way, and I think they've done it in a variety of domains like perinatal or neonatal.
I haven't seen diabetes there yet. I think that's maybe something we can all contribute to if we
hear more about those kinds of opportunities.

Dr. Karter: I want to put in a plug for the social factors; we know socioeconomic status can
have an impact on health outcomes. There's more of an interest in health literacy, language
barriers, living alone - we need to encourage our developers to talk to clinicians and social
scientists.

Dr. Kaylani: I think we can all come up with our pet list of variables. Being a PCP, I know what it's like to have
a list of boxes I need to check off in a 20-minute visit. That's the reality; not all of them can be put in by
administrative people. That's a huge burden.

Dr. Karter: I imagine the interaction with the patient. My brother is not a computer person and they're forcing
him to use EPIC. He doesn't like not interacting with the patient because he has to figure out where to go on
the computer screen.

Dr. Golden: Even as those systems are designed, they need to work into the workflow of the clinic. We could
maybe have mid-level care providers enter this data.
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Q: Could there be a change to the process where the patient enters this data? My
understanding is that there are large numbers of EHR systems. It would help if there was a
more standardized system. It could be designed to be friendlier at that level, too.

Dr. Karter: It sounds like you're putting in a plug for socialized medicine, which I agree with. I would love a
single-payer system with a centralized database. (applause)

Treatment Algorithms and Strategies

Current Issue: In a Patient Who Is Failing Oral Antidiabetic Agent Therapy, the Next Step Is
To?

ADD A GLP-1 AGONIST

Vivian Fonseca, MD (Tulane University Medical Center, New Orleans, LA)

Dr. Vivian Fonseca began his talk by discussing the disadvantages and limitations of insulin treatment for
type 2 diabetes, noting that it leads to weight gain, can increase the incidence of hypoglycemia, and can be a
challenge for older patients. He characterized insulin as a somewhat blunt instrument in that it exerts a
constant downward pressure on glucose levels. Dr. Fonseca remarked that GLP-1 agonists are an attractive,
more flexible treatment option, reviewing multiple studies that have shown the superior efficacy of once-
daily and once-weekly GLP-1 agonists compared to insulin glargine. He highlighted that GLP-1 agonists act
in a glucose-dependent manner, thus improving patients' postprandial glucose levels while maintaining a
low risk of hypoglycemia. Other studies indicate that GLP-1 agonists reduce biomarkers of cardiovascular
risk, improve endothelial function, lower blood pressure, and reduce body weight. Dr. Fonseca further
emphasized that GLP-1 agonists can also improve disposition indices and insulin sensitivity in a durable
manner, thought he noted that the therapies do not induce beta cell proliferation. Speaking briefly on the
currently hot topic of GLP-1 agonists and pancreatitis, Dr. Fonseca acknowledged the recent concerns,
though explained that he did not believe that the current body of evidence supports an association between
the two.

▪ Dr. Fonseca noted that the treatment paradigm for type 2 diabetes begins with
lifestyle modification and metformin and proceeds to oral agents. Framing this debate,
he noted that if a patient requires further glycemic control, he or she can add an injectable agent -
i.e., a GLP-1 agonist or basal insulin. Dr. Fonseca noted that basal insulins increase the risk of
hypoglycemia, require frequent blood glucose monitoring (which can be expensive), promote weight
gain, and can be challenging for older patients. He highlighted that unlike GLP-1 agonists, basal
insulin cannot correct several defects observed with diabetes, including the reduced incretin effect,
as well as abnormally elevated glucagon levels.

▪ Both once-weekly and once-daily GLP-1 agonists have been shown to provide greater
A1c reductions compared to insulin glargine. Dr. Fonseca acknowledged that some studies
may have used less-than-sufficient dosages of insulin glargine, and that basal insulins generally
provide greater reductions in fasting plasma glucose levels compared to GLP-1 agonists. Looking
beyond just glycemic control, Dr. Fonseca pointed out that GLP-1 agonists provide the added benefit
of weight loss (compared to the weight gain typically observed with insulin therapy), and appear to
be particularly effective at decreasing visceral fat mass.

▪ Dr. Fonseca noted that GLP-1 agonists have a better safety profile than basal insulins,
particularly in respect to the risk of hypoglycemia. Multiple studies show that exenatide and
liraglutide produce significantly fewer episodes of hypoglycemia compared to insulin treatment. Of
interest, early data appear to indicate that GLP-1 agonists can improve biomarkers of cardiovascular
risk such as triglyceride levels, blood pressure, and artherosclerotic plaques. On this front, Dr.
Fonseca remarked that some of this data comes from animal studies, and that the ongoing
cardiovascular outcomes trials for GLP-1 agonists will provide greater clarity in the upcoming years.

▪ "GLP-1 agonists versus basal insulin" may not be an either-or debate. Combination of the
two drug classes may provide the best results, due to their complementary effects and synergistic
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actions. Dr. Fonseca explained that basal insulins contribute more to the regulation of fasting
glucose levels while GLP-1 agonists are particularly effective at lowering postprandial glucose
excursions. Dr. Fonseca highlighted the potential of Novo Nordisk's IDegLira (insulin degludec/
liraglutide), which has demonstrated a better efficacy/safety profile than both liraglutide and insulin
degludec alone (these results were presented during the oral session on GLP-1 agonists; for further
details, please see page 17 of our ADA Day #2 report at http://close.cx/ADA2013Day2).

ADD INSULIN

Parresh Dandona, MD (State University of New York, Buffalo, NY)

After briefly recalling the history of insulin treatment, Dr. Parresh Dandona focused the majority of his
presentation dispelling commonly held misconceptions regarding the safety of insulin. He emphasized that
insulin is the most potent glucose-lowering agent, and can be used any time during the natural course of
diabetes. Dr. Dandona stated that insulin has no side effects other than hypoglycemia, which can be
minimized with proper titration. Reviewing a number of mouse and in vitro studies, he highlighted that
insulin confers profound anti-inflammatory action, cardioprotective action, potential anti-atherogenic
action, and potential protection against Alzheimer's disease. Though he did not discuss the use of a GLP-1
agonist versus basal insulin in great detail, he commented that patients with an A1c of 8.5% and above
should start on basal insulin to address elevated fasting glucose, and that patients with an A1c of over 10%
would not benefit much from a GLP-1 agonist because elevated fasting glucose is the main contributor to
hyperglycemia at higher A1cs. Lastly, Dr. Dandona showed several CGM tracings demonstrating reductions
in glucose variability in patients with type 1 diabetes when liraglutide (Novo Nordisk's Victoza) was added
on to their insulin therapy. In closing, Dr. Dandona noted that every drug has its own place, and that it is up
to clinicians to make sure they use them appropriately to best help their patients achieve good glycemic
control.

▪ Dr. Dandona stressed that insulin has a safe cardiovascular profile, and may actually
be anti-atherogenic. He highlighted results from the ORIGIN trial, which showed no divergence
of the incidence of cardiovascular events between those treated with insulin glargine versus standard
care in the trial. In the GRACE study, a substudy of the ORIGIN trial, the maximum common cIMT
and bifurcation cIMT were significantly improved with patients treated with insulin glargine versus
standard care.

▪ Subsequently, he emphasized that there is no evidence of cancer risk in humans with
insulin treatment. He noted that these concerns were drawn entirely from in vitro studies in
which insulin was administered at concentrations far greater than physiologic levels, and that there
is no data showing a mitogenic effect with insulin at physiologic or near physiologic concentrations.
In the ORIGIN trial, the incidence of various types of cancer was balanced versus standard care,
reassuring Dr. Dandona of insulin's safety regarding cancer risk.

▪ Though it has been suggested that insulin causes hyperlipidemia, Dr. Dandona noted
that it could actually lower lipid levels. In a review of the literature, he found no good evidence
of any increase in lipid levels with insulin treatment; rather, LDL and triglycerides decreased
(Chaudhuri and Dandona, DOM 2011).

▪ Noting the relatively high contribution of fasting hyperglycemia to total hyperglycemia
in patients with high A1cs (Monnier, Diabetes Care 2003), Dr. Dandona
recommended for patients with A1c of 8.5% and above to start on basal insulin to
address elevated fasting glucose. He commented that using a GLP-1 agonist for a patient with
an A1c over 10% would not do much, since most of the hyperglycemia is a result of elevated fasting
glucose; instead, basal insulin would be able to get patients down to target, with minimal
hypoglycemia if titrated properly. For those who want to minimize weight gain, Dr. Dandona
advocated for the use of basal-bolus therapy versus biphasic insulin with either basal or prandial
insulin, given reduced weight gain with the therapy. In addition, he noted that basal- bolus therapy
provided improved control compared to sliding-scale insulin (Umpierrez et al., Diabetes Care
2007), and reduced the rates of postoperative complications for those who underwent surgery
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(Umpierrez et al., Diabetes Care 2011). Dr. Dandona commented that newer insulins aren't even
necessary for good glycemic control - in the DEAN trial, regular insulin plus NPH provided similar
control as insulin detemir plus insulin aspart (Umpierrez et al., JCEM 2009).

PANEL DISCUSSION

Guillermo Umpierrez, MD (Emory University, Atlanta, GA); Vivian Fonseca, MD (Tulane
University School of Medicine, New Orleans, LA); Parresh Dandona, MD (State University of
New York, Buffalo, NY)

Q: No study has shown that GLP-1 agonists reduce the risk of cardiovascular complications.
Can you predict whether they will reduce these risks?

Dr. Fonseca: I can only say, "give me a break." It took nine years for DCCT to show such an effect. But we all
accept that glucose levels and A1c are good surrogates for cardiovascular risk. I don't see why there would be
differences between drugs in that sense.

Dr. Dandona: I agree that GLP-1 agonists haven't been given enough time. My prediction is that these agents
will be shown to reduce complications independent of glycemia.

Q: I want to raise a question around weight change being seen as an important factor in late
type 2 diabetes management. I'm not aware of any study except the obesity studies that were
randomized and that show a strong association with weight loss from any pharmacologic
agent in type 2 diabetes reducing microvascular or macrovascular disease risk. Conversely,
out of the studies that show an increased macrovascular event rate with insulin, I'm not aware
of evidence saying that it's related to weight change. Do we have enough evidence to show that
weight is a therapeutic target of its own in late type 2 management?

Dr. Fonseca: It is an important question. However, let me just say that you're not primarily using these drugs
to lower weight. You're using it for glycemic control, but weight gain is distressing for the patient who is trying
to lose weight. The point I'm trying to make is that it's against what the patient wants and what you're telling
the patient - you're telling patients that you want them to lose weight and then you give them agents that
make them gain weight? There's no data saying that you're causing cardiovascular disease by making them
gain weight. However, weight is linked to other diseases such as sleep apnea that affect the patient. Weight
gain is contrary to what the patient may desire and I think it's an important consideration.

Q: In terms of combination therapy, when orals are failing and we decide to put patients on
insulin, there are some patients on high doses of insulin who remain on sulfonylurea
treatment. What are your thoughts on this?

Dr. Fonseca: In terms of sulfonylurea use in the presence of a high dose of insulin, you might get some benefit
if the patient is only on basal insulin. If the patient is using prandial insulin, I'm not sure you'd get much by
continuing to use a sulfonylurea.

Q: Do you have any comments on the use of GLP-1 agonists in type 1 patients?

Dr. Dandona: We've used this agent in a limited number of patients with type 1 diabetes, no more than 100.
We've published two papers in this area. One was in patients with well-controlled type 1 diabetes on both a
continuous subcutaneous insulin infusion system and a continuous monitoring system. They were well
controlled and got better controlled. The other group was patients that had badly-controlled type 1 diabetes,
with an A1c around 8%, who were also obese. In that group, GLP-1 agonists worked too, and reduced A1c,
body weight, and systolic blood pressure. There were spectacular falls in blood pressure. You can see that
paper in Endocrine Practice. In both sets, it works. To pronounce a much more detailed sort of algorithm is
still some time away; this is just the beginning of the story.

Dr. Fonseca: The issue of gastric emptying and its impact on A1c is an interesting one. I refer you to Michael
Horowitz in Australia, who has done a lot of work in this area. Nutrient delivery is important in terms of
glucose excursions, but I don't know whether it affects A1c a lot.. It may affect the variability of glucose, but
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whether that has an impact on A1c is also highly debatable. There is no study yet showing that flattening it out
has an effect on A1c.

Q: Two questions for the experts. First, when you start either basal insulin or GLP-1 agonists,
what do you usually do with the dosages of sulfonylureas? Because many patients in a clinical
setting will be failing on metformin and sulfonylureas when you need to move to these agents.
Secondly, when you add a basal insulin, what is your view of the optimal time at which to give
the basal insulin?

Dr. Dandona: Let's start with the basal insulin issue. In our unit, basal insulin is usually given at bedtime, but
we sometimes find that patients fall asleep before they take it. If that happens, we ask them to take it at
dinnertime. I'm reluctant to ask them to take it at breakfast time, because I'm not yet convinced that they act
for a full day.

Dr. Fonseca: There was one study done where glargine was given in the morning or the evening, and the effect
on A1c was essentially the same. To get back to your first question about sulfonylureas, there is no best option.
If your A1c is high, it may be inappropriate to stop. If the A1c is low enough, because sulfonylureas have been
shown to be associated with hypoglycemia, you may want to lower or stop sulfonylureas.

Q: For patients who are doing well on high-dose insulin, would they be good candidates for
GLP-1 therapy? I'm thinking of people on 100 units of insulin a day.

Dr. Dandona: I don't see why not. I personal believe - and I've had this hang up for decades now - that when
you inject insulin, not all of it gets into your body. And therefore, in the obese patients in particular, you may
be injecting a lot of insulin that's not getting into the circulation. What is surprising is that when you give five
micrograms of exenatide, it makes it to the target almost immediately. So therefore, what you just said is very,
very relevant. Usually when I start these patients on a GLP-1 agonist, the insulin dose comes down and
glycemic control improves.

Dr. Fonseca: There's a lot of interest in the use of high-concentrated insulin - e.g., U300 and U500. We need
to explore this area further.

Dr. Umpierrez: There was an abstract last year that looked at very high doses of insulin and compared add-on
placebo to add-on GLP-1 therapy. The GLP-1 agonist resulted in significant improvements in A1c with less
weight gain.

Q: For patients on both metformin and a DPP-4 inhibitor, is it worth adding a GLP-1 agonist,
or would you go to basal insulin?

Dr. Fonseca: You have to have a lot of money to add a GLP-1 agonist to a DPP-4 inhibitor. There's just no data
on it at this point.

Dr. Dandona: Also, remember that these molecules that we are using are manufactured on the basis that they
are resistant to degradation by DPP-4.

Q: You talked a lot about the risk of cancer with insulin, but didn't talk about the issue with
GLP-1 agonists. In the UK in the popular media, we've been having a debate about whether
GLP-1 agonists cause pancreatic cancer.

Dr. Fonseca: I like the way you used the phrase "popular media" to refer to the BMJ. But like I said, what we
need to see are proper studies, not these little anecdotal reports drawn from databases based on sub-
reporting. We need to take patient level data from many randomized control trials and put it all together to
see what's going on.

Q: Can you address the issue of the 24-hour or 24-hour-plus insulin? There's a dawn
phenomenon in type 1 diabetes, which exists to some extent in type 2 diabetes. The patients
that take basal insulin in the evening are accustomed to titrating the dosage according to
fasting glucose level. If you get the dose down before breakfast, that's when patients are the
most insulin resistant. And some are going to run into trouble before supper, when they are
less insulin resistant and still have the same amount of insulin on board. We had some
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patients on glargine and their fasting glucose was at goal - 90 mg/dl - and they were getting
hypoglycemia before supper and we had to switch them to Levemir. Do you think this will be a
problem for degludec?

Dr. Dandona. You seem to imply with confidence that Levemir has a shorter duration of action.

Dr. Umpierrez: We've heard a lot about long-acting insulins at this meeting, and we've heard a
lot about long-acting GLP-1 agonists that could be dosed once weekly or longer. What do you
anticipate will happen with these new insulins and GLP-1 agonists? Will we stick with what we
have, or shift to using these new drugs?

Dr. Dandona: I think time will tell. I'm trying to dodge the question, because we have so much on our plate
right now. The menu is so large, the choices so many. We can be brainwashed for a while into using specific
preparations. And of course, degludec would come up with the idea that it is stable, with highly predictable
bioavailability, pharmacodynamics, and so on, but I think only time will tell what its utility is. The reason I
included your [Dr. Umpierrez's] slide is for the simple reason that you asked the question whether we are
going overboard with these novel preparations. You showed that good old regular insulin and NPH worked as
well as insulin detemir and insulin aspart. I think that only time will tell with these new agents. Clinical
practice will tell. We can model utopia in clinical trials, but whether this utopia gets translated is another
matter.

Dr. Fonseca: Predictions are usually wrong, especially when they are about the future.

Dr. Umpierrez: Could you provide any comment about long-acting GLP-1 agonists?

Dr. Fonseca: I think it's very attractive for patients to have a long-acting preparation, as it improves
compliance. I want to point out the Intarcia product - it's subcutaneously implanted for six months, and may
even go for one year. Compliance is assured for that duration [Editor's note: we previously reported on ITCA
650's phase 3 trial in our March 22, 2013 Closer Look: http://www.closeconcerns.com/knowledgebase/r/
ab30a6c3].

Dr. Umpierrez: If I have a patient on metformin and sulfonylurea, what would you recommend next?

Dr. Dandona: If the patient's A1c is above 8.5%, it has to be basal insulin. If it's less than 8.5%, you have an
argument, but you need basal insulin to bring it down to that. Normally, a GLP-1 agonist will not get you
down to 7% when your A1c is greater than 8.5%.

Dr. Fonseca: I totally agree with that. You may get it in an occasional patient, but what is the chance of that
effect?

Oral Sessions: GLP-1 Agonists in Practice

INITIAL TRIPLE COMBINATION THERAPY IS SUPERIOR TO STEPWIDE ADD-ON
CONVENTIONAL THERAPY IN NEWLY DIAGNOSED T2DM (72-OR)

Muhammad Abdul-Ghani, MD, PhD (University of Texas Health Science Center, San Antonio,
TX)

Most people in the GLP-1 agonist oral session remained for the last presentation, during which Dr.
Muhammad Abdul-Ghani presented the results of Dr. Ralph DeFronzo's triple therapy trial. The open label,
randomized controlled trial assigned 155 drug naïve, newly-diagnosed type 2 patients to either triple
therapy (metformin plus pioglitazone plus exenatide) or conventional therapy (metformin followed by the
sequential addition of a SFU and then basal insulin). The drug doses were titrated to avoid hypoglycemia
and to achieve an A1c <6.5%. At 24 months, those in the triple therapy arm experienced a lower average A1c
(6.0%) compared to those in the conventional therapy arm (6.6%; p<0.001) from a baseline A1c of 8.6%.
Compared to the conventional group, the triple therapy group had a greater proportion of participants who
achieved an A1c <6% (27% vs. 60%; p<0.001) or an A1c <7% (72% vs. 92%; p<0.001). The triple therapy
approach also provided greater improvements in body weight (-1.2 kg [-2.6 lbs]) compared to the
conventional therapy approach (+4.1 kg [+9.0 lbs]). On the safety front, Dr. Abdul-Ghani highlighted that
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the triple therapy group had a lower rate of hypoglycemia compared to the conventional group (15% vs.
46%, respectively), despite having a lower average A1c. However, triple therapy was associated with a
higher rate of GI side effects compared to conventional therapy (33% vs. 21%, respectively), as well as a
higher rate of edema (5.3% vs. 1.3%, respectively), though Dr. Abdul-Ghani commented that no cases of
heart failure were observed. Based on these results, Dr. Abdul-Ghani concluded that HCPs should "treat the
disease, not the symptoms, and treat the patient, not his blood sugar."

▪ Dr. Abdul-Ghani discussed the rationale for evaluating a
metformin/pioglitazone/exenatide triple therapy. He noted that both the ADA and EASD
now recommend lowering the A1c to as close to normal as possible while avoiding hypoglycemia;
however, despite this guidance, no previous study has examined the optimal therapy to achieve this
goal. Dr. Abdul-Ghani's group hypothesized "that in newly diagnosed type 2 diabetes, initiating
therapy with agents that correct known pathophysiological defects will produce a greater, more
durable A1c reduction while avoiding hypoglycemia compared to the currently- recommended
approach of sequential addition of agents that lower plasma glucose but do not correct the
underlying metabolic defects." Dr. Abdul-Ghani highlighted that pioglitazone and exenatide were
chosen because of their favorable effects on insulin resistance and progressive beta cell failure,
respectively.

▪ The open label, randomized controlled trial assigned 155 drug naïve, newly- diagnosed
type 2 patients to either triple therapy (metformin plus pioglitazone plus exenatide) or
conventional therapy (metformin followed by the sequential addition of a SFU and then basal
insulin to maintain A1c ≤6.5%). At baseline, participants had an average age of 46-47 years, BMI of
36-37 kg/m2, diabetes duration of 5 months, A1c of 8.6%, and fasting plasma glucose (FPG) of
190-192 mg/dl. In both arms, investigators up-titrated the drug dose to achieve an A1c of <6.5%.
The primary endpoint was the difference in A1c between the triple therapy and conventional therapy
groups at 24 months. The investigators also measured a range of secondary endpoints pertaining to
glycemic control, body weight, and hypoglycemia.

◦ Participants visited the clinic every month for the first three months, after
which they had a follow-up visit every three months. At the follow-up visits, physicians
would decrease the medication doses if a patient experienced hypoglycemia (blood glucose
<60 mg/dl) or symptoms of hypoglycemia.

◦ In the triple therapy arm, participants received metformin (1,000 mg/day, titrated to
2,000 mg/day at month one), pioglitazone (15 mg/day titrated to 30 mg/day), and
exenatide (5 µg twice daily titrated to 10 µg twice daily). If the patient did not achieve an
A1c <6.5% at three months, the pioglitazone dose was increased to 45 mg/day.

◦ In the conventional therapy arm, patients started with metformin 1,000 mg/day; if
the patient's FPG exceed 100 mg/dl after the first month, the metformin dose was
increased to 2,000 mg/day and glyburide was initiated at 5 mg/day. If the patient had a
FPG >100 mg/dl or an A1c >6.5% at month two, the glyburide dose was escalated to 10
mg/day. If the patient was unable to achieve FPG <100 mg/dl or A1c <6.5% at month
three, insulin glargine was initiated at 10 units/day and the dose was increased based on
FPG levels.

◦ Treatment failure was defined as an A1c >6.5% on two consecutive visits three
months apart despite maximum dosages. The rescue therapy for the conventional
therapy arm was Humalog 4-6 units before meals, with a dose escalation to maintain a
two-hour post-prandial glucose level <140 mg/dl. The rescue approach in the triple
therapy arm was two fold: 1) insulin glargine 10 units in the morning with dose escalation
to maintain FPG <100 mg/dl and an A1c <6.5%; and 2) the initiation of Humalog after
reaching the maximum glargine dose of 60 units per day.

▪ At 24 months, the average A1c in the triple therapy arm (6.0%) was significantly lower
than the average A1c in the conventional therapy arm (6.6%; p<0.001). While both
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groups had a similar average A1c at six months (~6.0%) , those on triple therapy maintained the A1c
reduction while those on conventional therapy experienced a rise in A1c. Median A1c levels were
5.8% and 6.4% for the triple therapy and conventional therapy groups, respectively, at 24 months.

◦ Kaplan Meier curves show that roughly 50% of those who failed the triple
therapy approach failed within six months; in contrast, the failure rate in the
conventional therapy arm was relatively steady over the course of the 24-month study. To
Dr. Abdul-Ghani, this result indicates that the triple therapy affects the course of the
disease, in particular beta cell failure - i.e., the primary defect behind hyperglycemia.

◦ A greater proportion of patients in the triple therapy arm achieved an A1c
<6% or an A1c <7% compared to those on conventional therapy (60% vs. 27% for
an A1c <6%; 92% vs. 72% for an A1c <7%; p<0.001 for both comparisons).

◦ Triple therapy was associated with a 1.2 kg (2.6 lbs) weight loss while
conventional therapy was associated with a 4.1 kg (9.0 lbs) weight gain.

▪ Dr. Abdul-Ghani highlighted that while the mean A1c with triple therapy was 0.6%
lower than that observed with conventional therapy, the triple therapy arm had a
much lower risk of hypoglycemia (15%, vs. 46% for conventional therapy). No serious
hypoglycemia events were observed in the trial.

◦ The triple therapy arm was associated with slightly higher rates of GI side
effects, as well as higher rates of edema, though Dr. Abdul-Ghani noted that no
cases of heart failure were observed.

Adverse Events

Type Conventional Therapy Triple Therapy

Any adverse event (%) 87% 90%

Hypoglycemia (%) 46% 15%

Serious hypoglycemia (%) 0% 0%

Edema (%) 1.3% 5.3%

GI side effects (%) 21% 33%

Deaths (#)* 2 0

Fractures (#) 0 0

* not treatment related

Questions and Answers

Moderator [Dr. Julio Rosenstock]: This controversial data is now open to discussion.

Q: The number of patients was small and the A1c range at baseline was very wide. I'm
wondering if the treatment differed in people with lower vs. higher A1c levels at baseline.

A: It's impossible to say because we don't have the statistics to stratify response by A1c; however, anecdotally,
patients with higher A1c levels at baseline did less well than those with lower A1c levels to start.

Oral Sessions: Improving Health Care Delivery

PATIENT PREFERENCES FOR ORAL ANTIHYPERGLYCEMIC THERAPY (210-OR)

A. Brett Hauber, PhD (RTI Health Solutions, Durham, NC)
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In a discrete-choice experiment sponsored by Merck (n=923 people with type 2 diabetes surveyed), Dr. Brett
Hauber found that out-of-pocket cost and glucose control were the first- and second-most important
attributes of oral type 2 diabetes medications. Dosing frequency, weight change, and adverse event rates
(including hypoglycemia, chance of mild-to-moderate "stomach problems," and additional congestive heart
failure) were moderately less important to patients though still significant. Looking more specifically at
dosing frequency, Dr. Hauber found that 67% of patients, particularly those who were young (<45 years
old) or treatment naïve, preferred once-weekly to daily administration. The average respondent was
willing to pay $5.86 more per month for a once-weekly pill than a once-daily pill (holding all else constant)
- a margin we found to be surprisingly small and potentially of import as companies decide on whether or
not to invest in developing once-weekly basal insulin, DPP-4 inhibitors, etc. During Q&A, Dr. Hauber noted
that people taking multiple once-daily medications might prefer to another once-daily rather than once-
weekly treatment, in order to limit day-to-day changes in their medication regime. Still, Dr. Hauber
hypothesized that once-weekly dosing might provide an additional incentive to initiate and adhere to a
given treatment for many patients, particularly those who are young or drug-naive. We are curious if these
sub-population findings might lead Merck to target these groups when it launches its once-weekly DPP-4
inhibitor MK-3102 (phase 3). We suspect that Merck supported this research, in part, to help develop
strategies for introducing MK-3102 to the market in a manner that does not cannibalize Januvia (once-daily
sitagliptin) sales. For more details on MK-3102 and Januvia, please see our Merck 1Q13 report at

http://close.cx/Merck1Q13.

▪ Participants (n=923) were recruited by Knowledge Networks. Knowledge Networks is a
nationally representative web panel of US households. Dr. Hauber acknowledged that the diabetes
sample might not be nationally representative, however. People were included if they were 18 years
or older, residents of the US, and self-reported being diagnosed with type 2 diabetes by a physician.
They were excluded if they were currently using either insulin or a GLP-1 receptor agonist. We think
this latter exclusion could have negatively biased people's stated concerns with GI adverse events,
since people with diabetes might not be on a GLP-1 receptor agonist due to this concern.

◦ The researchers invited 2,262 people to participate in the study, of which 940 eligible
people consented to participate. Four people were excluded since they did not answer any
choice questions and 13 were excluded because they had no variation in responses to choice
questions, raising concerns about the honesty of their responses.

▪ The sample was not representative of age, race/ethnic identity, or insurance status. It
also had slightly more women than men.

Characteristics Respondents

Male 45%

White 79%

Have health insurance 95%

Currently being treated with an oral antihyperglycemic drug 79%

Mean age, years (SD) 63 (11)

18-44 7%

45-64 47%

65 or older 46%

Treatment Status

Currently on treatment 79%
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Treatment naive 21%

Time since diagnosis

≤3 years 30%

>3 years 70%

▪ The direct-choice experiment presented participants with pairs of hypothetical oral-
agent profiles and asked them to select the drug they would prefer to take. The profiles
were defined by seven attributes: dosing, cost, and five clinical endpoints. These endpoints included
average glucose reduction, GI adverse event risk, weight change, and congestive heart failure risk,
and hypoglycemia frequency. Implicit preference weights were determined for each treatment
attribute based on a participant's pattern of choices. Data was analyzed using a limited dependent
variable model.

◦ The study included four dosing frequencies (once-weekly, once-daily, two bills once a
day, and one pill twice a day).

◦ Values for average reduction in glucose (from a baseline of 206 mg/dl) included 20, 30,
40, 50, 60, and 70 mg/dl.

◦ The chances of mild-to-moderate stomach problems included were 10%, 23%, 25%,
and 30%. The frequencies of hypoglycemia tested were none, 1-2 hypos per year, 1-2 hypos per
month, and more than 2 hypos per month.

◦ The amount of weight change tested ranged from six pounds of weight gain to six pounds
of weight loss (baseline not provided).

◦ Additional chances of congestive heart failure included no additional chance, additional
1% chance, and additional 3% chance.

◦ The monthly out-of-pocket cost ranged from $0 to $200.

▪ The most important attribute for an oral drug was its monthly out-of-pocket cost and
the second most important reduction to average glucose (from a baseline of 206 mg/dl).
Based on a graph displayed it appeared that people went from preferring a drug due to cost to
disliking a drug due to cost, when the monthly out-of-pocket cost was more than $25 and less than
$100.

Attribute Mean relative importance score

Monthly out-of-pocket cost 10.6

Reductions in average glucose (baseline 206 mg/dl) 5.3

Hypoglycemia risk 3.1

Weight change 2.6

Chance of mild-to-moderate stomach problems 2.5

Additional chance of congestive heart failure 2.0

Dosing schedule 0.8

▪ Overall, 67% of the cohort preferred once-weekly to daily treatment (either one or two
pills a day). People who were drug naïve were more likely than their on-treatment counterparts to
prefer once-weekly treatment to daily treatment (75% vs. 65%; p=0.012). Similarly, people who were
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younger than 45 years old were more likely than those 45-64 years old or at least 65 years old to
prefer a once-weekly treatment to a daily option (78% vs. 66% vs. 66%). However, the variation in
preference by age was not statistically significant (p=0.065 for the comparison of <45 years to 45-64
years, and p=0.074 for the comparison of <45 years to ≥65 years). Dr. Hauber believed this
insignificance was because of the low enrollment of younger people. People who had been diagnosed
within three years had essentially same preference for a once-weekly treatment as those who had
diabetes for at least three years (66% vs. 67%).

▪ People's willingness to pay was greatest for the transition from a two-pill once-a-day
dosing schedule to a one-pill once-a-week option ($13.88 a month). The least financially
valued dosing change was going from one-pill twice a day to one-pill once a day ($3.34).

Change in dosing schedule

From To Willingness-to-pay per month (95% CI)

One pill once a day One pill once a week $5.86 ($0.79, $12.47)

Two pills once a day One pill once a week $13.88 ($8.06, $22.83)

One pill twice a day One pill once a week $9.50 ($3.36, $17.96)

Two pills once a day One pill once a day $8.03 ($2.56, $15.21)

One pill twice a day One pill once a day $3.34 ($0.20, $10.21)

Two pills once a day One pill twice a day $4.38 ($0.31, $10.94)

▪ Dr. Hauber did not detail his findings for parameters other than dosing frequency. He
did, however, mention that a 13-percentage point reduction in GI risk (from a baseline risk of 23%)
was about equally important to the cohort as a two-percentage point reduction in cardiovascular
heart failure risk (from a baseline risk of 3%). Not particularly surprising was his finding that a 13
percentage point reduction in GI risk (from a baseline of 23% risk) was more preferred by the cohort
than a five percentage point reduction (from 30% risk).

Questions and Answers

Q: Do you have any information on these patients? For example do you know what they were
treated with at baseline? Their prior experiences undoubtedly impact how they view these
questions.

A: We do not know the specific drugs that they were on. In a previous study we did, we found that people who
had a relatively high pill burden placed little value on lowering the frequency with which they took one
medication. We probably could look at the same thing here; we have that data. We often find that serious
events that impact you in some major way (such as severe hypoglycemia) tend to impact your preferences over
that event. The smaller events you learn how to adjust to.

Q: Is there any information on the preferences of patients on vitamin D? Vitamin D can be
given once a day to once a month. In my anecdotal experience, it is much less likely that they
will take it once a month vs. taking some amount of vitamin D every day.

A: That is correct. I do not know about vitamin D in particular but there is evidence that gets exactly to that
point. From my reading what I see is that people prefer for it to be a part of a regular routine - daily is
obviously the easiest for that, weekly is possible, monthly is also possible. Every other day does not appear to
work. Monday, Wednesday, and Friday appears to work but every other day doesn't.

Q: Why do some people not prefer daily dosing?
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A: I think that the previously raised point gets to the idea that it is not unambiguously better to take a pill
once weekly than once daily. People who are already taking something once a day might want to just add
another once a day drug than to do something different once a week. That is a hypothesis on my part.

DETERMINANTS OF NON-ADHERENCE TO DIABETES MEDICATIONS (209-OR)

Ronald Aubert, PhD (Research and Evaluation Analytics, Ann Arbor, MI)

In individuals with chronic health conditions, lack of medication adherence represents a major barrier to
achieving treatment goals and is associated with poorer health outcomes. Dr. Aubert presented a study that
sought to identify factors associated with medication adherence and non-adherence. Using the Large
Pharmacy Claims Database, a cohort was developed of 300,755 individuals who had diabetes, were greater
than 20 years of age, were on less than three diabetes medications, and had two or more claims for a non-
insulin diabetes medication. The modified metric for adherence used in this study was defined as either a
medication possession ratio (MPR; a measure of the percentage of time a patient has access to medication)
of greater than or equal to 0.8 or an MPR of less than 0.8 if a patient switched therapies. Less than 80%
coverage was considered non-adherent. A variety of patient, medication, and prescriber factors were
assessed using logistic regression analysis to determine their independent association with non-adherence.
In the total sample, 24% of patients met criteria for non-adherence. Risk for non-adherence to diabetes
medications was found to be highest in younger patients, women, patients using retail pharmacies (vs. mail
order), patients new to diabetes therapies, and patients prescribed fewer total medications. Those who were
adherent tended to be older patients with higher income and education levels. Interestingly, being
prescribed medications by a diabetes specialist was associated with greater adherence. While these data are
certainly intriguing, we feel it may also be beneficial to address the environmental, sociocultural, and
personal determinants underlying medication adherence. In order to effectively increase rates of treatment
compliance, a more in-depth analysis of the contextual factors influencing adherence may be necessary.

Questions and Answers

Q: One of the concerns we've often had is that with the advent of Wal-Mart type $4
formularies, people tend to pay out of pocket with cash because it's cheaper than a co-pay.
How did you deal with that in your analysis?

A: Excellent question. We had a survey that we sent out to people as part of an adherence program, where we
asked if they were filling their prescriptions at retailer chains offering $4 co-pay. We found that this
accounted for only 4-10% of people of the surveyed population, so it was relatively small. For people with
chronic illness, it was about 5% of the sample.

Q: Why limit the study population to patients on less than three diabetes medications?

A: It was a convenience factor for us from a computational perspective.

Q: This is more of a comment, but I think this type of analysis is a bit of a red herring. We
shouldn't be looking for the non-adherent person; in fact, this personality profiling is a bit old.
We need to be spending time and effort on looking at peoples' beliefs about their medications.
I don't think we should be looking for one type of person; instead, I think we should be
studying everyone's beliefs about their medications and identifying the points in their lives
with diabetes that they are struggling with their medications.

A: I would I agree with that.

Oral Sessions: The Broad Spectrum of Diabetes Education-Strategies for Delivery

ARE WE REALLY READY TO DELIVER DIABETES SELF-MANGEMENT SUPPORT? (308-OR)

Janice Koshinsky, RN (University of Pittsburgh, Pittsburgh, PA)

Ms. Janice Koshinsky argued for the use of diabetes self-management support (DSMS) plans in the ongoing
process of imparting the knowledge, skill, and ability necessary for prediabetes and diabetes self-care,
called diabetes self-management education (DSME). Studies have shown that sustained improvement in A1c
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requires ongoing follow-up and education. This is better achieved through DSMS, which incorporates
multiple forms of on-going self-management support (such as websites and support groups), as opposed to
DSME, which is directly facilitated by health professionals and lays the primary foundation of education
(Norris et al., Diabetes Care 2001). In order to plan future DSMS programs, Ms. Koshinsky presented the
results of a retrospective review of documentation representing 11 DSME program sites in western
Pennsylvania and 2,448 DSMS plans. The most frequently identified form of DSMS was medical health
(follow-up with professional healthcare workers, n=2,323) and the majority of plans included only one form
of support, with less than 5% of plans containing more than two forms of support. Medical DSMS was the
only form referenced in 41% of plans, with plans with two forms of support most frequently including
medical/community support or medical/family or friends support, which represented 30% and 19% of
plans, respectively. In the brief Q&A, Ms. Koshinsky reiterated the need for more reliance on community
and social support, given the limited resources of diabetes health professionals and educators.

Questions and Answers

Q: What do you think is the best model for follow-up support?

A: I don't know if there is one best plan. I think it needs to be individualized based on needs and resources. I
think we need to think out of the box. We know that we're referring them back to the healthcare resources, but
they're limited. We need to look at community support and social support, as well as other health workers. We
have a lot to do in order to define what these different levels of support are.

Meeting the Expert Session

THE ABC OF EVIDENCE-BASED CARE FOR YOUTH WITH TYPE 2 DIABETES

Tamara Hannon, MD (Indiana University, Indianapolis, IN)

Dr. Tamara Hannon led an interactive chalk talk on the treatment of type 2 diabetes in youth. Engaging the
audience in a case study of an adolescent female recently diagnosed with type 2 diabetes, she discussed
special considerations for youth, focusing on diagnosis and treatment. Overall, given the poor adherence
observed in this population and the potential for deleterious downstream effects, she stressed the
importance of early, aggressive, and individualized treatment plans, designed to maximize compliance.

▪ Dr. Hannon stressed the importance of screening for type 2 diabetes in patients with
risk factors, even at an early age. A1c demonstrates poor specificity in youth, with affected
patients having A1cs >6.5% only 15% of the time, and thus she recommended using the two-hour
OGTT for diagnosis. She reinforced that even with increasing prevalence of type 2 diabetes, type 1
diabetes remains a common cause of glucose dysregulation in this population and therefore must be
ruled out in each screened patient.

▪ In terms of treatment, Dr. Hannon recommended beginning with metformin, in
addition to diabetes education and lifestyle change. The TODAY study showed that the
disease remains progressive even in this younger population, with many youth requiring a second
therapy within a few years of beginning treatment. Dr. Hannon suggested this supported the
importance of early, aggressive treatment - even if only to reinforce to the family the seriousness of
the disease, given the poor adherence observed in this population. Guidelines suggest a target
treatment goal of <7.0%, though Dr. Hannon noted, "the lower, the better."

▪ If initial therapy fails, Dr. Hannon pushed for insulin initiation. While guidelines suggest
initiation at A1cs >9.0%, she recommended for an 8.0% threshold. When deciding on a regimen, she
suggested individualization should guide treatment, given the wide range of health literacy and
resources present in this population. With respect to other treatments, she highlighted the use of
rosiglitazone in the TODAY trial but suggested concerns over cardiovascular outcomes make it
difficult to justify use in youth. While currently unapproved, she looked forward to results from
ongoing trials with GLP-1 agonists in this population. She also expressed enthusiasm for ongoing
trials examining the effect of early insulin treatment on beta cell longevity.
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Questions and Answers

Q: What are the guidelines for patients with microalbuminuria without elevated blood
pressure?

A: We still recommend treatment with an ACE inhibitor.

Symposium: Exercise as Adjunct Therapy for Insulin Sensitivity and Diabetes

LIFESTYLE, DRUGS, OR SURGERY? A CLINICIAN'S PERSPECTIVE

Samuel Dagogo-Jack, MD (University of Tennessee Health and Science Center, Memphis, TN)

Dr. Samuel Dagogo-Jack reviewed the major pros and cons of lifestyle intervention, pharmacology, and
bariatric surgery before moving on to his guiding beliefs in the clinic. While he is always willing to start
with lifestyle intervention (in a memorable statement, Dr. Dagogo-Jack said "Anyone with an arm and a leg
is a candidate for lifestyle intervention"), he readily recognizes the difficulties of long-term adherence to any
intensive lifestyle intervention program. In a very interesting series of slides on pharmacology, he
documented his hypothesis that a 1% reduction in weight corresponds to a 15% reduction in the relative risk
(RRR) of developing diabetes. Using this theory, Dr. Dagogo-Jack projects a 60-90% RRR for the 4-6%
weight loss observed with GLP-1 receptor agonists, a 45% RRR for the 2-3% weight loss observed with
SGLT-2 inhibitors, a 45% RRR for the 3% observed with locaserin, and a 100% RRR for the 8-9% weight loss
observed with phentermine/topiramate (if the theory moves linearly). In an elaborate chart documenting
his views on the different modalities of treatment, Dr. Dagogo-Jack identified lifestyle therapy as most
effective for diabetes prevention and insulin sensitivity, drugs most effective for diabetes control, and
surgery most effective for diabetes control, prevention, weight loss, blood pressure, lipids, and insulin
sensitivity. Nonetheless, he still views bariatric surgery as a last resort. In the long run, he expressed
concern for micronutrient deficits, hypoglycemia, and waning treatment efficacy. He aligns his clinical
recommendations with the ADA, in which bariatric surgery is appropriate for those adults with BMI >35
kg/m2 and type 2 diabetes, especially if the patient has associated comorbidities and has failed both lifestyle
and drug interventions. Even then, patients with type 2 diabetes who have undergone bariatric surgery still
require lifelong lifestyle support and medical monitoring. In closing, he underscored the ever-present need
for data on the long-term benefits, cost-effectiveness and risks from well-designed RCTs with optimal
medical and lifestyle arms.

Questions and Answers

Q: Adherence to lifestyle intervention is difficult. Bariatric surgery works well, but not every
patient is willing or can afford. Drugs have costs and side-effects. How would you suggest we
prescribe these modalities?

A: The AACE 2013 algorithm proposes a complications-centric approach. There are many overweight people
whose metabolic profiles are surprisingly pristine. Targeting such a person with surgery or drugs is
inappropriate. Lifestyle intervention is a foundational intervention. Then you use clinical judgment to layer on
top of lifestyle while you consider pharmacology, opting to surgery as a last approach.

Symposium: Behavioral Interventions for Diabetes-Evidence From Recent Intervention
Studies

FINANCIAL INCENTIVES VS. PEER MENTORING FOR DIABETES - WHAT WORKS?

Judith Long, MD (University of Pennsylvania, Philadelphia, PA)

Dr. Judith Long reviewed the evidence supporting the use of financial incentives and peer mentoring
programs to promote more effective management of type 2 diabetes. In regard to peer mentoring, Dr. Long
noted that peer mentors have shown an effect in improving glucose control, particularly in low income and
minority communities. She explained that peer mentoring programs contribute informational and
emotional support to improve attitudes towards diabetes. While group medical appointments have been
shown to improve diabetes management (e.g., increasing rates of test ordering), they have failed to
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demonstrate consistent improvement in clinical measures such as A1c or blood pressure (Edelman et al.,
Ann Intern Med 2010). In contrast, a study that randomized patients with diabetes to either reciprocal peer
support or nurse care management for six months demonstrated that subjects in the peer support arm
experienced reductions in A1c (8.02% to 7.73%) whereas subjects in the nurse care management arm had
worse control (7.93% to 8.22%). In regard to financial incentives, Dr. Long indicated that evidence is still
lacking for or against their use. Evidence in patients with diabetes mostly reflects small, non-randomized
studies that are short in duration, with many more studies demonstrating positive outcomes for weight loss.

Symposium: Diabetes in Older Adults (Supported by an Independent Educational Grant from
Boehringer Ingelheim and Eli Lilly)

GLYCEMIC TREATMENT GOALS IN ELDERLY SUBJECTS WTH DIABETES

Dawn D. Smiley, MD, MS (Emory University School of Medicine, Atlanta, GA)

Dr. Dawn Smiley emphasized the importance of focusing on type 2 diabetes control in elderly patients. With
an expected increase of 188% in the population aged >65 by 2050, glycemic control for the elderly will
become increasingly important for the future of diabetes care. However, limited information is available
due to lack of studies on this population, highlighting the need for future research. While recent A1c target
guidelines published by the ADA, EASD, AACE, and American Geriatrics Society reflect the growing
importance of individualized treatment regimens, Dr. Smiley emphasized that individualization may be
particularly important in the elderly.

Corporate Symposium: Practical Strategies for Improving Outcomes in T2DM: The Expert
Course (Sponsored by Sanofi)

THE NEW ADA/EASD POSITION STATEMENT

Silvio Inzucchi, MD (Yale University, New Haven, CT)

Dr. Silvio Inzucchi opened the evening with a review of the ADA/EASD guidelines for managing
hyperglycemia. He noted that a dramatic rise in available anti-hyperglycemic agents since the 1990s has
provided novel options for addressing the complex pathogenesis of diabetes, but has also presented new
challenges for providers. New guidelines were necessary due to this increase in choices, new efficacy and
safety data, new data regarding the benefits and risks of tight glycemic control, and a renewed focus on
patient-centered care. Dr. Inzucchi emphasized the guidelines' patient-centered approach, exemplified by
their glycemic targets that depend on patient attitude, life expectancy, disease duration, comorbidities,
vascular complications, and support systems. He also explained that in drafting the guidelines, the
committee tried to emphasize intensity of approach rather than specific numeric targets. Dr. Inzucchi
concluded by asserting that personalization of therapy will be achieved not only by physicians using the
new guidelines, but also by their choosing add-on therapies based on anticipation of drugs' efficacy, patient-
concerns about adverse effects, and how advantages of certain drugs meet patients' current needs (i.e.
weight loss).

INSULIN THERAPY 2013: THE KEY QUESTIONS

Samuel Dagogo-Jack, MD (University of Tennessee Health Science Center, Memphis, TN)

Dr. Samuel Dagogo-Jack began his presentation with a question: When two oral agents fail to control type
2 diabetes, would you: 1) add a third oral anti-diabetic medication? 2) start insulin? or 3) start a GLP-1
receptor agonist? He admitted that there are no right answers, because different patients are in different
stages in the evolution of the disease. Dr. Dagogo-Jack strongly encouraged the use of insulin therapy to
correct the defects present in type 2 diabetes: a depletion of endogenous insulin reserves due to beta-cell
failure and increasing insulin resistance. Of the three landmark trials analyzing methods of reducing
microvascular complications, the DCCT, Kumamoto, and UKPDS trials, Dr. Dagogo-Jack noted that only
DCCT and Kumamoto achieved lasting reductions in A1c. He attributed this distinction to the use of insulin
dosing titrated by self-monitoring of blood glucose. Dr. Dagogo-Jack also reviewed the results of the
ORIGIN trial to assure the audience that there is no excess risk of cancer with glargine therapy. (Notably,
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79% of the audience was already convinced that there was no excess cancer risk prior to Dr. Dagogo-Jack's
review of ORIGIN.) Consequently, physicians considering initiating insulin therapy are left with five key
questions:

1. When in the course of type 2 diabetes is it appropriate to routinely use insulin?

2. How do we determine that time or stage in any given patient?

3. What is the ideal initial insulinization strategy?

4. How should insulin therapy be intensified once initiated?

5. Do recent data demonstrating the efficacy and benefits of GLP-1 receptor agonists alter traditional
approaches to the timing and deployment of exogenous insulin therapy?

COMBINATION PARENTERAL THERAPY: THE NEXT HORIZON?

Paresh Dandona, MD, PhD (University at Buffalo, Buffalo, NY)

Dr. Paresh Dandona noted that with the traditional three meal per day schedule, patients can spend a great
deal of the day in postprandial hyperglycemia. Postprandial hyperglycemia is the major contributor to
overall hyperglycemia for many patients with A1c levels below 8.5%, and thus presents an appealing
therapeutic target. Dr. Dandona noted that GLP-1 agonists may help bring down postprandial glucose by
restoring the incretin effect; he specifically suggested that adding GLP-1 receptor agonists to basal insulin
can provide additional glycemic control without hypoglycemia, and may lead to weight loss. He then
reviewed other advantages of GLP-1 agonists, including their glucose- dependent actions and their positive
effects on visceral body fat. To differentiate the available GLP-1 agonists, he noted that short acting GLP-1
receptor agonists - exenatide and liraglutide - have a greater effect on postprandial glucose, while the long-
acting exenatide-LAR has a greater effect on fasting plasma glucose levels. In the spirit of the symposium,
Dr. Dandona suggested that these differences offer the potential for individualized therapy.

PANEL DISCUSSION

Paresh Dandona, MD, PhD (University at Buffalo, Buffalo, NY); Silvio Inzucchi, MD (Yale
University, New Haven, CT); Samuel Dagogo-Jack, MD (University of Tennessee Health
Science Center, Memphis, TN); Davida Kruger, MSN (Henry Ford Medical Center, Detroit, MI)

Q: I don't think you addressed patients who have uncontrolled A1c, like 13% or 14%. What
strategies do you think would be good for these patients? What about a patient who failed two
oral medications and has an A1c of 13? Or someone who has just failed metformin, with an A1c
of 13%?

Dr. Inzucchi: The answer is different based on where we start. According to ADA/EASD guidelines, you
should consider aggressive insulin strategies from the get-go. Once the A1c is 10-11%, you can consider other
oral anti-diabetics, once the glucose toxicity is removed. Until glucose toxicity is eliminated, these drugs might
not exert their best effect. So, in summary, I would use insulin in these patients. I would consider metformin,
depending on renal activity. I don't know if I would go on basal insulin immediately, or use a basal/bolus
approach. I might use the more aggressive approach - it might take months to get anywhere near control on
basal alone.

Ms. Kruger: We have to distinguish between a patient who is newly diagnosed vs. a patient who has failed
metformin. If the A1c is 13%, sometimes they've been symptomatic long enough that they don't even realize it
anymore. But I think the basal/bolus approach is very aggressive. Once you see the glucose toxicity reduced,
then you can scale back the insulin and let the beta cells rest. At that point, you can see where you are at so the
orals can kick in. Sometimes patients do well on one oral agent, after a long period of time. I would still
choose insulin that instance. But, I think those are different scenarios.

Dr. Dagogo-Jack: Patients are heterogeneous. Somebody's A1c of 13% might indicate chronic undiagnosed
diabetes, or it might indicate poorly managed diabetes of many years. While it's academically very necessary
to try to bring glucose toxicity down by using the most potent therapy before testing whether oral agents work,
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I have had push back from some newly diagnosed patients with double digit A1cs. When I suggest the "I"-
word, they are terrified. But I have also had success with patients on metformin, sulfonylureas, and TZDs. I
have seen as high as six point decreases of A1c, from 14 to 8%, within a couple of months. One cannot be too
prescriptive in this matter.

Dr. Dandona: As you can see, this is a common enough problem at the general practice level, but it rarely
arrives at the academic center level. And clearly, there are differences in opinion about how to handle it. But I
think all of us agree that initially at that level, a little basal insulin would be of enormous help to get the A1c to
normal levels, and the beta cells can rest, and then you can add different pieces, apart from metformin.

Q: I'd like to know if you can comment on the cost-effectiveness of GLP-1 agonists, for example
in a patient with a reduction of 0.6% A1c. I'm wondering the value of a person spending up to
$350 a month for an agent, and if that's really cost-effective.

Dr. Inzucchi: Some people have criticized sulfonylureas for the risk of weight gain. But pound for pound, their
ability to reduce A1c is without comparison. Physicians practice in two worlds: one where patients pay out of
pocket, and one where someone else is covering the costs. We tend to prescribe differently if someone else is
covering the costs. I think there are additional costs - some side effects of medications, besides hypoglycemia,
so it's a complex calculus. But I do agree that in the circumstance of patients of limited means that GLP-1
receptors are often out of reach.

Ms. Kruger: I'd also point out that if you choose insulin, and you don't use human insulin and choose analog
insulin, that two vials of analog insulin is the same cost as a GLP-1. So if you're thinking about the benefit to
the patient in terms of lack of hypoglycemia and weight loss, your average vial of insulin is $125-150 as well
unless you go for human insulin, which is about $25.

Q: Could you talk about the use of GLP-1s in patients with gastroparesis?

Ms. Kruger: It's contraindicated in gastroparesis because those patients have delayed gastric emptying, so you
don't want to further delay it. In terms of pancreatitis and cancer, the verdict is out. In Diabetes Care you'll
see articles come out - an article and a rebuttal out this week - and I think that will clear things up. The
important thing is to monitor carefully, and not use them with people who have a personal family history of
thyroid cancer, and that people need to be able to recognize the symptoms of pancreatitis. In the next two
weeks, there will be more information to make these judgments.

Dr. Dagogo-Jack: In general, patients with mild or any form of gastroparesis will have a greater tendency to
complain about the gastrointestinal effects of just about every drug that has gastrointestinal side effects. So, I
would have a low threshold to divert to another class.

Dr. Inzucchi: Last week, the NIDDK and the National Cancer Institute put together a workshop, where the
high level conclusion was that they could not find convincing evidence between GLP-1 receptor agonists,
DPP-4s, and pancreatic cancer. However, they could find no evidence to refute this connection. Pancreatitis
can occur - these cases are hard to dismiss, so there may be a low level of risk of pancreatitis. I've personally
not seen a case. A recent paper from JAMA showed that a twofold risk was concerning, but there are other
papers that don't seem to find this link.

Dr. Dandona: I have had many patients on GLP-1s and DPP-4s over the past 8 years, and we've seen only one
case of acute pancreatitis, which was resolved. So I don't think the incidence in clinical practice is that high.
But, only time will tell as we learn more information in patient registries.

Dr. Inzucchi: Also, large cardiovascular studies, which are beginning to close out now, or within the next few
months, will show whether or not there is a real risk of pancreatitis.

Q: Quite often, I'll have patients who are well controlled with metformin, sulfonylureas, and
pioglitazones. But they'll come to me with a press report saying that pioglitazones are banned
in two countries. Do I listen to the patient's fear of bladder cancer? Do I reduce the dose? This
is a real-world question.
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Dr. Inzucchi; I've tended to practice with the motto of "If it ain't broke, don't fix it." If a patient is doing well,
then I tend to not like the change. The bladder cancer issue has been eroded into the use of pioglitazone. I
think we all agree that it is otherwise a well-tolerated medication. This is a very complex issue. I've looked at
the databases that have been analyzed and I'm personally not convinced of an association. Specifically, the
study that raised this question from Kaiser Permanente in California has reanalyzed their data with many
more accumulated patient-years and they find no association.

Unfortunately, the analysis was never published for a variety of reasons, which I'm not aware of. We know
that this study will conclude with a ten-year analysis that will hopefully provide a definitive answer. But
unfortunately, that won't be published until 2014. So I think that this question still haunts this drug class.
There's a fear of edema, bone fractures, and wounds. In the end, sometimes your patient just wants a
discussion with the physician, and they want to see what clinical data has been published.

Dr. Dagogo-Jack: Remember, we have an agency that oversees all food and drugs, and they have very
qualified researchers. And drug companies are required to share their safety information. So I don't think the
FDA is shy to sanction a product. The current advisory of the product is to not use pioglitazone with a patient
with bladder cancer family history, and to discuss the signs. As they have said, they have not made a judgment
about whether there is a causal relationship. But I think its safety is responsible interim advice that we can
follow. The moment that this is no longer the case, it will be taken from the market.

Dr. Dandona: Even the lowest doses are effective. I'd love to get some data about effects based on dose-
response relationships. Because that's totally missing - we're talking about generic side effects.

Type 1 Diabetes Therapies (Cure Related)

Oral Sessions: Islet Transplantation for the Treatment of Type 1 Diabetes

USE OF LIRAGLUTIDE IN ISLET TRANSPLANT RECIPIENTS 12-MONTH FOLLOW UP
(137-OR)

Eduardo Moraes Leao Peixoto, MD (University of Miami, Miami, FL)

Looking for a way to slow islet transplant graft's loss of function without short-acting exenatide's
(BMS/AZ's Byetta) tolerability issues, Dr. Eduardo Moraes Leao Peixoto investigated the impact of
liraglutide on graft function and glycemic control. In a prospective study (n=6), Dr. Peixoto found that
liraglutide did slow the deterioration of graft function and was well tolerated. Dr. Peixoto hypothesized that
chronically higher GLP-1 levels (basal and stimulated) could lead to longer islet survival. However, he found
that liraglutide also did not decrease gastric emptying to the extent of short-acting exenatide. Notably, the
abnormal glucagon response to 300-minute mixed-meal tolerance test often seen among people with type 1
diabetes was inhibited by short-acting exenatide for up to 36 months of use but was not inhibited by
liraglutide treatment. We are curious what impact (if any) these latter findings could have on the
desirability for short-acting exenatide vs. liraglutide in type 1 diabetes - presumably since overeating is not
generally a problem in type 1 diabetes, the lack of effect on gastric emptying may not be an issue.

▪ In this prospective study on islet transplant recipients with positive C-peptide (n=6);
at baseline five were on exenatide and one on sitagliptin (all exenatide was stopped
prior to the study). Liraglutide was then started at 0.6 mg daily and increased to 1.2 mg daily
after one week. The insulin dose was not changed (all participants were only on insulin glargine).
Data on insulin, glucose, C-peptide, acetaminophen (to measure gastric emptying time), glucagon,
and GLP-1 in response to a 300 minutes Mixed Meal Tolerance Test (MMTT) were collected at zero,
six, and 12 months, in addition to body composition data, A1c, and glucose finger stick readings.

▪ Dr. Peixoto found that liraglutide was well tolerated. Strikingly, no nausea was observed,
and appetite increased in all patients. Additionally, weight loss was observed in 67% of patients after
six months (3.6 +/- 9.5 lbs). 33% had weight loss at month 12 (1.4 +/- 4.9 lbs; baselines not
provided). No severe hypoglycemia episodes occurred, and the liraglutide dose was reduced in two
participants due to constipation or diarrheas.
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▪ For background, several years ago Dr. Rodolfo Alejandro's (University of Miami,
Miami, FL) group investigated the effect of short-acting exenatide treatment
(BMS/AZ's Byetta) following transplantation (n=16). They found that exenatide had a
positive effect on glycemic control and islet graft function, however, 63% the patients discontinued
the drug due to adverse events. Hearing about liraglutide's superior tolerability Dr. Peixoto, now a
member of Dr. Alejandro's group, decided to investigate its use in people with islet transplants.

Questions and Answers

Q: Did you notice between the two cohorts you treated with exenatide and liraglutide if you
had to use different doses of immunosuppressants?

A: There was no difference in immunosuppression or the absorption of medication.

Q: I was wondering if some of the results could be explained by the specific dose of liraglutide
you chose. Did you have any way of doing a dose comparison? In terms of the timing of the
testing that you were doing the A1c could be impacted.

A: We aimed to give them the highest dose that we could to improve their glucose control. It was a very small
sample.

RESTORATION OF GLUCOSE COUNTERREGULATION BY ISLET TRANSPLANTATION IN
LONG STANDING TYPE 1 DIABETE (130-OR)

Karen Teff, PhD (University of Pennsylvania, Philadelphia, PA)

Dr. Karen Teff presented the results of a study examining the effect of intrahepatic islet cell transplantation
on glucose counter-regulation and hypoglycemia symptoms in patients with long- standing type 1 diabetes.
In this study, patients with type 1 diabetes (n=12; average duration 29 years) with evidenced hypoglycemia
unawareness underwent hyperinsulinemic hypoglycemic and euglycemic clamp procedures prior and six
months following intrahepatic islet transplantation. Results were compared to healthy controls (n=8).
Clamp procedures demonstrated full to partial recovery of various metrics of glucose counter-regulation in
patients post-transplant, including glucagon, epinephrine, pancreatic polypeptide, free fatty acids, and
autonomic symptom scores; Dr. Teff indicated these results supported consideration of intrahepatic islet
transplantation for patients with severe hypoglycemia unawareness.

▪ Patients with type 1 diabetes are known to show a diminished response to low glucose
levels as well as hypoglycemia unawareness, increasing the risk of severe
hypoglycemia. Patients lose the first line of defense to hypoglycemia through the islet cells
(increased glucagon release and decreased insulin release) and have been shown to have a
diminished second line defense via the sympathetic response (increased epinephrine and autonomic
symptoms) as well. This study aimed to confirm if intrahepatic islet cell transplantation has a
restorative effect on these functions.

▪ In this study, patients with type 1 diabetes (n=12) underwent hyperinsulinemic
hypoglycemic and euglycemic clamp procedures prior and six months following
intrahepatic islet transplantation; results were compared to healthy controls (n=8).
Patients had a mean type 1 diabetes duration of 29 years with evidenced hypoglycemia unawareness
(by Clarke hypoglycemic score of 6.3 and HYPO score of 2,564). Patients receiving transplantation
were given on average 9,468 islet equivalents/kg by a portal vein infusion, with 10/12 patients
becoming insulin-independent and an overall A1c decline from 7.0% pre- to 5.6% post-transplant.
Baseline A1c in healthy controls was 5.5%.

▪ Clamp procedures demonstrated full to partial recovery of various metrics of glucose
counter-regulation in patients post-transplant. During hypoglycemic clamp, patients pre-
transplant showed a reduced glucagon response, which was recovered post- transplant though still
diminished versus healthy controls; pancreatic polypeptide and epinephrine showed similar
patterns with near-complete recovery, whereas autonomic symptom scores and free fatty acid levels
in response to hypoglycemia were fully recovered post-transplant. There was a restoration in
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endogenous glucose production post-transplant as well, lost in pre- transplant patients. During
euglycemic clamp, post-transplant patients showed no difference versus normal controls in the
amount of insulin or C-peptide production as well.

Questions and Answers

Q: I was interested in how it did not restore complete epinephrine response. Do you know why
that is?

A: It's probably due to the beta cell mass, which is still likely not equivalent.

Comment: The restoration in glucagon secretion you are observing is likely either due to alpha
cells recognizing hypoglycemia or epinephrine causing the release. You could answer that by
giving a beta blocker beforehand.

A: That would be a very interesting experiment. Thank you.

Oral Sessions: ADA President's Oral Session I

RESTORATION OF GLUCOSE COUNTERREGULATION BY ISLET TRANSPLANTATION IN
LONG STANDING TYPE 1 DIABETES (20-OR)

Michael Rickels, MD (University of Pennsylvania Perelman School of Medicine, Philadelphia,
PA)

Dr. Michael Rickels opened his presentation by briefly explaining that patients with long-standing type 1
diabetes and complete insulin deficiency show defective glucose counterregulation and impaired
hypoglycemia. This study aimed to determine the effect of intrahepatic islet transplantation on glucose
counterregulation and hypoglycemia symptoms recognition in patients with long-standing type 1 diabetes.
The study evaluated both endpoints in 12 type 1 patients prior to and six months after undergoing
intrahepatic islet transplantation (9,648 islet equivalents/kg by portal vein infusion); the results were
compared to eight healthy controlled participants. At the time of the post transplantation assessment, 10 of
the 12 patients had achieved insulin independence, with the two remaining patients requiring low dose
insulin. Monitoring profile demonstrated sign reduction in mean glucose, standard deviation, and time
spent in hyperglycemic state. Following the transplantation, intrahepatic islets appropriately turned off
insulin secretion and turned on glucagon secretion in response to insulin- induced hypoglycemia. The islet
transplant recipients also exhibited improved sympathoadrenal responses (epinephrine secretion and
autonomic symptoms) - likely due to hypoglycemia avoidance - and also demonstrated reversal of HAAF.
These improved primary and secondary defenses against hypoglycemia were associated with restored
endogenous glucose production during insulin-induced hypoglycemia, evidencing correction of defective
glucose counterregulation in long standing type 1 diabetes. In concluding, Dr. Rickels remarked that
ongoing studies are assessing the durability of these responses at 18 months post-transplant.

▪ At baseline, the trial group (n=12) and control group (n=8) were comprised of similar
gender distribution (M/F: 5/7 vs. 4/4), mean age (46 vs. 44 years), and BMI (both 25 kg/m2). The
trial group had a mean duration of type 1 diabetes of 29 years, complicated with hypoglycemia
unawareness.

▪ To assess glucose counterregulation, the participants underwent paired
hypoinsulinemic (1 mU/kg/min), hypoglycemic (hourly steps at 80, 65, 55, and 45
mg/dl), and euglycemic (90 mg/dl) clamp studies, with infusion of 6,6-2H2 glucose
two hours prior to beginning the clamp studies. Insulin was administered for four hours to
induce hypoinsulinemia and a variable rate of dextrose was given to achieve the desired glucose
concentration.

▪ Significant improvements occurred following the transplantation of intrahepatic islet
cells: A1c reduced from 7.1% to 5.5% (p<0.001), insulin use reduced from 0.48 U/kg/day to 0.06
U/kg/day (p<0.001), mean glucose decreased from 164 mg/dl to 123 mg/dl (p<0.01), and glucose
<180 mg/dl reduced from 38% to 4% (p<0.001). Prior to transplantation, Dr. Rickels said patients

www.closeconcerns.com 354



spent 80% of their time in the hypoglycemic range and this rate dropped to 0% post- transplantation
(we aren't sure how this is measured but do know the patients who qualify tend to have
hypoglycemia unawareness that is considered quite dangerous.

▪ While the type 1 participants had no detectable C-peptide prior to transplantation,
C-peptide responses returned to normal post-transplantation. The participants exhibited
partial suppression of C-peptide production in response to hyperinsulinemia and euglycemia, with
complete suppression during hyperinsulinemia and hypoglycemia.

▪ Investigators observed a reciprocal increase in glucagon secretion in the participants
post-transplantation. This was a significant increase, likely due to the fact that the patients did
not have a normal mass of transplanted islet cells. Pancreatic polypeptide response is universally
absent in type 1 diabetes patients, and this response improved following islet transplantation.

▪ Sympathoadrenal responses markedly impaired participants' epinephrine secretion
to hypoglycemia pre-transplant; however, such responses increased epinephrine
secretion to normal levels post-transplantation. Free fatty acid levels were restored to
normal levels post-transplantation. While endogenous glucose production was suppressed under
hyperinsulinemic conditions prior to transplantation, production was restored to normal following
transplantation.

Questions and Answers

Q: Did you look at the autonomic changes in cardiac variability?

A: We did not do that testing as part of this work.

Q: I believe there is good evidence that this response is mediated by the parasympathetic
nervous system. How do you feel about restoration to this response? Is this due to the
endogenous islet still with some parasympathetic innervation or re-innervation of
transplantation?

A: In our cross sectional studies, pancreatic peptide looks a little high post-transplantation. It was not
statistically significant. In this current study, there was a much larger increase, but this cohort has about twice
engrafted beta cell mass. So, it leads me to possibly think this is due to re-innervation of transplanted islets.
Reduction of C-peptides in hyperinsulinemia is other indirect evidence.

Q: EPI doesn't ever come back to normal - what is the cause?

A: My speculation is underlying autonomic nervous system function. Clinically, these individuals have gastral
peripheral and other nervous system abnormalities. This response may have further gear of hypoglycemia to
convert for ANS which might get closer to normal.

IDENTIFICATION OF SMALL MOLECULES TARGETING AN INSULIN SPECIFIC T-CELL
RECEPTOR (19-OR)

Aaron Michels, MD (University of Colorado Denver, Aurora, CO)

Dr. Aaron Michels identified a candidate, molecule 3, which in NOD mice inhibits T cell receptor alpha
variable 5D-4 (TRAV5D-4) at IC50 = 4 uM. For background, TRAV5D-4 is believed to play a large role in
inducing anti-islet autoimmunity in mice. Similarly, the human ortholog TRAV13-1 (which shares 70%
sequence homology with TRAV5D-4) is thought to be involved in the in vivo induction of anti- insulin
autoimmunity. Returning to the presented study, molecule 3 selectively inhibited TRAV5D-4 as it did not
block anti-CD3 stimulated T cells. It is our understanding that this could potentially limit the risk of
molecule 3 being associated with some of the side effects tied to anti-CD3 monoclonal anti-bodies (i.e.,
teplizumab). Notably, this presentation builds off of previous work done by the late and highly respected Dr.
George Eisenbarth (Barbara Davis Center for Childhood Diabetes, Denver, CO) who indicated that a
therapeutic pathway could be the specific targeting of the human analogs or orthologs of TRAV5D-4, the
region of the insulin peptide TRAV5D-4 targets (B:9-23) and the HLA region I-A^g7 (Eisenbarth, Journal of
Medical Sciences 2010).
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Oral Sessions: Emerging Evidence in Pediatric Type 1 Diabetes

ENTEROVIRUS INFECTION, VITAMIN D AND ISLET AUTOIMMUNITY IN AT RISK
CHILDREN (35O-OR)

Maria Craig, MD, PhD (The Children's Hospital at Westmead, Westmead, Australia)

While the triggers of type 1 diabetes islet autoimmunity (IA) remain largely unknown, recent studies
suggest that enterovirus infection and the early cessation of breastfeeding may be key factors (Yeung et al.,
BMJ 2011). To investigate these factors, Dr. Maria Craig and her team conducted a nested case- controlled
study of 25 Australian children with persistent IA and 50 matched controls. Thirty-six percent of the
children with persistent IA reported having a past enterovirus infection, compared to 15% of the controls
(p=0.05); the study also found an association between Varicella zoster virus infection and IA (25% versus
6%, respectively; p=0.03). Children from the IA group also had higher mean vitamin D levels compared to
controls (93.7 versus 75.1 nmol/l, respectively; p=0.01), and were more likely to have been exposed to cow's
milk protein before three months' age (odds ratio=4.70; p=0.02). Dr. Craig hypothesized that the
association between IA and vitamin D likely reflected the early introduction of cow's milk protein-based
formula after the cessation of breastfeeding.

Questions and Answers

Q: You mentioned that the subjects filled out dietary questionnaires. Did that include vitamin
supplement questions?

A: We did document that. Interestingly, most weren't on dietary supplements.

Q: Since both enterovirus infections and vitamin D levels are higher in summer, did you look
at the seasonality of when the patients were assessed?

A: We did examine seasonality, and we didn't see any interference there.

Q: The enterovirus category is a black box: it's a large group of potential infectious agents.
Could you identify which viruses and subtypes were implicated?

A: We did sequence many of the viruses, and its seems like the vast majority of enteroviruses associated with
diabetes are the group associated with Coxsackie B type, so no it's not the entire range of enteroviruses
involved.

Q: Do you feel like your data is strong enough to suggest that parents should extend
breastfeeding?

A: This is not the study type that can result in such a recommendation. I think it's difficult to make
recommendations until we have evidence from an interventional study rather than an observational study.

Symposium: Moving Toward a Cure in Type 1 Diabetes

IMPORTANCE OF TITRATING HOPE WITH REALITY

Sandra Puczynski, PhD (Southern Illinois School of Medicine, Springfield, IL)

Dr. Sandra Puczynski, a parent of a child with type 1 diabetes, closed the session with a discussion of hope,
her family's experience with type 1 diabetes, a historical perspective on curing type 1 diabetes, and a brief
outlook on the future. We appreciated her statement that "hope is essential…reality is the challenge." She
provided several literature reviews and her opinions on type 1 diabetes cure research - we especially agreed
with her opinions that 1) research expenditures are not keeping up with the growth in diabetes (underscored
by Dr. Judith Fradkin's meet-the-expert talk on the first day of ADA 2013) and 1.conventional methods for
designing and conducting clinical trials are not working. We have included some of our favorite quotes from
her talk below.

▪ "For us, hypoglycemia was the most frightening experience. We probably kept our
baby daughter too tightly controlled. It was the era of the DCCT and we lived in Pittsburgh at
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the time. Everyone was focused on tight control. It was not until the 1990s that we learned about the
potential long-term consequences of hypoglycemia on the developing brain. Our daughter had
several hypoglycemic seizures before grade school. No one at her school was prepared to deal with
it."

▪ "I just did a web search on the terms 'Type 1 diabetes' and 'cure.' I came across an
article entitled, 'Boston Children's Hospital on the verge of a diabetes cure.' The article
said, 'Last week, the hospital published information on new research that could allow diabetics to
toss those shots for good" (Boston Magazine, June 13, 2013). Said Dr. Puczynski, "This is a bit
misleading to say the least."

▪ "The potential to cure type 1 diabetes is clearly within reach….approaches used in the past
must be more aggressive, including combination approaches and novel interventions." - Drs. Jay
Skyler and Camillo Ricordi, Diabetes 2011

▪ "Either we have hope or we don't; it is a dimension of the soul…an ability to work for
something because it's good, not just because it stands a chance to succeed. Hope is not
the same thing as optimism. It is not the conviction that something will turn out well, but the
certainty that something makes sense, regardless of how it turns out." - Vaclav Havel, writer and
former Czech President

▪ "Insulin symbolized and stimulated our century's commitments to medical
research…it is considered one of the greatest discoveries in the history of medicine." - Michael
Bliss, The Discovery of Insulin, 1984

UPDATE ON CELLULAR ADVANCES

Todd Brusko, PhD (University of Florida, Gainesville, FL)

Dr. Todd Brusko provided an overview of T regulatory (Treg) cell therapy for type 1 diabetes, arguing that
Tregs could be a new paradigm for treating the disease. He reminded the audience that autoreactive
effector T cells drive destruction of beta cells in type 1 diabetes and that people with diabetes may have
subtle defects in Treg suppressor function. Thus, if we could deplete T cells or bolster Tregs, we could
potentially alter autoimmunity. Dr. Brusko is largely focusing on the Treg cell side of the equation. For
example, he and his team are working on expanding Tregs from umbilical cord blood, capitalizing on prior
expansion technologies and safety data. The Tregs they have derived via their protocol express Treg
markers, are quite pure post-expansion, and have suppressive capacity even after freezing and thawing. He
is also working on engineering Tregs using lentiviral vectors to make them antigen specific (for example to
an antigen like GAD) or to modulate their effector functions. Finally, he is exploring delivery of Tregs with
nanoparticles bound to their surface. This would allow Tregs to carry their own "payload" of agents, such
as the cytokine IL-2.

Questions and Answers

Q: Can you comment on the fluidity of the cells? Can they become effectors, especially those
that have TCRs against islet antigens?

A: When you go through the stringent selection process we do, I think that minimizes some of the risk. T- reg
plasticity has been shown in many systems in animal models, but I would challenge anyone to show where T-
reg therapy has made autoimmunity worse. You don't see effector cytokine expansion after T-reg production.

PREVENTION STUDIES - TRANSLATING THE PAST INTO THE FUTURE

Srinath Sanda, MD (University of California at San Francisco, San Francisco, CA)

Dr. Srinath Sanda summarized ongoing prevention studies and areas of interest in the diabetes prevention
field. He began by highlighting the TRIGR, Oral Insulin, Pre-Point, and INIT-II trials, as well as efforts with
CTLA-4 Ig and anti-CD3. While TRIGR is a primary prevention study that utilizes a hydrolyzed cow's milk
formula, the Oral Insulin, Pre-Point, and INIT-II trials aim to induce immune tolerance via presentation of
an antigen (insulin). Meanwhile, CTLA-4 Ig is a molecule that blocks T-cell activation by APCs and anti-CD3
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is a monoclonal antibody against the CD3 molecule on T lymphocytes. Both have shown promise in phase 2
trials, and anti-CD3 has had positive results in subgroup analyses of phase 3 testing. Unfortunately, Dr.
Sanda said, none of these approaches are directed at specific defects in the progression to type 1 diabetes.
This is because we don't yet know the mechanistic defect that leads to altered glucose metabolism. Both
study of metabolomics signatures pre-diagnosis and statistical modeling of progression to disease in the
DPP have yielded some new insights. Additionally, recent studies of T cells have suggested that T effector
cells may be resistant to Treg mediated suppression in type 1 diabetes. Dr. Sanda concluded by stating that
we still have many "gaps" to fill before we fully understand the immune perturbations that occur prior to
clinical diagnosis. One of the first steps towards gaining a fuller understanding of this topic will be
exploring why some therapies are only successful in the new onset period.

Q: What are the barriers to filling in the gaps you described?

A: The most important thing is for investigators from associated fields to become interested in type 1. We
need new thinking - maybe from metabolomics, or beta cell biology. Folks who have worked on studying the
immune system have to acknowledge that we need outside people who have different expertise. Additionally,
maintaining organizations that are able to collect large cohorts of at risk individuals is very important.

Symposium: Beta Cell Failure in Type 1 Diabetes-Cause or Consequence?

OVERVIEW OF BETA CELL INFLAMMATION AND DYSFUNCTION IN HUMAN TYPE 1
DIABETES

Décio Eizirik, MD, PhD (Université Libre de Bruxelles, Brussels, Belgium)

Dr. Décio Eizirik detailed the "dialog" that exists between pancreatic beta cells and the innate immune
system in type 1 diabetes. This dialog appears to be mediated by cytokines and chemokines released by beta
cells and immune cells, as well as by immunologic signals generated by dying beta cells (Eizirik et al., Naure
Rev Endocrinol 2009). Dr. Eizirik noted that type 1 diabetes inflammation is characterized by three phases:
1) induction, 2) amplification, and 3) stabilization or resolution (details below). All three phases may be
regulated by an individual's genetic background. Notably, while there are roughly 50 genes associated with
type 1 diabetes and roughly 50 genes associated with type 2 diabetes, only one of these genes, GLIS3 (Gli-
similar 3 protein), has been tied to both. Dr. Eizirik explained that GLIS3 is required for beta cell survival
and that knockdown of GLIS3 appears to sensitize pancreatic beta cells to cytokine-driven cell death
(Nogueira et al., PLoS Genet 2013). Given that beta cell death is present in both type 1 and type 2 diabetes,
we think GLIS3's association with both diseases is biological. Lastly, Dr. Eizirik described how beta cells
have cell-autonomous immunity - i.e., the ability of a single cell to defend itself against an infection
(Randow et al., Science 2013; Eizirik et al., PLoS Genetics 2012). He speculated that an excessive cell-
autonomous immune response to a trigger, possibly in cross-talk with endoplasmic reticulum stress and
alternative sequencing (such as that caused by GLIS3 knockdown), results in excessive beta cell apoptosis
and potentially type 1 diabetes.

▪ Dr. Eizirik explained that the inflammation in type 1 diabetes has three phases: 1)
induction, 2) amplification, and 3) either stabilization or resolution of insulitis. Dr.
Eizirik believes that these three stages are modulated by a person's genetic background and
exposure to environmental triggers or cues.

◦ Induction of type 1 diabetes inflammation could be due to the activation of pattern-
recognition receptors by exogenous ligands (i.e., viruses) or endogenous ligands (i.e.,
nucleic acids from dying cells).

◦ Amplification of the inflammation involves the transition from the innate to adaptive
immune response and a "dialog" between beta cells and the immune system. This
transition is mediated by chemokines and cytokines, endoplasmic reticulum stress in beta
cells, and signals generated by dying beta cells. Additionally, homology between viral and
self-antigens could lead to a chronic immune response. This stage likely involves the
activation of TH17 (T helper cell type 17) cells and regulatory T cells.
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◦ The maintenance or resolution of insulitis is likely driven by the adaptive immune
response, though inflammatory mediators continue to play a role.

◦ Insulitis is maintained in certain people. This phenomena is characterized
by continued beta cell death, leading to a reduction in beta cell mass and the
suppression of beta cell function. It could also be associated with the suppression
of beta cell proliferation and an increase in insulin resistance.

◦ Other people's insulitis resolves. People who experience resolution, Dr.
Eizirik thinks, experience a stimulation of beta cell proliferation and active
resolution of inflammation.

▪ Dr. Eizirik commented that more than 60% of type 1 diabetes candidate genes are
expressed in pancreatic beta cells. At least 50% of these candidate genes change expression
following cytokine treatment. The roughly 50 candidate genes associated with type 1 diabetes
explain more than 70% to 80% of the disease's heritability.

▪ GLIS3 (Gli-similar 3 protein) risk variants are associated with both type 1 diabetes and
type 2 diabetes. Knockdown of GLIS3 appears to sensitize pancreatic beta cells to cytokine-driven
cell death. More specifically, GLIS3 knockdown leads to beta cell apoptosis by modulating
alternative splicing of the BIM protein, in favor of the expression of its pro-death small form. Thus,
Dr. Eizirik believes that alternative splicing might be a much more important issue in type 1 diabetes
than previously assumed by researchers.

Questions and Answers

Q: Very interesting talk. Is GLIS3 specific for BIM 3 splicing? Or are there other factors it
splices?

A: I do not believe that it is specific for BIM3. It also regulates SP55, which is a broad controller of splicing. I
think that we will see a much broader impact. Another example is NOVA1, which was thought to be isolated to
the neuron but is also present in the beta cell. When you knock down NOVA1, more than 2,000 genes change.
I think that the story of alternative splicing is a major biological phenomena, which until now has been
overlooked.

Q: Do you think alternative splices can act as epitopes?

A: We have a project on this that studies human beta cells exposed to cytokines, which is analyzing the splices
compared to other cells under various conditions. Today, we know of around 35,000 to 40,000 splice
variants, but I guess there are around 70,000. There are three candidates that we are looking at. It is an
interesting possibility that we are looking to pursue.

Q: The viral hypothesis in the pathogenesis of type 1 diabetes has certainly been proposed
before. What I am gathering form your talk is that there could be a direct effect of the virus on
the beta cell itself. Is that right?

A: I don't think it has to be viruses. Some of these receptors are able to perceive endogenous immune
expression. The hypothesis we have is that the virus in activating the innate response. I think in the more
common variant of type 1 there might be a role of type 1 but it could also be endogenous components.

ROLE OF THIOREDOXIN INTERACTING PROTEIN (TXNIP) IN ISLET BETA CELL
DYSFUNCTION IN TYPE 1 DIABETES

Anath Shalev, MD (University of Alabama at Birmingham, Birmingham, AL)

Dr. Anath Shalev explained that from the perspective of thioredoxin-interacting protein (TXNIP), whether
beta cell failure is a cause or consequence of type 1 diabetes is a chicken-or-the-egg question. TXNIP binds to
and inhibits thioredoxin, thereby increasing oxidative stress, inflammation, and beta cell apoptosis.
However, type 1 diabetes and hyperglycemia also appear to induce TXNIP expression in mouse beta cells.
Dr. Shalev proposed that inhibiting TXNIP could be a potential therapy for type 1 and type 2 diabetes. As
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evidence, she detailed the impact of verapamil (a calcium antagonist-based anti- hypertension medication
on the market) on measures of diabetes, since it inhibits TXNIP. Verapamil has been found to prevent beta
cell apoptosis in both mouse and isolated human islets. It also is believed to prevent STZ-induced diabetes in
mice (Xu et al., Diabetes 2012). In a dose dependent manner, verapamil was found to significantly (p<0.05)
reduce- (at the low-dose, verapamil 0.5 mg/ml) or normalize (at the high-dose, verapamil 1 mg/ml) blood
glucose levels in mice with established STZ-induced diabetes. In a study of 16,175 people with coronary
artery disease without diabetes at baseline, newly diagnosed diabetes was observed less frequently among
people on verapamil than among people on atenolol, a beta-blocker-based anti-hypertensive (7.0% vs.
8.2%; hazard ratio=0.85; p<0.01; Cooper-Dehoff et al., Am J Cardiol 2006). Dr. Shalev believes this finding
corroborates the potential efficacy of a TXNIP- inhibitor therapy for diabetes. She pressed, however, that
verapamil should not be used as a diabetes drug. Instead, she believes that it might be useful as an adjuvant
therapy for beta cell protection among people with diabetes requiring an anti-hypertensive medication
(analogous to the use of ACE inhibitors for kidney protection).

Questions and Answers

Q: There are probably hundreds or thousands of glucose regulating genes. How do you know
that verapamil is acting just on TXNIP?

A: I do not pursue it as a drug of choice for diabetes because of its anti-hypertensive effects. We do think that
verapamil is impacting TXNIP. I do not think that it is an effect linked to verapamil, however, but to
intracellular calcium levels. We can mimic the effect anywhere on the pathway.

Comment: Very nice talk. While STZ is a nice model of beta cell destruction, it is not an
autoimmune model of beta cell destruction.

A: Preventing NOD [non-obese diabetes] is very easy and not very stringent, so we did not want to work on
that model.

Q: TXNIP is connected with terminal ER [endoplasmic reticulum] stress. With that in mind, I
am wondering if the verapamil mechanism actually involves something indirectly through the
ER, such as retention of calcium in the ER.

A: That is a great question. We are starting to study that; it is just too early to tell. Very preliminary studies
suggest yes. So I would agree with you.

Q: Are you interested in looking at the influence of the vitamin D receptor on this pathway?

A: One of the first things that we looked at was whether TXNIP was regulated by vitamin D in beta cells, and it
is not.

ACTIVATION OF BETA CELL UNFOLDED PROTEIN RESPONSE IN TYPE 1 DIABETES

Gökhan Hotamisligil, MD, PhD (Harvard School of Public Health, Boston, MA)

Dr. Gökhan Hotamisligil discussed the potential role of endoplasmic reticulum (ER) stress in the
pathogenesis of type 1 diabetes, citing evidence from recent studies conducted by his research group. The
studies focused on the unfolded protein response (UPR), which utilizes a number of chaperone proteins
(including ATF6 and PERK) to activate transcription factors (including sXBP-1) during ER stress. Dr.
Hotamisligil noted that expression levels of ATF6 and sXBP-1 were almost nonexistent in non-obese diabetic
(NOD) mouse models. He then discussed TUDCA, a bile acid discovered in Asian Black Bear gall bladder
extract. His group's research showed that the administration of TUDCA was able to significantly increase
insulin levels and the expression of ER chaperone proteins, and was able to prevent progression to diabetes
in multiple mouse models of type 1 diabetes when administered in the prediabetes phase. Dr. Hotamisligil
ended by conjecturing that TUDCA administration would unlikely prevent type 1 diabetes completely, but
seemed hopeful that TUDCA or other ER-modifying agents might help delay the onset of the disease.

Questions and Answers

Q: Can the findings you presented be applicable to both type 2 and type 1 diabetes?
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A: Many of the findings I showed you are similar between type 1 and type 2 diabetes in mice and humans. If
you only address inflammation without addressing the underlying metabolic defects, it is difficult to achieve a
result.

Q: If you just use black bear gall bladder extraction versus pure TUDCA, is there a difference?

A: I'm sure there are many other things in the extract that might have biological activity. I think bio-acids
have a fascinating set of biological activities, and I'm sure there are other bio-acids in the extract that have
effects as well.

A: Can you speculate about what leads to loss of ATF6 expression, and how TUDCA restores it?

A: I don't think it is a direct regulation of ATF6 activity, but we have no direct evidence to support or refute
that. My thinking is that if a cell is under chronic ER stress, it needs to make the choice to live miserably or
die, and I think cells choose to turn off these pathways and compromise their metabolic integrity. We have no
evidence for direct TUDCA activity on ATF6 of sXBP1.

Q: Did you look at all for autoantibodies in the NOD mice?

A: I hadn't been thinking about that since we didn't see an immunological phenotype.

ROLE OF TCF19 IN BETA CELL ENDOPLASMIC RETICULUM STRESS AND PROLIFERATION

Dawn Davis, MD, PhD (University of Wisconsin, Madison, WI)

Dr. Dawn Davis discussed the role of the Tcf19 transcription factor in beta cell endoplasmic reticulum stress
and proliferation. She noted that the destruction of pancreatic beta cells begins years before the initial
diagnosis of the disease, and underscored the need for treatments that target and prevent this early
destructive process. She cited evidence suggesting that there is rapid beta cell proliferation in the early
stages of type 1 diabetes (Marhfour et al., Diabetologia 2012), even as overall beta cell mass is decreasing.
She then shared recent results from her lab's study on Tcf19, which is highly expressed in beta cells. These
results showed that knockdown of Tcf19 expression reduced beta cell viability and prevented cell
proliferation by halting cell cycle progress, providing further evidence for the role of Tcf19 as a
transcription factor. Based on these results, Dr. Davis hypothesized that during conditions of stress (such as
those experienced during the onset of type 1 diabetes), beta cells increase Tcf19 levels and upregulate their
proliferation and promote protein homeostasis. Dr. Davis' studies of Tcf19 are at a very early stage, but
seem to suggest that Tcf19 deserves further investigation as a potential therapeutic target for type 1
diabetes.

Questions and Answers

Q: Your hypothesis regarding Tcf19 is interesting. Have you looked at it serially or in NOD
mice?

A: We have thought about it but haven't gotten to that point. It would be interesting if, when ATF6 isn't
present, Tcf19 is a way to upregulate the genes involved in ER homeostasis.

Q: Do you think that any mediators of the inflammatory response could induce or modulate
TCF expression?

A: An experiment is being run as we speak. We see the Thapsigargin-mediated upregulation of Tcf19, we've
been looking at cytokines as well. Hopefully we'll be there soon.

Symposium: Engineering a Beta Cell-A Road Map

GENE THERAPY-MEDIATED INDUCTION OF ISLET NEOGENESIS REVERSES TYPE 1
DIABETES

Lawrence Chan, MD (Baylor College of Medicine, Houston, TX)

Dr. Lawrence Chan presented an update on gene therapy strategies used to induce beta cell formation in the
liver - an accessible, non-pancreatic target for therapy. Rather than attempting to deliver an insulin
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transgene by delivery of Ngn3 (a pancreatic transcription factor downstream of PDX1) to the liver, Dr.
Chan's team was able to induce beta cell production in the liver. When combined with betacellulin (Btc),
which amplifies the Ngn3 response throughout experimentation, Ngn3 induces islet neogenesis, producing
two waves of insulin induction from different hepatocytes (Ngn3 cannot induce the transdifferentiation of
hepatocytes into endocrine pancreatic islet cells). Dr. Chan noted that while Ngn3-Btc therapy uniformly
reverses diabetes in STZ (Streptozotocin, induced diabetic) mice, this result is not observed in NOD
mice(and autoimmune model of type 1 diabetes), since the generated islets are destroyed by immune cells.
Dr. Chan noted that he is working on methods to circumvent this issue by shielding these cells from
autoimmune attack.

▪ Through gene therapy, Ngn3-Btc induces islet neogenesis from liver progenitor cells
to reverse diabetes in diabetic induced (STZ) mice. Such gene treatment induces well-
controlled, glucose-stimulated insulin production in the liver that reverses hyperglycemia within a
week and that lasts over six months. Dr. Chan noted that initially (in the first three weeks), all liver
cells produce insulin; however, by week 12, there is a well-formed islet structure near the portal vein.
These hepatic beta cells are quite similar to pancreatic beta cells, as they contain insulin granules,
produce the four major islet hormones (proinsulin/insulin, glucagon, somatostatin, and pancreatic
polypeptide), and express the same transcription factor cascade. Further experimentation showed
two waves of insulin production: the first from parenchymal hepatocytes (albumin producing cells),
and the second from Ngn3-induced transient insulin production in hepatocytes (cells that no longer
produce albumin).

▪ Although this strategy was not effective against the autoimmune response in NOD
mice, Dr. Chan's team is working to engineer a protective shield around the neo-
islets. Dr. Chan explained that there is a small window of time to engage protective mechanisms
around the forming islet to protect it from an immune response. The most effective method his team
has attempted has been through beta cell-specific inhibition of local T cell activation. By expressing
inhibitory costimulatory molecules (such as PDL1 driven by the RAG gene promoter) in the newly
formed beta cell, the mice can protect against hepatic T cells, producing a local immunosuppression.
Positively, 75-80% of the mice responded to such treatment, avoiding autoimmune islet destruction.

Question and Answer

Q: The procedure worked in 75-80% of the mice, why not the others?

Dr. Chan: We don't know if the others had less inflammation, but if you look at different parameters of the
mice, we could not predict this so we don't know why.

GENERATION OF BETA CELLS FROM HUMAN PLURIPOTENT STEM CELLS

Maria C. Nostro, PhD (Toronto General Research Institute Toronto, Ontario, Canada)

Dr. Maria Nostro explained the current progress for generating beta cells from human pluripotent stem
cells (hPSC), which would drive pancreatic development in vitro. Focusing on the endoderm layer that gives
rise to the pancreas, researchers have attempted to recapitulate what occurs during development i.e., fusing
ventral and dorsal buds while inducing cellular differentiation to produce the pancreas. Notably, the ductal,
endocrine, and acinar cell lineages can only arise when the transcription factors PDX1, PTF1A, and NKX6-1
are co-expressed. However during experimentation, over 60% of the insulin- positive stem cells are
nonfunctional: they do not secrete insulin in response to elevated glucose levels, they co-express glucagon,
and they ultimately convert to a glucagon phenotype after months of a mammary fat pad graft. Dr. Nostro
found that while these polyhormonal cells typically do not express NKX6-1; treating them with the EGF
(Epidermal Growth Factor), Nicotinamide, and NOG (Noggin) proteins can lead to 72% NX6-1 expression,
which peaks at day 13 of differentiation. In fact, EGF and nicotinamide induction of NKX6-1 is highly
reproducible across many hPSC lines to generate insulin positive cells in six weeks. Furthermore, antibody
staining indicated that these human embryonic stem cell-derived pancreatic cells are in vitro endocrine
progenitors and that they co-express PDX1, PTF1A, and SOX9. Dr. Nostro transplanted these cells into
immuno-compromised mice and found clear islet-like structures (including ductal and acinar cells) five

www.closeconcerns.com 362



months post-transplantation. Furthermore, these in vivo cells appeared to be hormone positive, producing
insulin, glucagon, pancreatic peptide, and somatostatin. Further 18-week analysis of serum C-peptide
suggested that these cells are not only characteristically beta cells, but also maintain functional relevance.

Question and Answer

Q: Very nice talk. You demonstrated a nice collection of progenitor cells. In parallel to the
proposed work we know before, have you tried to establish a proliferation of the progenitor
cells?

A: We haven't actually, but it is something we are continuing to work on. I am trying to study if I can stop the
cells and induce proliferation before transplantation.

Q: Its remarkable that you have insulin and glucagon. What happens to the ductal cells?

A: We have only looked at 7.5 months post-transplantation and we still see these nice ductal cells. We haven't
looked past that time in vivo.

Q: Do you plan to encapsulate these cells?

A: We are going to try something like it, but it's interesting because the encapsulated cells differentiate
differently from the other cells. In the encapsulation process you may reduce vasculature, which might be the
reason we see the different lineages.

Q: Actually, to comment on that question, our group thinks that it's due to isolation from the
host mesenchyme. We always see some ductal cells. What you have is more like branching
tubular epithelium. We see a disappearance of the progenitors within about three months.
That is true of encapsulated and un-encapsulated cells.

Q: It's curious about the necessity for nicotinamide. Is there something like this present in the
developmental stages in the embryo?

A: I still don't know; that's a good question. It's clearly an important factor because with EGF alone we don't
have that effect. The EGF allows for a particular setting for nicotinamide to work.

REGENERATING BETA CELLS - CELL PLASTICITY IN THE PANCREAS

Qiao Zhou, PhD (Harvard University, Cambridge, MA)

Dr. Qiao Zhou's presentation focused on an approach to engineering beta cells that was quite unique from
those of other speakers in the symposium. Rather than generating beta cells from undifferentiated stem
cells, Dr. Zhou's lab focuses on a reprogramming approach to beta cell regeneration. Dr. Zhou first
discussed three previously identified transcription factors (Ngn3, Pdx1, and Mafa) that have the unique
ability to reprogram acinar cells (already differentiated mouse pancreatic exocrine cells) into 'beta-like'
cells by re-expressing key developmental regulatory genes. These reprogrammed acinar cells were able to
increase pancreatic insulin secretion substantially to near-normal levels in immunocompromised, diabetes-
induced mice. However, functional stability of insulin secretion and glucose tolerance were only achieved
approximately two months after these cells were transplanted into the mice. Dr. Zhou's lab is also exploring
the effectiveness of using the same reprogramming approach with various intestinal cells, including cells
from the duodenum, ileum, colon, and duodenal glands - he commented that cells from the colon and
duodenal glands appear to be the most robust following reprogramming. Notably, these cells formed
clusters that were close in appearance to true islets in the pancreas. Dr. Zhou expressed enthusiasm about
the prospect of potential cell replacement therapy with these intestinal cells, which he believes can be
derived from cells extracted from ordinary gut biopsies. While it remains to be seen how the immune system
will respond to these cells, Dr. Zhou concluded by suggesting the potential of these reprogrammed cells to
play a role in a cure for type 1 diabetes.

GENERATION AND REGENERATION OF BETA CELLS

Paul J. Gadue, PhD (University of Pennsylvania, Philadelphia, PA)
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Embryonic stem cells (pluripotent stem cells derived from an early-stage embryo) and induced pluripotent
stem cells (pluripotent stem cells artificially derived from non-pluripotent stem cells) are commonly used to
model genetic disorders and understand human disease. However, when attempting to generate functional
beta cells from these stem cells under in vitro conditions, the stem cells proliferate to a much lesser extent
than human beta cells in vivo and have less time to mature. Dr. Paul Gadue demonstrated how his lab
applied a novel method to develop glucose-responsive beta-like cells in vitro from endodermal progenitor
cells - cells that lack the tumor potential of embryonic stem cells and can only differentiate into hepatocytes
or pancreatic islet cells. This restricted potential makes it easier to direct differentiation. Expansion at the
endoderm stage of these endodermal progenitor cells should allow greater maturation during beta cell
differentiation. However, the beta-like cells derived from the endodermal progenitor cells only secreted
10-20% of the insulin produced by normal adult islet cells. These beta-like cells were also found to have a
low threshold for glucose sensitivity, secreting the same amount of insulin whether exposed to 5 mM or 20
mM glucose (90 or 360 mg/dl). Dr. Gadue also acknowledged that the cell yield needed to be improved, as
only between half a million and one million insulin-positive cells could be generated in a 10 cm plate.
Despite these challenges, Dr. Gadue expressed excitement to continue developing a robust system to examine
conditions that would optimize the maturation and function of these beta-like cells in order to model human
beta cell function and disease in vitro.

Symposium: Clinical Trials of T-Cell Therapeutics for Reversing Type 1 Diabetes

ANTI-THYMOCYTE GLOBULIN IN NEW ONSET TYPE 1 DIABETES

Stephen Gitelman, MD (University of California, San Francisco, San Francisco, CA)

In the START trial, an early phase 2 study comparing rabbit anti-thymocyte globulin (ATG) to placebo in
people with recent onset type 1 diabetes (n=66), ATG therapy did not significantly delay two-hour C-
peptide AUC decline over the course of 12 months (~0.20 pmol/ml in ATG arm vs. ~0.22 pmol/ml in
placebo; p=0.59). Interestingly, when Dr. Stephen Gitelman stratified trends in C-peptide by age, he found
that people aged 22 to 35 years old faired better on the treatment, as they trended strongly (though not
statistically significantly) toward C-peptide preservation; the change in two-hour C-peptide AUC appeared
to be zero, suggesting that statistical significance might be achieved with a longer trial. Dr. Gitelman
remarked that this trend contrasts with other therapies (e.g., teplizumab) that appear to work better in
people who are younger. People aged 12 to 21 years on ATG also experienced an interesting trend - their C-
peptide levels appeared to deteriorate more rapidly than placebo from month zero to six (decline of ~0.38
pmol/ml vs. 0.19 pmol/ml) but then plateaued from month six to 12 (further decline from baseline of ~0
pmol/ml vs. ~0.1 pmol/ml). Depending on what is driving the C- peptide decline and stabilization in people
≤21 years, some believe it would be interesting to see if combining ATG with a therapy associated with an
initial stabilization and subsequent decline in C- peptide levels (i.e., teplizumab) could be more effective in
those 21 years old or younger - by the same token, others believe this is dangerous and this remains a
controversial area. Dr. Gitelman suggested that combining ATG with an IL-6 receptor antagonist could be
promising due to its blockade of early cytokine responses.

▪ The START trial was a multicenter and blinded early phase 2 trial. It enrolled 66 people
(ages 12-35 years) who had been diagnosed with type 1 diabetes within 100 days. Participants were
randomized 2:1 to ATG or placebo. Those on ATG were pre-medicated with steroids before receiving
a four-day infusion (total dose of 6.5 mg/kg). Baseline AUC C-peptide level was 857 pmol/ml for
people on ATG and 932 pmol/ml for people on placebo (p=0.52). The baseline A1c of the two groups
was 6.7% and 6.8%, respectively (p=0.903).

▪ All people on ATG experienced infusion related reactions and required glucocorticoid
therapy. Risk for infectious disease did not appear to be increased in the ATG group despite T-cell
depletion; no opportunistic infections, Epstein-Barr virus or CBV infection, or trouble clearing
infections were detected. The median time to infection was 167 days in the ATG group and 208 in
the placebo.
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▪ Dr. Gitelman suggested several mechanisms that could potentially be contributing to
the decline in beta cell function seen in some participants: the milieu surrounding cytokine
response syndrome, serum sickness, and steroid use with immune activation; the persistence of
effectory memory T (Tem) cells following ATG; the decrease in regulatory T cell (Treg) number and
Treg/Tem in the first six months; and the fact that younger participants showed a more rapid
reconstitution of T cells, B cells, and myeloid dendritic cells.

▪ Dr. Gitelman described several avenues for future research, including trying ATG
monotherapy in an older cohort or in combination with other agents that blockade the
early cytokine response (i.e., an IL-6 receptor antagonist). Dr. Gitelman suggested that it
would also be interesting to compare the mechanistic assays from the START trial against those for
therapies eliciting differing responses (i.e., anti-CD3 monoclonal antibodies, alefacept, and
ATG+GCSF). He also recommended that researchers work to identify responders vs. non-
responders (a suggestion we are hearing increasingly frequently from KOLs working on finding a
cure for type 1 diabetes).

Questions and Answers

Q: How much steroid did you use?

A: In general, during the ATG infusions we gave about 0.5 mg/kg for each of the four doses. We discussed
whether or not to use steroid as well in the placebo group but with guidance from some of our regulatory
agencies we decided not to.

Q: Very nice work. You gave four days of injection. For transplants you normally can go up to
ten days. Are you thinking of adjusting the dose?

A: We thought about this very closely. The trend over the past decade in transplant has been to move to lower
and lower doses. We tried to strike the right balance between safety and efficacy.

COMBINED ATG-GCSF IN NEW ONSET TYPE 1 DIABETES

Michael Haller, MD (University of Florida, Gainesville, FL)

Dr. Michael Haller's trial of a thymoglobulin (ATG) and granulocyte colony-stimulating factor (GCSF)
combination for treating established (four months to two years) type 1 diabetes in ongoing so he could not
present primary outcome results. In the single blinded trial (n=25) people were randomized to either 2:1
ATG-GCSF (2.5 mg/kg ATG over two days and 6 mg GCSF every two weeks for 12 weeks) or placebo. The
trial is fully enrolled and all participants have at least six months of follow up. So far there have been no
unexpected adverse events and all participants are expected to reach the primary endpoint (one year mixed
meal tolerance test) by December 2014.

▪ Dr. Haller is looking to conduct a trial of ATG-GCSF in people with new onset type 1
diabetes. About 80 people will be randomized (1:1) to either placebo or ATG-GCSF (2.5 mg/kg
ATG and 6 mg every two weeks for 12 weeks). Dr. Haller is planning to enroll 90 people to allow for
~10% dropout rate. The trial would then be 80% powered to detect a 60% difference in AUC C-
peptide at one year. Dr. Haller stated that he is in active discussions regarding optimal trial design
and funding.

▪ Dr. Haller voiced strong support for researchers focusing on combination therapies to
cure type 1 diabetes. To speed translation to the bedside, Dr. Haller also called for researchers to
try using drugs that are already FDA approved for other indications.

Questions and Answers

Q: Great presentation. I was wondering if you used a pre-medication with glucocorticoid. If so,
what dose?

A: We used the same pre-treatment as the START trial. Our rates of cytokine release syndrome were pretty
similar but our rates of serum sickness were a little lower. So some patients were able to avoid steroids.
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Q: Fantastic idea. Can you comment on the potential for GCSF to counteract the potentiation
of ATG?

A: That is exactly one of the mechanisms that we think might be occurring here. We think that creating the
space without supporting how it is filled could be an issue. It appears that the GCSF pushes it to fill in
correctly.

Q: Does the ATG-GCSF combination have any clinical advantage?

A: I cannot comment on any of the clinical outcomes.

LOW DOSE IL-2 TRIAL IN TYPE 1 DIABETES

David Klatzmann, MD, PhD (Hôpital Pitié-Salpêtrière, Paris, France)

Dr. David Klatzmann described his dose-finding trial (n=24 people 18+ years or older with type 1 diabetes),
which evaluated a five-day course of low dose IL-2 (0.33 million UI/day, 1 million UI/day, or 3 million UI/
day). The therapy did not have a statistically significant impact on participants' C-peptide levels, though
investigators observed a slight and statistically insignificant trend toward declining C- peptide levels at the
two higher doses. Dr. Klatzmann emphasized that the double-blind, placebo controlled, and randomized
trial was not designed to detect a clinical improvement and was too small to draw conclusions based on
changes in C-peptide. Importantly, Dr. Klatzmann characterized low dose

IL-2 as having an "excellent tolerance [profile] at all doses." No serious adverse events occurred with any of
the doses. The most common adverse events were local reactions and flu like symptoms (both dose-
dependent), and neither was experienced by all participants. Dr. Klatzmann was optimistic about low dose
IL-2's therapeutic potential for type 1 diabetes, citing positive changes in people's autoreactive cells. The
treatment was associated with a dose-dependent increase in T regulatory cells (Tregs; p≤0.0001). Dr.
Klatzmann is currently recruiting for a one-year trial of IL-2 in children (ClinicialTrials.gov Identifier:
NCT01862120) and is planning to initiate a phase 2, European multicenter one-year study in 1Q14.

Questions and Answers

Q: How did you measure the TRegs themselves?

A: We measured TRegs in two ways: either using FOXP3 or C157.

Comment: Obviously the fundamental question here is whether low dose IL-2 will be safe to
give. It seems that there is a very narrow therapeutic window for IL-2. You had a trend toward
C-peptide levels being negatively impacted there as well.

A: There is no trend; there is no significance at all. You cannot say this. It was a very small trial.

Comment: I am the very first to say that you cannot learn much from C-peptide in small trials.
What I am saying is that there is a narrow therapeutic window. The question really is how can
you individualize this before you give the therapy to find that person's magic window. That is
the challenge for all of us.

A: There are multiple responses to this complex question. I feel very confident that at 1 million UI/day, the
effect is pretty specific. So I think that the dose of 1 million UI/day is safe and quite specific. But even the dose
of 0.33 million UI/day is quite good and induces TRegs. The thing is that the effect is persisting for only a
short period of time, so you would have to repeat more often. Our next trial is a dose finding trial, ranging
from 0.25 million UI/day to 1 million UI/day, so we are going further down in dose.

Comment: In each of your different cohorts, there was a heterogeneous response. And you
noted that some did not seem to respond.

A: They all responded. However, some even at the highest dose did not have much of a response. While
others, even at the lowest dose had a high response.

Q: Have you been able to look at NK cell function?

www.closeconcerns.com 366



A: No we have not tested NK cell function.

TRIAL RESULTS ON ANTI-CD2 (ALEFACEPT) FOR PATIENTS WITH NEW ONSET TYPE 1
DIABETES

Mark Rigby, MD, PhD (Indiana University School of Medicine, Indianapolis, IN)

Dr. Mark Rigby detailed the disappointing news that in the phase 2 T1DAL Study (n=66 people with new
onset type 1 diabetes), alefacept did not meet its primary efficacy endpoint of comparative C- peptide AUC
from a two hour mixed meal tolerance test (MMTT) at week 52 (mean C-peptide decline from baseline of
0.015 pmol/ml in the alefacept arm vs. a 0.115 pmol/ml decline with placebo; p=0.065). However, Dr. Rigby
maintained that the treatment may still be efficacious, since the multicenter, blinded, and placebo-controlled
trial may have been statistically underpowered. The trial enrolled only 75% of its target because the
manufacturer decided to discontinue the drug for business reasons. Additionally, the placebo and therapy
arms had imbalances in age and gender. During Q&A, Dr. Rigby also noted that the C-peptide decline
observed for the placebo group was less than that typically seen in other comparable trials. We find such
problems (some controllable some uncontrollable) to be incredibly frustrating since there are few second
chances in drug development. On the positive side, at least two of the efficacy endpoints were met (further
data analyses are still ongoing): alefacept provided greater improvements in C-peptide AUC from a four-
hour MMTT and insulin use compared to the placebo. On the safety front, no serious adverse events (AEs)
occurred in either arm. More AEs occurred in the alefacept arm (33 vs. 16), including drug related AEs (28
vs. 15). The hypoglycemic event rate, however, was higher in the placebo arm than the alefacept arm (18
events/year vs. 11 events/year, respectively; p<0.05).

▪ Participants were randomized 2:1 to receive either two 12 week courses of alefacept
(15 mg IM weekly) or placebo. The two courses were separated by 12 weeks.

▪ Imbalances in age and gender existed between the placebo and therapy arms. While the
alefacept arm was balanced across ages and genders, the placebo arm had a bimodal age distribution
(50.0% of participants were 12-16 years old and 43.8% were 22-35 years old) and had
disproportionately more men (75.0% male).

▪ C-peptide AUC from a four-hour MMTT increased 0.015 pmol/ml in the alefacept arm
and decreased 0.156 pmol/ml in the placebo arm (p-value not provided).

▪ People on alefacept increased their insulin dose to a lesser extent compared to people
on placebo, despite achieving a similar mean A1c at week 52. People on placebo used
significantly more insulin at week 52 than at baseline (up 0.17 U/k/d from ~0.3 U/kg/d; p=0.02). In
contrast, those on alefacept only trended toward using slightly more (up 0.02 U/kg/d from ~0.35
U/kg/d; p=0.41). This result occurred even though the two arms had a similar mean A1c at week 52
(p=0.75) - the mean A1c at week 52 was 6.9% for the alefacept arm (baseline was ~8%), whereas the
mean A1c was 7.2% for the placebo arm (baseline was 8.5%).

Questions and Answers

Q: In terms of the insulin use, I was not sure if you adjusted for the fact that the alefacept
group started with a higher A1c. It makes sense that they would not need more insulin.

A: This was the initial assessment of the data. We are attempting to control as much as possible for differences
seen in enrollment

Q: Would you consider using this drug in combination with any other drug?

A: Yes, we would be very interested in using this therapy with another treatment.

Q: I know that you were underpowered. How did your placebo group compare to those seen in
other phase 2 trials?

www.closeconcerns.com 367



A: Our placebo group had a much lower decline in C-peptide that traditionally seen in common studies. We
have compared our patients versus other studies. Our placebo group did not appear to be declining as much
as we had anticipated.

Exhibit Hall - Highlights

▪ BD: We quickly found the spacious BD booth in the front row, left corner of the exhibit hall. The
booth had three main areas of focus: 1) a demonstration station for the BD Nano 4 mm pen, the
PentaPoint Comfort, and the new EasyFlow technology; 2) video screen presentations on
lipohypertrophy, hypoglycemia, and proper injection technique; and 3) a central area with bins
holding water and bags of sliced apples for attendees. Most fascinating was what an engineer called
the "wow demo" - taking an insulin pen, the engineer screwed a needle on, dialed up 60 units,
loaded the pen into an intense-looking machine, and pressed a button. The machine applied a
consistent five pounds of force and allowed attendees to see the required thumb pressure and time
to inject an insulin dose with the newly launched 4 mm needle with EasyFlow technology (increases
the space inside the needle, allowing insulin to flow through faster and with less force). Injection of
60 units took four seconds with the EasyFlow needle vs. 7.5 seconds without EasyFlow technology. If
the live demo wasn't enough, reps were happy to hand out press releases summarizing the clinical
study findings just published in Clinical Therapeutics: 61% of patients reported they needed less
thumb force to inject with the EasyFlow needle, and 49% of patients reported less time to inject than
with their usual pen needle. It will be interesting to see if providers and patients perceive this as a
meaningful clinical difference. On the other side of the demo station, a similar machine
demonstrated the value of BD's PentaPoint technology, which reduces needle penetration and
frictional force through a patented, five-beveled needle tip design.

We also took time to listen to an informative presentation on lipohypertrophy; it made a strong case
that it is a widespread problem (48% of 4,352 patients surveyed reported lipohypertrophy at
injection sites) and can lead to variable insulin absorption. The emphasis on proper injection
technique was clear throughout the booth, capped off by a somewhat overwhelming IKEA-
instruction-manual-like diagram of where and how to inject insulin. Upon exiting the booth, a rep
talked enthusiastically about some of the company's posters at ADA 2013: 979-P and 997-P (4 mm
needle vs. larger needles in obese patients), as well as 1212-P (prevalence, risk factors and estimated
costs of lipohypertrophy). Finally, on the social media front, BD does not have a Twitter feed, while
their Facebook page makes no mention of ADA.

▪ BI/Lilly: This booth showcased Tradjenta and Jentadueto in the company's signature exuberant,
purple booth. This year, the booth's main point of entertainment was the "Destination Wish"
campaign, which was a real win in our view. The night before the exhibit hall opened, attendees
received a "Destination Wish" pamphlet replete with a large silver coin on which to make a wish to
send back to their patients. In the exhibit, on a large, centrally featured flat screen, physicians could
select from a list of "wishes" to send home from Chicago. Examples of "wishes" included

◦ I wish my patients would understand that small changes can make a big difference

◦ I wish my patients would implement better habits

◦ I wish my patients would consider healthier lifestyles

◦ I wish my patients would check in with me

◦ I wish my patients would become more active

◦ I wish my patients would work towards their goals

From what we could see from the board, the top one was the most popular, and "I wish my patients
would check in with me" was least popular, perhaps indicative of a larger fatigue in HCPs that is
increasingly evident. The screen then displayed an animation of the wish flying from Chicago to the
attendee's hometown or native country - very cool and slick. Large vertical rectangular screens
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resembling giant iPads provided safety and efficacy data on Tradjenta and Jentadueto. A sign
highlighted that new safety data had been added to Tradjenta's medication guide; representatives
had copies of the guide available and explained that a new section on pancreatitis risk had been
added. Jentadueto was billed as "a fixed dose with flexibility" since it is offered in three dosages; the
upside of doctors not needing to worry about kidney problems and dosing in patients remains the
major upside with Tradjenta, whose share continues to increase. Finally, the booth also featured a
section on My Well Planner, a lifestyle support program for patients on Tradjenta that allows
patients to determine their "Patient Activation Measure" (PAM) and then receive personalized
advice. This was great to see on the individualization of therapy front. On the social media side, BI/
Lilly's twitter feed (@boehringerus) has 10,862 followers and has sent out a dozen ADA-related
tweets. They have a very well-established Facebook presence that makes no mention of ADA, which
may be because their audience is primarily German.

▪ BMS/AZ: BMS/AZ's main booth was a large, open, and sleek booth near the back of the hall.
Featuring a double deck structure, big white banners along the top of the booth advertised the
company's diabetes products (Bydureon, Byetta, Onglyza, Kombiglyze, and SymlinPen). The BMS/
AZ booth was certainly one of the more comfortable booths we visited, with numerous long, white
couches and other areas to sit. The coffee bar was also a popular feature, with a line that never
seemed to shorten. Around the booth, brightly lit display monitors highlighted clinical trial data for
each of these products. Sales representatives were happy to discuss the relative advantages of
Bydureon in comparison to Byetta, but declined to discuss the results from DURATION-6, which
compared Bydureon to Victoza. They emphasized the longer duration of action, lower rates of
nausea and vomiting, greater reductions in A1c, and greater weight loss observed with Bydureon
compared to Byetta. With Byetta, they noted that a major advantage of the drug was its approval for
use alongside basal insulin. When discussing the potential concerns surrounding increased risk for
pancreatitis and pancreatic cancer, the sales representatives provided us with a company memo that
highlighted the FDA's March 14th well-articulated statement regarding these concerns as well as the
current prescribing information for Byetta, Bydureon, and Onglyza. The memo also noted the
company's current stance that "the weight of currently available evidence, including extensive
preclinical, clinical, and postmarketing data, is not consistent with there being a causal relationship
between use of saxagliptin or exenatide and pancreatitis and/or pancreatic cancer." That certainly
seems to be true according to the experts we have heard speak. In addition to this main booth, BMS/
AZ also sponsored a smaller booth at the edge of the hall that provided education on the role of the
kidney (specifically SGLTs and GLUTs) in glucose homeostasis and diabetes pathogenesis. Finally,
throughout the exhibit hall, banners advertising Onglyza and the company's booth were attached to
overhead aisle directory signs. Both Bristol Meyers Squibb (@BMSnews - 16,344 followers) and
AstraZeneca (@astrazenecaUS - 17,399 followers) have well-established Twitter presences and are
using these to highlight their abstracts and presence at ADA. BMS is slightly more active on Twitter
than AZ, and AstraZeneca US has a Facebook page.

▪ Cellnovo: Cellnovo did not have a booth at ADA 2013, but met with us to provide an update on the
progress of their Cellnovo pump system. We last mentioned it at Diabetes UK in March. They have
done a great job with marketing, packaging, and the "cool" factor, and we think this is a good
alternative for patients. The Cellnovo system consists of four components - a durable pump/
rechargeable battery unit, a disposable insulin cartridge, a color touchscreen handset/meter, and a
web-based data management system that connects the handset transparently to the cloud (the
aggregated data must be quite valuable for the company to see). Since we last reported in-depth on
the device, the tubing has been shortened dramatically to around 1 cm (0.4 in), which the company
consider 'tubeless' - it's a great improvement from our view (although you can still get longer tubes if
you want them). The integrated meter takes OneTouch Vita strips. Overall, we found the remote
monitoring and data management one of the biggest positives of the system - it's possible to see all
historic data from the handset and pump on the web in near real-time (via a cellular data
connection), and you can also trigger text message alerts to anyone, which is of great value to
parents and loved ones. The system includes exercise and food tracking, which seems user friendly
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(though manual button pressing for diaries is of course challenging on any system). There is also a
"live chat" helpline for connecting to Cellnovo with any questions. On the regulatory front, the
company received a CE mark in Europe roughly a year ago, and is gearing up for a UK launch this
year. The company will roll out to other European countries following the UK launch, and plans to
file for approval in the US in 2014. We will be interested to see how the FDA process goes, since this
is a new pumping mechanism (Tandem, of course, also had a new pumping mechanism, so hopefully
they have blazed a trail). We believe the company is contributing to making pumping easier and
simpler; positives all around. No official word on CGM yet, though we understand that the pump's
wireless communication platform has been designed to make this addition straightforward. Former
Insulet executive John Garibotto recently joined the Cellnovo board of directors.

▪ Dexcom: The highly visible "Makes Sense" tagline directed attendees to Dexcom's booth in a very
central location in the exhibit hall. The front desk of the booth had a large two-foot by four- foot G4
Platinum receiver as its base, complete with a sharp color TV screen showing sensor values and
trends. In the rear of the booth, Dexcom's new remote monitoring product Share could be found
under a glass case. It was very cool to see a G4 Platinum receiver plugged into the Share docking
station and sitting next to an iPhone. Though the phrase "Product under development. Not FDA
approved" was clearly displayed on the bottom of the case, we were reminded of what was in this
case just one year ago: the then-unapproved G4 Platinum itself! (Certainly a good refresher of how
much can change in a year.) We appreciated a rep's demonstration of how Share will work: when the
receiver is plugged into the docking station, it will communicate via Bluetooth with a nearby
smartphone. An app on the smartphone will then send the real-time sensor data up to the cloud, at
which point up to five recipients can receive the CGM data on their own phones - we have little
doubt that parents and partners are sure to love this product. Though pricing wasn't available, the
rep mentioned that Dexcom is committed to making it affordable and accessible for patients - we'll
be interested to see how the pricing compares to the Medtronic mySentry remote monitor, which at
full price was $3,000 (though Medtronic offered discounts upwards of $500). Although this is
certainly expensive, we are in favor of payers funding this so that funds going back to support faster
R&D at companies; to date, CGM has not been profitable for companies and a thriving market
certainly needs to develop if the technology is going to continue.

In discussing the G4 Platinum itself, a rep emphasized the device's accuracy and reliability - "This is
the CGM people have been waiting for." Indeed, a one-page handout entitled "Accuracy matters"
took direct aim at Medtronic, comparing the MARD of the Dexcom G4 Platinum (13.2%) to the
Medtronic Sof-Sensor (19.7%) and the Enlite sensor (13.6% via AACE and ADA 2012, 17.2% via
ATTD 2013 data). A pie chart on the reverse further summarized T1D Exchange data, noting that
71% of Dexcom Seven Plus users were using CGM after one year of registry entry vs. just 53% of
Medtronic Paradigm Revel/Guardian users. Last, to remind booth-goers of the recent CE Mark for
pediatric use in Europe (down to two years old), Dexcom reprised the cute poster of young children
from its booth at ATTD 2013. As we walked out of the booth, we were struck by the sign highlighting
that "98% of type 1 diabetes patients with commercial insurance have CGM coverage." Wow how
long we have come - this is thanks to JDRF as well as companies working incredibly hard and very
intelligently on this front. To date, Dexcom does not appear to have invested in developing a
significant presence on social media.

▪ Diasend: Diasend had a small, straightforward booth situated at the far right of the exhibit hall.
Posters in Diasend's colors of yellow, blue, and white highlighted the fast facts about diasend.com. A
table displayed a sample of the devices that work with the company's universal web platform. The
system uses the Transmitter to consolidate data from all of a patient's devices into clear, easy-to-
read graphs, tables, and statistics. No software installation is necessary thanks to the Transmitter.
Significant additional updates to Diasend will be available this July, such as compatibility with 13
new devices, including the Insulet OmniPod, mylife Unio, Bayer Contour Next, and CareSens N
POP. With these additions, the number of compatible devices will rise to over 70. While Diasend is
not currently going ahead with launching its own mobile app as it had planned earlier this year, the
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company has launched compatibility with various other mobile apps. After looking around the
exhibit, visitors could help themselves to a pack of sugar-free gum branded with the company logo.
Attendees could also take a quiz to test their knowledge of the system and play the classic carnival
game of guessing how many items were in a jar full of chocolates and cheese puffs (we would have
preferred to see something slightly healthier!). The diasend.com facts clearly displayed on the
posters and on the exhibit floor helped us to ace the quiz, but the jar guessing game was as tricky as
ever! The company does not appear to have a significant Twitter or Facebook presence.

▪ Eisai: In the back of the Exhibit Hall, Eisai's coral, navy blue, and white booth proclaimed that
Eisai/Arena's anti-obesity medication, Belviq (lorcaserin) is "now available" following nearly a year
wait for the Drug Enforcement Agency (DEA) to schedule the drug. We are curious if the booth's
peripheral location was Eisai hedging its financial investment, given the uncertainty of when the
drug would be launched. Flower arrangements were scattered throughout the booth, which seemed
to allude to the names of Belviq's phase 3 trials: BLOOM, BLOOM-DM, and BLOSSOM. There were
white desk chairs at which people could sit and view the obesity rates in their state on a screen -
though most people appeared to be using these chairs for resting while they ate the fruit salads being
distributed! In another corner of the booth, physicians could register to receive more information on
Belviq's savings programs. Upon entering the booth, a rep quickly approached us to explain that
Belviq was the "first new anti-obesity drug on the market in 13 years." Following the rep's continued
description of the drug's rates of at least 5% weight loss (47% of people on Belviq vs. 23% for
placebo) and at least 10% weight loss (22% vs. 9%), we mentioned our confusion with her opening
line that Belviq is the "first new anti-obesity drug." Before we mentioned either Vivus or its drug
Qsymia (phentermine/topiramate ER), which was launched in September 2012, she stressed that
Qsymia is not a "new" drug, since it is the combination of two previously available generics. The
company does not appear to have a significant Twitter or Facebook presence.

▪ Insulet: This is an exciting year for Insulet with the US launch of the smaller pod! The company's
circular blue-and-green booth was all about the recently launched new OmniPod, with ADA 2013
representing Insulet's first large US meeting following FDA approval last December. Two massive
signs on top of the booth summarized the high level takeaways on the new pod: "Now 34% smaller"
and "Now with updated PDM." Around the booth, "you can…" slogans promoted the benefits of
pump therapy in general ("You can make managing diabetes easier") and the OmniPod ("You can try
it on for size" - those doing so got a free poster on pump therapy). A magician at the corner of the
booth performed card tricks and other sleights of hand, at one point gathering a crowd of up to 20
people on the exhibit's periphery. His act incorporated OmniPod logos and messaging (e.g., he
would repeatedly pause, ring a bell, and say "OmniPod," an almost Pavlovian training exercise) - his
skills were impressive and we thought it was a savvy touch. Tables dotted along the outer edge of the
exhibit provided booth-goers with a chance to see a demo of the OmniPod and feel the new smaller
pod itself. A colorful brochure did a persuasive job of selling the benefits of the OmniPod over
traditional pump therapy, including two studies demonstrating significant declines in A1c (-0.3% to
-0.5%) in those switching to or newly starting the OmniPod (Kane et al., Infusystems 2009; Zisser et
al., Diabetes Care 2006). Those desiring a take-home demo pod for their patients could snag one
before leaving the booth. In terms of social media, the company does not appear to have a significant
presence on either Twitter or Facebook.

▪ Intuity Medical: Located just behind the massive Novo Nordisk exhibit, the tall, tent-like Intuity
Medical structure immediately drew the eye with its vibrant pattern of colorful shapes and white
clouds. As at other conferences, the booth's branding focused primarily on the Pogo All-In- One
blood glucose meter, with the company name less prominently displayed. Representatives provided
demonstrations of the meter, emphasizing how compact and hassle-free it is with the lancets and
strips contained in a cartridge inside the device. Not having to load a strip or use a separate lancing
device makes testing with the Pogo All-in-One both fast and discreet. The meter still needs FDA
clearance, but we hope it will be on the market soon. This has been a long time in the works, and we
wonder what is taking so long from a regulatory perspective. After watching the demonstration,
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visitors could enter a raffle to win a Kindle by selecting their five favorite Pogo meter designs. The
booth also gave away fun handheld fans that when turned on display the message "Pogo… So Hot It's
Cool" in bright blue lights. Intuity does not appear to have sought to develop a social media presence
to date.

▪ J&J Janssen: The immense J&J booth bonded LifeScan, Animas, and Janssen, with the sum total
size easily rivaling that of Novo Nordisk's neighboring exhibit at the front of the hall. Janssen took
up around a third of the Johnson & Johnson booth (one of the largest booths at ADA 2013),
featuring their family of "J&J Diabetes Solutions Companies." This is, of course, the launch for
Invokana, their new SGLT-2, which was featured strongly and was positioned as the "first and only
SGLT-2 inhibitor approved in the USA." The Invokana area had an artistic motif, along with the
slogan "Envision New Possibilities." Six easels took up this theme, and participants could create
paintings that will ultimately be donated to hospitals. On Sunday of ADA, the Invokana booth hosted
a series of interviews with diabetes luminaries conducted by ReachMD host Dr. Matt Birnholz.
These interviews covered topics such as diabetes management, current unmet needs, and the best
new hopes in treatment options; the audio from these talks can be heard through ReachMD on its
mobile apps and on XM Satellite Radio - we thought this was a nice way to extend exhibit hall
education beyond the meeting. The company's social media presence includes a moderately well-
established Twitter feed (@JanssenUS with 1,241 followers), although the company only tweets a
couple times a month unless there's a big event with live- tweeting. While they have two ADA tweets,
neither specifically mentions their new drug Invokana. The company does not have a Facebook page.
The drug launch is going incredibly well and it was fun to hear chatter about patient success stories
at the booth.

▪ J&J LifeScan/Animas: Tables along the J&J LifeScan booth's edge provided attendees with
demos of the Verio IQ and Ultra meters. We heard great news about the Verio IQ - the software
problem (errors at glucose values >1,023 mg/dl) has been fixed and LifeScan is now manufacturing
new meters. Reps will have it in their hands "fairly soon." We had a great time looking at the new
products section of the booth, where the iPhone/iPod/iPad compatible Verio Sync meter was being
demoed for the first time ever at a conference. The rep could not share any estimate of when it might
come to market, giving us a vague "coming soon" timeline - as a reminder, this stripped down
version of the Verio IQ meter wirelessly sends blood glucose data via Bluetooth to the OneTouch
Reveal Diabetes Management Application - we think it will be quite popular. It received FDA
clearance in early February (see our report at http://close.cx/VerioSync). The rep emphasized the
Verio Sync simplicity, as the standalone meter contains just one button to turn the device on and off.
He also highlighted the brightness of the standalone meter's screen (black background with bright
white, calculator-like digits), which differs greatly from the Verio IQ's white screen and multi-
colored text. The meter must be within 10 feet of the Apple device to send the data, and the
OneTouch app must be open on the Apple device to receive it. We love that it is fairly hassle-free,
mindless, and works automatically. We enjoyed a demonstration of the app, which looks good:
bright colors, time in range prominently displayed, and nice visual displays of the Verio IQ's pattern
recognition tools. We were disappointed to see that the app does not include separate time in range
charts by time of day or the ability to create a PDF report, though we expect these could come in
later software updates (a benefit of mobile software updates!). Turning to Animas, we could only see
the Dexcom- integrated Vibe in the international section of the booth; the US portion promoted the
OneTouch Ping and its waterproof benefits. Those thirsty from walking around the large booth could
stop at an espresso bar in the center of the exhibit. The company does not appear to have a
significant presence on either Facebook or Twitter.

▪ J&J Diabetes Institute: JJDI took up a more modest part of the J&J booth. JJDI serves a
valuable role providing diabetes training to healthcare professionals, and they were promoting their
online community available at www.jjdi.com. Physicians, nurses, and other HCPs who join the
community can enjoy webinars, blogs, forums, and access to other archived content. JJDI does not
have a significant social media presence.
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▪ Lilly Diabetes: Lilly's signature circular red display reading "Personal Solutions for Everyday Life"
was featured very prominently, and the exhibit was certainly one of the largest in the hall. Just as at
ADA and EASD last year, the exhibit was modeled after a home, with a different product or theme
featured in each room of the house. Humalog was featured in the "kitchen" of the Lilly house, where
pen devices were displayed in stand-alone glass cases (kind of like fine jewelry). The outdoor patio
had a grill with tips on healthy eating. A final "room" in the exhibit was a children's elementary
school classroom complete with cubbyholes, lunchboxes, and crayons, with a traditional glucagon
rescue kit interspersed amongst these more familiar childhood props. This room provided
educational materials on hypoglycemia. Tradjenta and Jentadueto were de- emphasized at Lilly's
exhibit, as the BI/Lilly exhibit was right next door. Replacing the space that Byetta and Bydureon
used to occupy, Lilly added a stand on Humulin-R U-500; it used a picture of a mega-syringe to
demonstrate how patients could reduce their insulin volume by 80%. We'll be interested to see what
this section of the booth contains in the future, per Insulet and Lilly's recent agreement develop a
new OmniPod for use with Lilly's U-500 insulin. Finally, Lilly continued to feature its innovative
partnership with Disney and its resources for children and teens. In terms of social media, the
companywide twitter handle (@lillypad with 25,642 followers), has a very well-established presence,
but there has been almost no mention of ADA recently. They have no Facebook presence.

▪ Medtronic: Though located at the rear of the exhibit hall, Medtronic's sprawling booth was
mobbed with attendees interested in learning more about pumps and CGM. It was a slightly less
exciting booth than the new-products-filled exhibit at ATTD 2013, though we were glad to still see
the closed-loop research system on display in a glass case with the Paradigm insulin pump, CGM,
Android phone, tablet for remote monitoring, and a Bluetooth translator. There are many new
products coming at Medtronic and the company's devotion to improving patients' lives was clear.
We found it somewhat odd that the fake screenshot of the AP system displayed "139 mg/dl" for the
sensor glucose value and "298 mg/dl" for the meter value - not reassuring from a CGM accuracy
perspective, though perhaps an honest effort by Medtronic to show that these systems are not yet
perfect. In the international section of the booth, iPads showed off Medtronic's biggest news of the
meeting - the ASPIRE in-home study of the MiniMed 530G, just published in the NEJM
(http://www.nejm.org/doi/full/10.1056/NEJMoa1303576). Our write-up of the late- breaking
poster data can be found in the "Posters" section of this report. Also on display was the Sentrino
critical-care CGM, though it was clearly marked "For European Audience Only." Reps abounded
offering demos of Paradigm insulin pumps, Guardian or Enlite CGMs, Contour Next Link meters,
CareLink Pro, and the mySentry remote monitor. Medtronic's social media presence was a highlight
of the Exhibit Hall. We had a lot of fun at the "Social Community" station of the booth, where
Medtronic reps were live tweeting from the @MDT_Diabetes twitter account. We thought this was a
very admirable and cool social media move from a company as large as Medtronic. Indeed, when we
asked how Medtronic was engaging with the conference online, we were immediately directed to a
specific and knowledgeable social media person who was standing next to a live feed of not only
their Twitter account (@Medtronic with nearly 10,000 followers) but also the ADA twitter account
and the #2013ADA feed. When we asked about Facebook, she immediately brought up the
company's page, which had been ready to go in a separate window. She explained that Medtronic
was most excited about their Facebook page, which broke 100,000 fans (and is now closer to
130,000) this year. At the "social media station," she was both live-tweeting the conference and
using it in a very creative way to interact with folks in person by helping them tweet their comments
live to Medtronic's followers. In one notable example, she helped three Irish endocrinologists
compose their first tweet from the Medtronic booth - we were quite impressed with this nimble nod
to social media. We're excited to see more companies follow Medtronic's lead in the future.

▪ Merck: Visitors could create and print their own posters on type 2 diabetes management (a nice
nod to individualization), get information about Merck's efforts to advance diabetes education, enjoy
a cup of frozen yogurt, and learn all about Merck's products. Chairs and tables offered a nice
reprieve for weary exhibit hall-goers, though the colors and atmosphere at the Merck exhibit were
fairly understated. Merck's product signage included four main stands: one on Januvia, two on
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Janumet/Janumet XR, and one on Merck's cholesterol-lowering agent Zetia (ezetimibe), which was
located a little more off to the side than the others. Each of the medication information stands
featured a "patient" character that attendees could "meet" (e.g., at the Januvia stand, we met
"Steve," a man with type 2 diabetes who was not achieving optimal glucose control on metformin
alone). The exhibit allocated about 20% of its space to a section on advancing diabetes education - it
showcased a cartoon poster of a "conversation map" titled "On the Road to Better Managing Your
Diabetes" that offers diabetes educators a tool for interacting with patients. The representative
informed us that Merck offered a complete curriculum certified by the ADA for training educators
on how to use the tool and that Merck had already trained 26,000 providers. The map addressed
topics such as diabetes and feelings, healthy eating, medications, and SMBG. In terms of social
media, the company has a well-established Twitter feed (@merck with 13,500 followers) but no
Facebook page; it has not tweeted about the ADA. However, the company does have a unique social
media presence here at ADA with its prominent Taking Diabetes to Heart food truck. The truck is
hosted by local food truck partner "Baby Cakes" and is serving attendees a pair of diabetes-friendly
pancake samples: cranberry orange and fiesta corn & black bean are on the menu. Merck has
encouraged local food trucks to join this effort both in Chicago and on Twitter.

▪ NeuroMetrix: This small company came to the 2013 Exhibit Hall making a splash, as its Sensus
device for the management of diabetic peripheral neuropathy was approved earlier this year. The
company primarily promoted the device through testimonial videos from real-life users - something
that would not have been possible at last year's ADA, which happened before the device gained FDA
clearance - who eloquently described how the device's non-invasive nerve stimulation had provided
relief where existing DPN medications had not. A representative followed up on one such
testimonial, saying the patient in question had only been able to get his pain down from a "10" to an
"8" with pain medications like Vicodin, but that the Sensus had brought the pain all the way down to
a "3" or "4," and it had even eliminated the need to keep taking the drugs. The company also
displayed its NC-Stat DPN Check, its device for diagnosing sural nerve conduction as an indicator of
diabetic neuropathy, but this understandably took something of a backseat to the Sensus. The
company maximized its limited budget with a tasteful booth decorated with comfy office chairs and
potted plants; crucially, NeuroMetrix's overhead rotating sign, though much smaller than Sanofi's,
was still visible from throughout the Exhibit Hall floor. Most excitingly, when we asked the
NeuroMetrix representative if they were planning on doing demonstrations of the Sensus or the
DPN Check, they offered to let us try out the Sensus! A representative sat us down and explained
how the Sensus works, let us hold it to feel how light it is, and then put it around one of our legs. He
showed us how to turn the level of nerve stimulation up and down; it felt like a light, tingling
sensation. It seemed to us that the Sensus is very straightforward to use. Moving to social media, the
company has not yet sought a Facebook or Twitter presence.

▪ Novartis: Located in a far corner of the Exhibit Hall, this intimate but busy booth turned a
potential weakness for the company into a major strength. Because Novartis has no diabetes drugs
in the US market after its DPP-4 inhibitor Galvus (vildagliptin) failed to gain FDA approval in 2008,
the company's focus during stateside exhibitions is necessarily less focused on its products and more
on the general global arena. As such, the Novartis booth positioned itself as a place where ADA
attendees from all over the world could come to share their perspectives and expertise. Genius!
Tablet devices ringed the booth, all loaded with a simple survey that asked the respondent to identify
their nation of origin and answer a few multiple-choice questions about their country's attitudes
toward diabetes care. Inside the seating area, additional tablets featured profiles on three fictional
patients and prompted visitors to offer their opinions on treatment options. We will definitely look
forward to the results; the international team of representatives explained to us that they hope to
attract enough survey participants both here and at EASD to assemble a robust, useful data set. This
theme of more socially conscious outreach was also indicated by the booth's posters, respectively
entitled "Discoveries about Diabetes" and "Predictions about Diabetes," which provided a useful
overview of both the disease's past and its potential future. Moving to social media, Novartis has a
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very well-established Twitter feed (@Novartis has 41,560 followers) and Facebook page; the former
has been providing regular updates on the company's activities at ADA.

▪ Novo Nordisk: Novo Nordisk delivered yet another impressive booth at this year's conference,
which dominated the main entrance to the exhibit hall - indeed, the architecture of McCormick Place
and the prime positioning of the booth ensured that it was virtually impossible to visit the Exhibit
Hall without first taking a good, long look at what Novo Nordisk had to offer (this was different from
Philadelphia in 2012, which had three entrances to the hall). Similar to past meetings, the booth was
sharply decked in white panels containing large video screens or brightly lit display monitors. In the
center of the booth was a large double-decker structure in which one could talk to medical or
corporate representatives. Snaking along this structure were lines of visitors awaiting a beverage at
the booth's coffee bar, signing up for this year's 5K race sponsored by the company, or getting for a
free A1c check. About half the booth was dedicated to Victoza while the other half was dedicated to
the company's insulin franchise (NovoLog, Levemir, NovoMix 70/30). On the Victoza side of the
booth, the monitors featured the slogan "sustain your Victoza knowledge", emphasizing the
sustained reductions in A1c achieved with the drug in clinical trials. Other monitors featured an
individual pulling out of the ground a plant root whose top formed "A1c," highlighting the ability of
Victoza to address several underlying pathogenic mechanism that lead to elevated blood glucose
levels. Visitors to this side of the booth could play a Victoza trivia game on iPads, after which Novo
Nordisk would donate $10 to the ADA Research Foundation. In fact, every time a visitor spoke with
a sales representative, Novo Nordisk donated $10 to the ADA Research Foundation ($30 was
donated during one of our single visits!). We wonder if this helps Novo Nordisk ensure prime
placement in booths or if that is incorporated into pricing alone of the booths. The expert Victoza
sales representatives were eager to highlight the multiple actions of Victoza in the body (reduced
gastric emptying, glucagon suppression, glucose-dependence insulin release, weight loss) and the
ability to use the drug with insulin and numerous other anti-diabetic therapies. When booth
attendees asked about ongoing concerns regarding pancreatitis and pancreatic cancer, they were
referred to Victoza's prescribing information.

On the insulin side of the booth, a big ampersand statue stood in the middle of the floor and
monitors displayed the following slogan: "Levemir provides once daily efficacy & more. A1c & FPG
reductions. Low rates of hypoglycemia. The Flex Pen, which lasts up to 42 days unrefrigerated."
Meanwhile, advertisements for NovoLog read, "No other rapid acting insulin is part of so many
lives." When we talked to the sales representatives, they stressed that Levemir provided a similar PK
profile as well as glycemic effect as Lantus. For NovoLog, they highlighted results from both the
STEP-Wise trial and the 4-T trial to demonstrate that both gradual and immediate initiation of basal
bolus therapy is effective with NovoLog, providing providers and patients with flexibility. Nearby, a
large video monitor featured the company's latest efforts to impact diabetes policy at the national
level, including an interview with former US Senator Tom Daschle - we certainly applaud these
efforts. While of course this would have been the year for a degludec US launch, we were impressed
by Novo Nordisk's presence on the insulin front; those wanting to learn about degludec could do so
in the medical affairs part of the booth.

In addition to this main booth, Novo Nordisk had a separate side booth, which featured several
members of Team Novo Nordisk's professional cycling team. These cyclists in full racing gear were
happy to discuss the mission of Team Novo Nordisk (to educate and inspire by showing you can live
the way you want if you have diabetes) as well as share their own stories. To further enhance the
company's presence, Novo Nordisk also sponsored several wireless Internet and computer
recharging stations throughout the hall. Finally, in terms of social media, the main company handles
(@novonordisk and @novonordiskUS) both have a moderate Twitter presence with just under
2,000 followers and has mentioned ADA, but it doesn't tweet particularly frequently. The company
does have a handle specifically for live-tweeting (@novonordisklive), which has been really active in
its ADA coverage, but this feed hasn't broken 500 followers just yet. Both this and the company's
US-specific handle (@novonordiskUS) tweeted about Novo Nordisk-specific sessions, their 5K race,
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and the latest ADA quiz. We are surprised there is not just one "handle" for Novo Nordisk (or at
most one for the US and one international) - no doubt, this has something to do with legality. Most
impressively, Team Novo Nordisk has nearly 15,000 followers and has been very active.

▪ Perrigo: The company's small, low-key booth featured an impressive display of the company's
various store brand meters and strips, which are found in such major retailers as Target and Kroger.
The helpful representative explained that this is their second year at ADA, and their hope is to raise
awareness of their products - these were characterized as offering a cheaper and effective alternative
to more established name-brand products. The representative pointed out that they all have to meet
the exact same FDA requirements (self-reported). The booth prominently advertised the $4 copay
for Perrigo's blood test strips. When we asked the representatives if they could do a meter
demonstration, they jumped to it with control solution, stressing the fact that these meters are much
more affordable than other meters. Another rep gave us a brochure about the GlucaGen HypoKit,
which contained two packs of glucagon for one co- pay. In terms of social media, Perrigo does make
moderate use of both Facebook and Twitter (@perrigocareers, with 1,100 followers), although these
appear to function more as recruiting tools than as a venue for consumer outreach.

▪ Roche (Accu-Chek): Roche had a stylish, open-plan and "architectural" designed area, decked out
in wood and their corporate colors. The company was emphasizing the message "Bringing It All
Together" - meaning patient engagement, therapy options, and practice effectiveness. Roche showed
at the booth that it won the very first JD Power award for highest customer satisfaction in blood
glucose meters. The booth also featured demonstrations of the current Accu-Chek line up, including
the Nano and Aviva Plus meters, the Combo pump, and the 360° data management products.
Turning to social media, Roche has a very well-established Twitter presence (@Roche has 32,830
followers), but they do not appearing to be making an ADA push on the main handle. However,
Accu-Chek has its own well-established Twitter account (@accuchek_US has 7,207 followers) that
has been actively tweeting from the conference. Notably, they'll be sponsoring the live #DSMA meet-
up at ADA; they deserve great credit for pulling together so many patients active in social media,
starting back around 2009 and stand as a real leader on the diabetes advocacy front. Roche also gets
a shout-out for their very cool Accu-Chek YouTube page, which features a number of recent videos
profiling "diabetes heroes."

▪ Sanofi: Sanofi had an immense exhibit hall footprint, rivaling that of Novo Nordisk. However,
unlike most other booths, Sanofi kept its expansive, cool blue carpet relatively spare. We walked
through a giant Sanofi Diabetes arch, which was decorated with pictures of physicians in white coats
and the slogan "With you every step of the way." On the other side of the arch, Sanofi printed in all
capital letters "The 1 you know" with a five-foot tall Lantus Solo-Star pen forming the number one.
Few attendees frequented the three screens with animated tutorials on how to use the SoloStar,
presumably because most are already very familiar with the product. A large panel of the booth was
dedicated to Apidra; the panel quoted a patient who liked the flexibility Apidra offered with the
ability to dose 15 minutes before or 20 minutes after starting a meal. Sanofi made room for dozens
of people to stand in line for CDs of all of the ADA abstracts and posters, though only a few people
took advantage of this opportunity - we certainly did! On the booth's outskirts, representatives
demonstrated using the iBGStar blood glucose monitor - this is still done with the iPhone 5 using the
Mac adaptor. Aside from the main Sanofi Diabetes booth, Sanofi Medical had a small section where
they served yogurt parfaits and advertised recruitment for diabetes FORWARD, a study collecting
data on real life diabetes practices. Moving to social media, Sanofi has a well-established Twitter
presence (@diabetes_Sanofi with 6,170 followers) but are not aggressively tweeting the conference.
There's almost no mention of the conference on their well-established and very engaged Facebook
page. Notably, the head of US Diabetes at Sanofi, Dennis Urbaniak, is very active on Twitter
(@DUrbaniak) and has thousands of followers (well over 4,000 at last count).

▪ Santarus: The Santarus booth was off to the right side of the exhibit hall, yet it was very noticeable
because its rectangular structure and overhead posters really carved out the booth's space. As in its
previous two years at ADA, the Santarus exhibit featured Cycloset (bromocriptine mesylate tablets)
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and Glumetza (extended-release metformin). Interactive screens and helpful representatives inside
the booth walked visitors through information about these drugs. Visitors who were in more of a
rush could learn about the drugs by checking out large, science-focused posters on the outside of the
booth; one poster displayed the percentage of patients who achieved an A1C goal of less than or
equal to 7.0% while taking Cycloset, and another diagram tracked the digestion of Glumetza from
fifteen minutes post-dose to fifteen hours post-dose. The clearly exhibited data helped demonstrate
Cycloset's low cardiovascular risk profile, and Glumetza's low rates of nausea - two major
differentiating points. The company does not appear to have a significant social media presence.

▪ Tandem: The San Diego-based company's booth was in the very last row of the exhibit hall, though
thru traffic to product theaters meant it was still quite well-attended. The modern, wood- floored
booth marketed the t:slim, "the first touchscreen insulin pump." The booth's front desk proudly
showed off the recently awarded Medical Design Excellence Award, a glass diamond trophy
presented to Tandem for the t:slim. We spent most of our time getting a demo of t:connect,
Tandem's new web-based application for the t:slim. Consistent with the booth and pump's theme,
the focus was on simplicity: the micro-USB connection, the one-click upload to the web, the simply
designed web dashboard, color coding, and the Mac/PC compatibility. We particularly enjoyed the
rep's description of the t:slim upload process - "I'm charging, delivering insulin, AND uploading
data!" Super cool. Reps also explained that t:connect was 3.5 years in the making, reflecting tons of
input from patients and clinicians and plenty of market research. In contrast to some of Tandem's
previous booths, the Verio IQ meter was not on display; this presumably has to do with the recent
product recall. Moving to social media, the booth did feature a sign indicating the company's
presence in this area, although surprisingly, the sign did not include any links to Tandem's Twitter
feed or Facebook page. Their established handle (@tandemdiabetes has 1,097 followers) sent out
well over a dozen tweets over the first two days of ADA.

▪ Telcare: Wedged between much larger booths from Novo Nordisk, Sanofi, and Roche, Telcare's
booth was nonetheless packed with attendees desiring more knowledge about the cellular-enabled
meter. We immediately noticed signs for the Gluco-Share program (www.gluco-share.org), which
has the tagline, "Turn Your Readings into Rewards." The free iPhone app (also on Facebook) helps
patients set goals and challenges, allows them to enter blood glucose readings, allows social
interaction with friends and family, and gives tangible rewards (>800 to choose from) for good
behavior and habits. Patients using the Telcare meter can now enter their blood glucose values using
the meter's wireless transmission - we think this is brilliant and a great way to get younger
populations to test more frequently. As we understand it, Gluco-Share was started by John
Madden's son, Joe, and it is really intended to "gamify" diabetes. Regarding the meter itself, a rep
eagerly showed us the newest version. Updates include compatibility with Verizon's network
(expands cellular coverage), a simplified menu/settings structure, and an improved battery life
(twice as long lasting; about seven days on a single charge) - the latter was the number one
dissatisfier with patients using the earlier version of the device. The rep also mentioned Telcare's
pilot projects with Kaiser, Blue Cross Blue Shield of North Carolina, and a handful of hospital
systems. Patient satisfaction is apparently "off the charts" and adherence is higher relative to those
not using the meter. We sincerely look forward to seeing results from the Kaiser pilot in southern
California, which are expected by the end of 2013. In terms of social media, Telcare has moderate
followings on both Twitter (@telcare has 1,646 followers) and Facebook, though it does not appear
to have used either of these to promote its presence at ADA. On a final note, we were impressed to
hear that the company purchased the materials for its booth at a "dumpster" for $15,000, a small
fraction of what booth costs could be - very scrappy.

▪ Valeritas: The company had a bold and colorful booth at ADA this year, with highly visible green
signage advertising V-Go, their simple-to-use insulin delivery device aimed at type 2 patients. The
booth featured a number of catchy marketing slogans, such as "Lighten the Load of Type 2
Diabetes," and (our favorite) "It's not a pump, it's not a pen, it's a V-Go!" The V-Go device is
commercially available in the USA, and the booth featured persuasive educational materials,
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comparing the hassle factor of basal/bolus therapy to the ease of use of a V-Go and highlighting the
tragic amount of non-adherence in MDI patients, leading to poor glucose control. We were very
impressed by the materials that featured people with diabetes that looked very together and
"regular", aspirational and "normal" people! Valeritas recently got lots of attention and rave reviews
pre-ADA for hosting a type 2 social media summit - this got heaps of enthusiasm from the diabetes
online community and we imagine will be part of the next #dsma weekly Twitter chat. On the social
media front, Valeritas has an up-and-coming new Twitter presence (@Valeritas_US) that had been
actively tweeting and re-tweeting during ADA. Specifically, they have been doing a lot to interact
with other Twitter users, although not so much highlight their presence at the conference. The
company does not have a Facebook page.

▪ Vivus: Throughout McCormick Place, bins with Vivus' semi-translucent-blue rendering of an obese
person told attendees that the company had "something meaningful to share " at its signature
purple, blue, and white booth dedicated to the anti-obesity medication, Qsymia (phentermine/
topiramate ER). A stand-alone wall partially wrapped around what appeared to be Vivus' smaller
booth from AACE. This created room for ADA's larger crowds and a simple coffee bar. A second wall
extending from the original booth expanded the medical information section to include information
on the clinical benefit of 10% weight loss. In this white and deep blood-red section - the color
scheme evoked thoughts of a finger prick for type 2 diabetes or cardiovascular disease - visitors
could use one of the three available iPads to read about the NIH's recommendation that an
overweight person lose at least 10% of his or her weight to improve comorbidities. The program
cited the Look AHEAD trial's finding that weight loss of 10-15% had more clinical benefits than
5-10% weight loss (a result that benefits Qsymia over its less efficacious competitor, Arena/Eisai's
Belviq). Notably, the program continued to educate on how to start an open and honest conversation
about a patient's weight and offered to mail visitors an information kit on the topic. Given the lack of
training most physicians have on treating obesity, we think Vivus is doing a valuable service in
providing such education. Vivus does not appear to have a social media presence.

Social Media Report - Analyzing #2013ADA

While we were at ADA, we had a great time tweeting our reactions to various conference sessions and
memorable moments throughout the week. With the benefit of hindsight, we see now that tons of people at
ADA were just as excited to connect with others over social media. We analyzed the use of the official hash-
tag of the conference (#2013ADA) to see what insights we could glean from the emerging and enmeshed use
of Twitter during ADA 2013. Because a hash-tag exists as a potentially continuous phenomenon on Twitter
(it could have been tweeted well before the conference and could still be tweeted well after the conference),
we decided to limit our analysis to the period of its use between June 8 and July 8, so as to capture the run
up to the conference, the conference itself, and the immediate aftermath of the conference. In this period,
#2013ADA was used in 6,193 tweets! Last year, the conference hash-tag #ADA2012 was used in 6,447
tweets over a similar 30-day window. In 2011, #ADA2011 was used in 2,091 tweets. We note that the
association departed from the hash-tag format of "ADA20XX" for this year. Neither #2012ADA nor
#2011ADA was used at all during their respective 30-day windows; however, the hash-tag #ADA2013 was
used in 1,080 tweets.

Throughout this period, the terms most likely to bring "newcomers" (those likely to have only found out
about the topic via social media, as opposed to direct knowledge of ADA 2013) were "glycated hemoglobin,"
"John Anderson," and "artificial pancreas." The caveat with some of these terms is that they are highly
skewed by what became the most popular tweets on the #2013ADA topic. For example, "glycated
hemoglobin" was used in the tweet that reached the most people under this topic, and it came from the
Twitter profile of the New England Journal of Medicine, the following of which extends far beyond the
diabetes community. The Twitter topics most frequently associated with the use of #2013ADA included a
predictable cast of characters: #stopdiabetes (the official campaign of the ADA), #type1, #type2, #t1d,
#dsma (for Diabetes Social Media Advocacy), and #jdrf.
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While no one topic or twitter profile dominated the discussion, the 15 most influential Twitter profiles
(shown below) accounted for 41.2% of all tweets on the #2013ADA topic. Most of the top tweeters at ADA
2013 were patient advocates; a handful of company-related Twitter handles made the list (notably,
Medtronic Diabetes, Accu-Chek US, Team Novo Nordisk, and Sanofi). At the end of the day, our key learning
from the social media landscape of ADA 2013 is the most fundamental fact, which is that the sheer size and
scale of tweeting throughout this conference speaks to the staying power of social media in the diabetes
world. As you'll see from the panel of analytics below, over a million profiles on Twitter saw a #2013ADA
tweet each day of the conference. By the end of the conference, the #2013ADA topic touched Twitter profiles
more than 20 million times. For 6,193 tweets, that's not at all a bad reach.

**All analytics were gleaned from search queries run through Topsy Labs, Inc.

Date Daily impressions* from tweets using #2013ADA

June 19, 2013 871,987

June 20, 2013 1,475,897

June 21, 2013 3,329,074

June 22, 2013 4,687,619

June 23, 2013 4,809,972

June 24, 2013 3,850,176

June 25, 2013 1,816,246

June 26, 2013 603,728

Date Cumulative impressions from tweets using #2013ADA

June 10, 2013 73,305

June 19, 2013 2,141,064

June 20, 2013 3,616,961

June 21, 2013 6,964,035

June 22, 2013 11,633,654

June 23, 2013 16,443,626

June 24, 2013 20,293,802

June 25, 2013 22,110,048

June 26, 2013 22,713,776

July 8, 2013 23,361,951

*Impressions are the number of times a tweet can be seen by other Twitter profiles. For one tweet to have five
impressions means it could be seen by five different Twitter profiles.

#2013ADA Topic Influencers** by Tweet Frequency and Reach
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Twitter Handle Followers

(thousands)

#2013ADA

Tweets

# of outside Retweets on

#2013ADA Tweets

@askmanny Manny Hernandez 8 61 115

@amdiabetesassn American

Diabetes Assn.

48 200 660

@curet1diabetes Ellen Ullman 4 30 9

@diabetesmine Diabetes Mine 12 131 122

@mydiabeticheart Mike Durbin 1 32 5

@kellyrawlings Kelly Rawlings 4 165 210

@iam_spartacus Chris 1 100 70

@diaTribenews Close Concerns 3 75 100

@hopewarshaw Hope Warshaw 3 37 26

@diabetessocmed Diabetes Social

Media

Advocates

5 32 43

@mdt_diabetes Medtronic Diabetes 9 53 60

@accuchek_us Accu-Chek US 7 26 30

@diabetes_sanofi Sanofi Diabetes 6 17 37

@teamnovonordisk Team Novo

Nordisk

14 16 32

@diabeteshf Diabetes Hands

Foundation

13 21 37

Total Tweets

+ RTs

2,552

* We note that this list of top 15 influencers are in no particular order.

**A Twitter profile's influence, as measured by Topsy Labs, is a function of that user's ability to gain attention
from other profiles on Twitter. This includes the number of retweets the user receives on a given topic, as well
as the influence of those users who are retweeting.

The 7th Annual Diabetes Forum Presented by TCOYD, Close Concerns, and
diaTribe

PANEL DISCUSSION

The panel discussion hosted by TCOYD, Close Concerns, and diaTribe brought together eight leading
thinkers in the field of diabetes for a lively discussion and reflection on this year's ADA. The panelists
expressed excitement and optimism about the artificial pancreas, Dr. Ralph DeFronzo's triple therapy, and
the promise of new diabetes therapies. Panelists identified Novo Nordisk's IDegLira, Dr. Steven Russell and
Dr. Ed Damiano's artificial pancreas, dapagliflozin for type 1 diabetes, delayed-release metformin
(NewMet), MannKind's Afrezza buccal insulin, and new insulins as the most exciting recent developments.
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Panelists articulated concern over the negative role the media has played in relaying the story about the
potential association between incretins and pancreatitis and pancreatic cancer, and most agreed that
additional data are necessary to "disprove a negative." The panelists concluded by encouraging young
people to consider a career in this dynamic specialty, noting the potential to develop meaningful, ongoing
relationships with people with diabetes, despite persistent challenges.

Steven Edelman, MD (UCSD, San Diego, CA), Kelly Close (Close Concerns, San Francisco, CA),
John Buse, MD, PhD (University of North Carolina School of Medicine, Chapel Hill, NC),
James Gavin, MD, PhD (Emory University School of Medicine, Atlanta, GA), Robert Henry,
MD (UCSD, San Diego, CA), Philip Home, DPhil, DM (Newcastle University, Newcastle upon
Tyne, UK), Virginia Valentine, APRN-CNS (University of New Mexico, Albuquerque, NM),
Howard Zisser, MD (University of California, Santa Barbara, CA)

Ms. Close: We'll start by asking the panel tonight three questions. First of all, what's
impressed you most at ADA so far? What has surprised you the most? And what is your
favorite technology that has not yet been approved that you think has the best potential?

Dr. Buse: I haven't gone to all the sessions, but I think the thing that I found must impressive was the study
that I presented [laughter from the audience]. It was very impressive. It's the so-called DUAL-1 study, which
investigated a premixed combination of liraglutide and degludec [IDegLira]. The combination was compared
to its component parts. The combination product provided a 1.9% reduction in hemoglobin A1c, which is
pretty impressive, from a baseline of 8.3%, compared to a moderately lower reduction in A1c with both of the
comparators. The end A1c was 6.4%. To me, IDegLira is sort of like insulin on steroids. This combination
results in a 30% lower rate of hypoglycemia that insulin degludec alone, despite a 0.5% greater reduction in
A1c. It was associated with a tiny bit of weight loss, as opposed to about two kilograms of weight gain with
insulin. With regards to nausea, the major adverse event of GLP-1 receptor agonists, it was associated with
about a 50% lower risk of nausea in general, more than 50% reduction in vomiting, and only 9% of patients
had any nausea at all during 26 weeks of follow up. The most surprising thing was this really dramatic
reduction in the rate of nausea starting with a modestly lower dose because of the nature of the algorithm for
titration of this IDegLira product and the titration schedule. Lastly, of the new technologies that I heard of,
the thing that I am most anxious to be able to prescribe would be Steve Russell and Ed Damiano's dual-pump,
CGM interface through an iPhone. This is a very neat project.

Dr. Gavin: There were a couple things that I want to speak to that impressed me in this meeting, and they may
seem pedestrian. I've been coming to this meeting for 30 to 35 years, and I thought the tracks were much
better organized to eliminate or reduce competition for the things that I wanted to go hear. I was impressed
by that. I was also impressed by a little study that DeFronzo's group published, showing that the cocktail
approach really does work. When you combine a TZD, a GLP-1 receptor agonist, and metformin, a drug that
we know and love, it is an affirmation that if we actually couple what we've been learning through the
discovery process for the last 100 years in diabetes pathophysiology with the use of therapies that we now
understand, that it actually does make sense. Now I'm wondering when we're going to see changes in the
treatment guidelines to reflect this connection between the demonstration that what we know can actually be
used to capture new and sensible therapeutic alternatives. Thank you, Ralph, that was a good thing and that
impressed me. I was surprised to read all the posters and hear all the presentations that affirm the necessity
for more precision and more accuracy in glucose monitoring if we're going to drive towards better outcomes.
Here we're standing by, seeing essentially the rate of such capabilities, more precision and more accuracy,
based on policy changes and how these technologies are going to be made available to patients, and we have
not had a forum to seriously address that. I'm not asking ADA to take a position or put it's neck on the line,
but everyone who is interested in and committed to sensible things happening on behalf of patients by
improving glucose monitoring, is either at this meeting or could have been at this meeting. To organize a
forum within this meeting that could speak in substantive ways about how we might develop a focus that
could circumvent some of this trend, I'm surprised that this hasn't happened and quite frankly disappointed.
Next, the device or area that I thought had a lot of potential might surprise you. I'll start by telling you that my
mother lived the last six years of her life with us, died when she was 98, with only two medical problems: type
2 diabetes and osteoarthritis. Her medical support for her type 2 diabetes was 500 mg of metformin. Now, I
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wasn't her doctor. She wouldn't have believed a thing I said. Her doctor did seek my advice and agreed that
she was on metformin because the last A1c before she died was 6.4%. But she was able to be on 500 mg of
metformin because her kidney function allowed it. Now, I saw a presentation here that actually does
something that is near and dear to my heart, and that is that it provides new directions for old friends like
metformin. This formulation of metformin called metformin delayed-release actually releases the metformin
in the gut, and does everything that metformin is supposed to do, in terms of lowering glucose, all of the
benefits, but the levels of circulating metformin that are associated with this formulation are much lower. So,
all of the garbage that we worry about in older people or people with kidney impairment, we don't have to
worry about. Metformin delayed-release [NewMet] strikes me as the optimum way to repurpose a drug that
the more we learn about it the more we love it. I was really impressed by that and think it's going to be an
important new tool in the sea of new developments that we have.

Dr. Zisser: I think one of the most impressive things at this meeting, that continues to impress me, is really
Kelly and her squadron of individuals. It really allows us to be at this meeting and to conduct other business
and get home at night and read what has happened during the day. I think it's an amazing thing. As far as
studies or sessions I didn't make it to, the artificial pancreas really has shown over the last year that we have a
really good relationship with the FDA, and they have really started to allow us to go from in the clinic to
outside of the clinic. The Beacon-Hill study at Boston is getting patients at home and studying them for weeks
at a time. While we were first making baby steps, I think now we're making much larger steps, really focusing
on overnight control. I think that's very exciting. What most surprised me about this meeting was seeing Steve
with a shirt with a collar on. I think that deserves special attention [laughter]. I do agree that there was a lot of
buzz about competitive bidding and how that's going to affect both the future of patient's experience and the
company's experience. I think everyone is waiting for the other shoe to fall to see what direction that is going
to go in. Lastly, I didn't really see much in the way of representative reports or posters on this, but if you've
used Afrezza inhaled insulin in patients with type 2 diabetes, it does an amazing job. I often didn't think it was
a great option for type 1 diabetes, but we've started to use it in some of our closed-loop studies and it seems to
be working quite nicely and I think it will be interesting to see what happens with that drug over the next year.

Dr. Home: I have to be impressed by the amount of activity here. At lunchtime I went up to take a photograph
of the poster area and I have never seen anything like it. If you go down into that area, it has what seems like
endless rows of posters of good research being produced from all over the globe. I found myself impressed by
just how much activity there is. Many of us have been saying, "We haven't been able to get to the meeting
because there is so much going on!" It's the level of activity that is reflecting the activity not just in North
America, but globally. There are also loads of people around the world that would love to come to ADA but
can't because the visa process is too difficult. I'm surprised about the rate of progress of things. The artificial
pancreas side of things has been referred to. I remember it from 1976. That has been very slow to climb the
exponential curve, but it is climbing it now. I'm surprised at it, but it's because I've been watching it for too
long. The GLP-1 receptor agonists are at last taking off. They're taking off in combination with insulin, to my
surprise. That's made huge progress and it's going to be the biggest combination therapy. In terms of new
therapy, the one I liked has my name on it. It is Sanofi's new formulation of insulin glargine. It has been 20
years exactly since the first time I was first invited to consult on that and now we have a new preparation
coming along which lowers nocturnal hypoglycemia. That's great because globally, people are still going to be
on injections, but it's not just that I'm a great supporter of Sanofi, it's great to me that Sanofi, Lilly, and Novo
are going to be fighting head to head, because you bet that they are going to look at how they can produce the
next insulin that will be even better. That poster tells me that in ten years time we will be sitting at this forum
saying, "We've got another new insulin!"

Dr. Henry: I would echo that in terms of what impressed me, was the efficacy of some of the therapies. I
would agree that John's presentation on IDegLira was really outstanding and the efficacy of that compound
was pretty outstanding. In terms of other efficacies, I agree that Ralph's presentation on new onset type 2
diabetics getting metformin, pioglitazone, and exenatide, compared to sulfonylureas, metformin, and insulin
was impressive. I think we all kind of expected it, but it was certainly very impressive. The other information
that I think everyone should know about is the new formulation of metformin is going to be a significant
advance and very important. Metformin has a long track record of being very safe, but it is limited because of
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renal impairment, usually. It looks to me like the new formulation might be able to get around much of that.
We'll see how that progresses but it certainly is an exciting opportunity. Lastly, I'm going to talk about a study
that I was involved in, which was the use of dapagliflozin, an SGLT-2 inhibitor in type 1 diabetes. The study
looked at 70 type 1 diabetics in five centers in the US and essentially brought the people in a house for ten
days and treated them with dapagliflozin at four different doses for seven of those days after three days of
baseline blood measurements, etc. The bottom line is we showed a pretty significant improvement in glucose
levels, excursions by continuous glucose monitoring, markedly improved the amount of insulin required, and
obviously this was associated with about 80-100 grams of glucose in the urine. Overall, it was pretty safe and
very easy to use. We only had one case severe hypoglycemia out of the 70 cases. It was a short, pivotal study,
or pilot study, but it showed us that these drugs probably have a value and need to be studied for longer
periods.

Ms. Valentine: First, many of you who know me, know that I am the GLP-1 queen, and I love them. In 2005, I
was so impressed with the little rats that had fewer heart attacks and they didn't have nearly the damage. I'm
so glad to see that that has been repeated over and over and Dr. Fonseca showed this morning that even in
humans we are beginning to see cardioprotection. That's exciting. I am disappointed that we don't see better
uptake on GLP-1 receptor agonists. I do love the SGLT-2 inhibitors; we're using them and having great luck
with them. When I explain to patients about the for potential yeast infections as a side effect of Invokana, it's
not a showstopper. We are getting great A1c lowering and weight loss. When you explain to the patient that
there's a potential for infection, the women say, "How many pounds?" I do have a lot of professionals asking
me what I use. Well you know, we got microwaves in 1974 and we did not throw out the ovens in our kitchens.
So I say, we use everything. I'm very happy to have all these different products. The product we're still waiting
for is the combo. I want a pill that is metformin and SGLT-2 and DPP-4, and everything! I'm really excited
about seeing the pump space expanded, knowing 70 percent of people don't take insulin away from home.
Having the insulin on you means the pump is not just for type 1 patients. I am very concerned that we could
lose blood glucose monitoring. Finally, the most important thing that we have to give our patients with
diabetes is hope.

Dr. Gavin: I must say, that I saw the Valeritas device and I saw it more as a sophisticated pen rather than a
pump. But it is really neat.

Dr. Edelman: I think it addresses folks with type 2 who need multiple daily injections and it has opened the
door for other patch pumps and I do think it's a viable option. I think our patients with type 2 do have trouble
taking their insulin during the day because there aren't too many serious consequences if they forget their
insulin.

Dr. Edelman: Have you seen anything that has really gone against conventional wisdom?

Dr. Buse: I do think that Ralph DeFronzo set his study up as being against conventional wisdom. But I want to
point out that I thought there was a different potential spin to the win of triple therapy versus a sort of step-
care approach. These patients who came in who were really heavy and really poorly controlled, ended up with
an average A1c of 6.6% on very conventional therapy. So I think, to me, one of the learnings was that with
appropriate patient education that many of these approaches could work. Clearly, there are advantages to
these newer approaches, but the conventional therapy did quite well.

Q: As a type 1 of many years, I am hugely excited about the bionic pancreas. On the behavioral
side, what have been the experiences of people wearing it?

Ms. Close: I can't even begin to speak about how amazing it was. I have been following the artificial pancreas
for a really long time. One of the first meetings I went to, to start Close Concerns in 2003, was in San Diego
and at that point they said that there were three big things that were limiting the artificial pancreas: the
sensors aren't good enough, the algorithms aren't good enough, and insulin is way too slow. That sounded like
so many hurdles to get over. So it's amazing to see that today, the sensors are amazing, the algorithms are
brilliant, and insulin is still slow. What blew me away by being in this trial was actually just how much better a
person I could be. It wasn't even just how much better I felt, because I felt smarter, I felt nicer. You have so
much less noise in your head when you're not trying to manage this incredibly dangerous drug called insulin.
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It was just profound to me. There are lot of things, obviously that have to go right. I think the power of
glucagon was also really cool to see. I know there are many different approaches but I had no I had no idea
how profound that was going to be. Just not having not only no hypoglycemia, but also no fear of
hypoglycemia, and no rebounding from hypoglycemia, and no eating the fruit because of hypoglycemia, was
incredible. The fact that the whole diabetes ecosystem all works together and are being driven, remarkably, by
the Helmsley Charitable Trust, and what an amazing difference that has made for the diabetes community, is
amazing. There are many other nonprofits that are also helping us so much including, of course the JDRF and
the Banting Foundation. On the behavioral side, I can't even begin to speak about how incredible it was.

Q: Is everyone reacting this way?

Dr. Zisser: I think a lot of times we have people come in, and it really depends on what study we're doing, and
what we're looking at, but the patients universally will say, "This is my spa day. This is the day I don't have to
worry about my diabetes. It's going to do everything for me." Is it perfect? No, not currently. But I can see a
day where it will be.

Ms Close: They said to me, coming in, that I might be depressed when I leave and that I should be ready for
that. I said, "No! I'm so lucky to be a part of this. That is not a big deal." But anybody who has had a
grandparent or a parent die, you know about that moment when you go and pick up the phone and then you
realize you can't call them. That is actually what it was like when I had to give it back. I still really miss it. I am
about 18 days out and I still have moments of, "Where is it?"

Dr. Buse: Well, as opposed to your parent who passed away, this will come back.

Q: What do you think the next big blockbuster will be? Will it be technology, including the use
of smart phones? Did you see anything at ADA about this?

Ms. Valentine: I saw one thing that was scary today. It was that the FDA is setting up a whole office to regulate
the ability of people to have connectivity with medical devices. That is my biggest concern.

Q: I think we should address the issue about the pancreatitis and pancreatic cancer issue. I
would like to hear the thoughts of the panel about implications for GLP-1 receptor agonists but
also the DPP-4 class, which is a major player in therapy for diabetes.

Dr. Home: I think the sense is that the negative of big blockbusters is to see another Avandia get through. I
worry about the way the FDA handles some of these issues. As a technical answer, I think we can see a signal
for DPP-4 inhibitors, and possibly GLP-1 receptor agonists. In terms of benefit and risk I think the final
conclusion was that currently, it shouldn't be interfere with prescribing decisions, and I think that's correct.

Dr. Gavin: This issue is one that I am really concerned about. I think if you listen to the report at the end of
the day, it indicated that there was insufficient evidence to suggest that there was a relationship between the
use of these agents and pancreatitis, let alone pancreatic cancer. Now, a friend of mine called me from Atlanta
today, and said that they had seen an article from this meeting. I thought that the pancreatitis issue was
getting in the newspaper, but it had nothing to do with that. It had to do with some issues about the smart
pump, which is fine. The fact of the matter is that we need to try to compensate for some of the damage that
has been done by the massive media campaigns that follow the presumption that there was truth and evidence
to back the pancreatitis and pancreatic cancer scare. You can't un-say things. You can say other things, or
additional things that can help mitigate the damage, and I'm surprised that we haven't had a media campaign
that rolls out the report at this meeting. I think we can't let that slide.

[applause]

Dr. Buse: We did a little study funded by the University of North Carolina that looked at the incidence of
pancreatic cancer in patients treated with DPP-4 inhibitors of Medicare age, which showed absolutely no
signal for pancreatic cancer. In fact, there was a 50% lower risk of pancreatic cancer with DPP-4 inhibitors
and sulfonylureas. We had that poster at the NIH meeting two weeks ago and we had that poster here as well.
There has been absolutely no media coverage of what I think is the only well-conducted study to address the
issue of pancreatic cancer. So it is a little surprising to me that if there is not some kind of suggestion that a
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drug is going to kill people, it just is not news. The biggest problem is that, once you generate one of these
hypotheses, people run with it as if it's fact. Disproving a negative is virtually impossible to do.

Dr. Edelman: One thing that surprises me is that we are always on the defense. I think guys like Peter Butler
are smart individuals but irresponsible. If you ask me, "Who is driving all of this cancer stuff with GLP-1's and
DPP-4's?" I would say, "Peter Butler." I think that people like Peter Butler should be vilified in a constructive
way, and we should be more on the offensive and not just defend these crazy claims. I think it hurts patients in
the long run. He didn't stick around long enough for the discussion at the NIH meeting. It's a joke. The
problem is that he is dangerous because he's smart, but he is deranged in many aspects. We all know what the
news media loves.

Dr. Henry: The ADA is going to take all the data from the majority of the pharmaceutical companies that have
agreed to give their safety data, so we're talking about hundreds of millions of data points with which we
should be able to determine, with a pretty good accuracy, whether there was a signal. I think if the bulk of the
data doesn't show a significant signal, it will put an end to this story.

Dr. Edelman: Right, but they also have to decide the risk-benefit ratio.

Dr. Home: Yes, but the other side to that is that we do have to support the studies, which actually show
benefit. There are big studies, which cost hundreds of millions to do, are extremely important.

Ms. Valentine: The patients need to understand why incretins are beneficial, that it's not just glucose, but that
there's a whole lot of things that these drugs are doing. It's important that people with type 2 diabetes are all
on incretin therapies and probably patients with type 1 as well.

Dr. Edelman: Look at the time and money that we have spent, and the pharmaceutical industry has spent,
proving cardiovascular safety of these drugs. Think of that, what is the origin of that? Is there any diabetes
drug that causes heart disease? This is an incredible waste of time and money. I want to demand that every
main cardiovascular drug needs to prove that they are safe and not affecting glucose.

[applause]

Dr. Buse: If we didn't have these cardiovascular outcome studies, we wouldn't have had good evidence that
glargine doesn't cause breast cancer and very soon I think we will have good evidence that the DPP-4
inhibitors and GLP-1 receptor agonists don't cause pancreatic cancer.

Dr. Edelman: Well, there's always a silver lining. I agree.

Dr. Gavin: Let's not forget that all of the evidence in the world may satisfy us, that we have eliminated any
concerns about a signal, but unless it becomes news, unless it is disseminated in a way that speaks in the same
way as the negative reports have to our patients, it's not going to have the resonance that we need in order to
render the benefit that it deserves.

Dr. Home: That's not the way it works, Jim.

Dr. Gavin: Then that's on us. We have to have advocacy that works!

Ms. Close: What do you think about the AMA decision to define obesity as a medical disease?

Dr. Gavin: You mean, other than "it's about time?"

Ms. Close: Well, and what implications are there for other professional organizations?

Dr. Buse: I don't think it will have that much impact, frankly.

Comment: If you think about where we were from the last ADA meeting until now, with the
new diabetes drugs that we have, we also have two weight loss drugs. When I was an intern in
internal medicine, Jim was a junior assistant professor and my attending. You might have
been one of the people who told me this. People said, "When you have someone who is
overweight and obese, and they have diabetes, it can't be type 1 diabetes. You just don't see
overweight people with type 1."
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Dr. Gavin: I'm sure I didn't tell you that [laughter].

Q: One of the ADA newsletters included our great research volunteers in the DCCT. I couldn't
help noticing that a number of them were overweight or obese. I just think that where we've
come in the last year in terms of obesity and therapeutics and the new tools we have to treat
that has just been revolutionary. I would like the panel to comment on whether we should
consider medical-assisted weight loss as integral to the treatment of type 2 diabetes on par
with drugs that increase insulin secretion or action.

Ms. Valentine: I would like to say that it is amazing to me that for quite a few years, they have been more than
happy to pay a surgeon $30,000, but we still have to struggle to get them to pay a paltry sum to a dietician. I
think designating obesity as a disease will help them pay for a program or agents that have shown to improve
obesity and I say we use everything. If it's counseling is needed, if the drugs are needed, if it's surgery, that's
great. Don't say, "We will only pay for this, but not that." Use everything.

Dr. Gavin: Commensurate with the AMA designation, at the same time AACE has suggested that it is
appropriate to include pharmacotherapy as part of the lifestyle management tier of intervention to treat
obesity, especially in people with diabetes. Now that we've started to see the emergence of agents that have the
efficacy that gets us into double digit levels of weight loss that previously we didn't see unless people had
surgery, then I think it serves as a wake up call that we're in a new era. We need to think of a new approach to
the treatment of obesity. It's just timely that now we have a disease that we can treat at a time when we have
agents that can treat that disease.

Dr. Buse: I would just like to add that I think the one thing that we're missing still with regards to the medical
therapy of obesity is long term follow-up of cohorts to indicate what the benefits are with regards to endpoints
that patients feel are important beyond weight.

Joseph Shivers (Close Concerns Senior Associate Alumnus): I look around at all of our
colleagues, and so many of us have aspiring careers in the healthcare profession. It is
obviously a very exciting time in diabetes, but it's also a very challenging time. For all of these
brilliant people, what would you say to them about the choice of spending their career in
diabetes?

Dr. Buse: So I would like to take the opportunity to answer that. I love my job. The challenges are really fun.
Working with patients to help them develop lifestyles that encompass management of a chronic disease is just
a delight. I know it's not such a delight for the people, but to partner with them is really special. I never liked
giving people an injection of drug for their STD and sending them off for later days. The relationships that you
develop with people with diabetes are incredible. The science is fabulous. With two thousand years of history
in diabetes, I think our understanding is relatively modest. There is a lot more to do.

Ms. Valentine: I just want to say that the role of the nurse practitioner is expanding and increasing as an
important piece of the medical. For those of you who may not want to spend as much time or money on a
career, you can still have a really phenomenal impact. The relationships that you have with people with
diabetes are my favorite part.

Dr. Henry: I just want to make sure that we also understand that the science that has brought us here is under
huge jeopardy. The amount of funding for research has dropped dramatically. The number of people going
into science is falling at a phenomenal rate. I would put up a warning that we need to wake up. All of these
discoveries are based upon solid basic science understanding and the translation of that information. Even
translation, taking it from the bench to the bedside, is falling away. You come here, and see the beautiful
things we saw at this meeting, and I just want to make sure that we don't lose sight of the fact that we're under
a lot of distress in the science industry.

Dr. Home: At the same time, don't get too depressed about it. Look back at what diabetes care was like twenty
or thirty years ago. The scene is just revolutionary and it is just completely different. That is not just in terms
of the technologies and things. The relationships between professionals and people with diabetes are
transformed as well, including the diagnostics and the teamwork. It is super what we have done. Yet, through
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the twenty to thirty years I certainly have had struggles and funding problems, yet somehow we do overcome.
Yes, I agree, but let's use our optimism to drive ourselves to improve, and you bet we will.

Dr. Buse: The opportunities for young people coming into the field are enormous. So many of us are old. It
may be that forty years from now, you'll stumble and fail to get your grant renewed, but the truth of the matter
is, you can see patients with diabetes, which is just a total joy. So just go for it.

-- By Melissa An, Adam Brown, Eric Chang, John Close, Poonam Daryani, Hannah Deming, Jessica Dong,
Samiul Haque, Stephanie Kahn, Benjamin Kozak, Adam Kraus, Tim Maher, Kira Maker, Hannah Martin,

Rajiv Narayan, Gabriella Puente, Nina Ran, Phaedra Randolph, Lisa Rotenstein, Joseph Shivers, Tony
Thaweethai, Jennifer Tsai, Manu Venkat, Katrina Verbrugge, Vincent Wu, and Kelly Close
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