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Executive Highlights

In this final report, we provide our coverage of the 72 Scientific Sessions of the American Diabetesnd

Association, held at the Pennsylvania Convention Center in Philadelphia, PA. The conference drew 17,890
attendees, representing a continued increase in attendance from the 17,600 total attendees in 2011 and
17,300 attendees in 2010. 59% of attendees were international this year, with a total of 111 countries
represented as well as all 50 states in the US - we expect the international attendance to continue to increase
at this premiere meeting of diabetes and obesity research. The five-day meeting consisted of eight tracks,
169 exhibits (a small increase from the 166 at last year's meeting), and 2,156 oral and poster sessions (down
1% from 2,177 in 2011 and 12% from 2,441 in 2010). As we understand it, the acceptance rate for abstracts
and late breakers this year was quite high, with 2,156 oral and poster sessions accepted from the 3,028
submitted, and a higher-than-usual 153 of 311 submitted late breakers accepted.

Our final report includes in-depth commentary on symposia, lectures, oral presentations, corporate
symposia, and a really valuable new addition this year - meet the expert sessions. You'll notice while
reading that insulin safety and novel insulins were major areas of focus during the meeting, while incretins,
CGM, and SGLT-2s also generated significant interest. As detailed in our comprehensive table of contents
below, the complete meeting notes are organized into 12 sections: (1) ADA themes - the big picture; (2)
Artificial pancreas, CGM, pumps, and SMBG; (3) Meet the Expert; (4) Incretins; (5) Oral therapies
(excluding incretins); (6) Novel drug development and basic science; (7) Insulin therapies; (8)
Cardiovascular disease and other complications; (9) Healthcare, management & education, and
epidemiology; (10) Obesity and obesity therapies; (11) Mobile health and telemedicine; (12) Type 1 therapies
- cure related; (13) ORIGIN; and (14) Exhibit hall report. Coverage of select posters, corporate symposia,
and investor events are included within each section. Directly below, we describe what we see as the major
themes from ADA 2012.

▪ ADA 2012 was full of insight on the next generation of CGM technology. Dr. David Price
(Dexcom, San Diego, CA) shared new accuracy data from Dexcom's pivotal study of the G4 sensor: a
mean absolute relative difference (MARD) of 13%, 80% of points in the CEG A-Zone, and 94% of
sensors lasting up to seven days (1-OR). As a reminder, the G4 was submitted to FDA at the end of
1Q12 and management hopes for approval before year-end (see Dexcom 1Q12 at
http://www.closeconcerns.com/knowledgebase/r/109d0417). In the same session, Dr. Steven
Russell (Massachusetts General Hospital, Boston, MA) unveiled data from the team's closed-loop
experiments comparing the Dexcom G4, the Medtronic Enlite, and the FreeStyle Navigator (as an
aside, it's great to see independent comparative accuracy data!). The G4 was the most accurate
(MARD of 11.3%), although we were also glad to see the improvements in the Enlite sensor relative
to the Sof-Sensor (MARD of 16.0-17.2% vs. 20.3% for the Sof-Sensor) (4-OR). New looks at next-
generation CGM technology also included 24-hour pilot study data from Echo Therapeutics'
transdermal CGM (MARD of 12.6%) (7-OR) and a poster summarizing the pivotal six-day trial of
Medtronic's Enlite CGM sensor (depending on the calibration scheme, a MARD of 13.6-14.7% and
CEG A-zone 81-86%) (30-LB). As a reminder, Enlite was recently submitted to FDA along with the
MiniMed 530G low glucose suspend pump; approval is expected in 1H13 (see our report at
http://bit.ly/LhilPw). [Editor's note: CGM accuracy data noted above may not be comparable due to
differences in study design, calibration schemes, etc.]

▪ We also noticed broader and more refined thinking about CGM - and a lot more use of
CGM in clinical trials. Behavioral factors came up much more often in presentations and Q&A,
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especially from perplexed questioners wondering why so many people quit CGM and how they might
be encouraged to stay on the technology. We appreciated this heightened focus on behavioral and
psychological factors and believe it will: (1) take the field to a higher level in terms of product
development; (2) help fine-tune patient selection criteria and education; and (3) help put (and keep)
more patients on the technology, and ultimately get to the point where CGM represents the new
standard of care. Also noteworthy were two excellent presentations on interpreting CGM downloads
from Drs. Bruce Bode (Emory University, Atlanta, GA) and Howard Wolpert (Joslin Diabetes
Center, Boston, MA) - we believe this is another area with significant potential to move the needle
on CGM adoption at both a micro level (e.g., improving individual patients' glycemic control through
better retrospective analysis) and a macro level (e.g., boosting the utility of CGM for HCPs). The
broader level of thinking about CGM also featured illuminating talks on CGM cost and coverage
issues (Dr. Michael O'Grady), glycemic variability (Drs. David Rodbard, Robert Vigersky, Han
DeVries, James Krinsley, and Thomas Danne), and how study design and analytic techniques affect
reported CGM accuracy (Dr. David Price). We also came away from this year's ADA with the sense
that CGM is becoming increasingly used in clinical trials for drugs. This extra data should offer a
plethora of additional insight over just A1c or SMBG profiles, especially to differentiate basal
insulins, GLP-1 receptor agonists, and ultra-rapid acting insulins. Just as when GLP-1 came into the
fold and suddenly everyone was asking about, with novel new drugs, "What was the change in
weight?", we feel like we are getting to the point where when novel drug results are presented, it is
increasingly being asked, "Did you use CGM?" or, "What happened with CGM?"

▪ Highlights on SMBG were mostly in the exhibit hall, with a major focus on better
software. The three meters "launched" at ADA - Sanofi's iBGStar, Abbott's FreeStyle InsuLinx, and
LifeScan's OneTouch Verio IQ - were all heavily marketed with easier data review and analysis in
mind (for our thoughts on the three meters, see Closer Look reports at http://bit.ly/Jikjhd and
http://bit.ly/I3imrO and diaTribe reviews at http://bit.ly/KwUcnl and http://bit.ly/NAXKd0).
SMBG software has been suboptimal for the longest time, so this next-generation of easier-to-
download meters, more actionable data reports, and on-meter statistics and pattern recognition is
very refreshing to see from a patient perspective. In their corporate-sponsored events, Sanofi,
Abbott, and LifeScan did a particularly good job attracting some of the field's notable speakers to
advocate for their products: Drs. Bruce Bode (Emory University, Atlanta, GA), Steve Edelman
(UCSD, San Diego, CA), Bill Polonsky (Behavioral Diabetes Institute, San Diego, CA), and Ralph
DeFronzo (University of Texas Health Science Center, San Antonio, TX). Bayer's exhibit hall booth
showcased the recently approved Contour Next EZ and Next Link, which were introduced at ADA in
anticipation of the big upcoming US launch in late summer or early fall. The strips have achieved a
very impressive level of accuracy: 99% of the time within 10% of lab standards (>75 mg/dl) and
100% within 10 mg/dl (<75 mg/dl). This is a major achievement in our view and was some of the
very biggest news at the exhibit hall overall at ADA Presentations on SMBG were primarily in a joint
ADA/EASD symposium, highlighted by a debate on the utility of SMBG for type 2s on oral agents
(more data needed, though structured testing is important) and a talk on accuracy standards (the
upcoming new ISO 15197 requirements are a move in the right direction [95% within 15 mg/dl
(<100 mg/dl) or 15% (>100 mg/dl)]).

▪ Valued information on insulin pumps came from the exhibit hall, headlined by the
launch of Tandem's t:slim. Tandem held a well-attended product theater to introduce its new
touchscreen pump, which included presentations from CEO Kim Blickenstaff, expert educator Ms.
Jen Block (Stanford University, Stanford, CA), and Dr. Timothy Bailey (Advanced Metabolic Care
and Research, Escondido, CA). The company began taking orders on June 11 and will begin shipping
the t:slim in August (we learned at ADA that the new pump will also ship with the LifeScan
OneTouch Verio IQ blood glucose meter). Although Insulet did not secure FDA approval for the
second-generation OmniPod in time for ADA, the new pod was on display in the exhibit hall
accompanied by ample marketing materials and signage. As of Insulet's 1Q12 results call in early
May (see our report at http://bit.ly/LzsfAa), approval for the next-gen pod is expected in the coming
months. The center of Medtronic's exhibit hall booth was devoted to the mySentry remote monitor
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(see our report on the approval at http://bit.ly/IcSVjC), the only product of its kind right now in the
pump/CGM arena. Despite its $3,000 price tag, this device is starting to gain support from patients
(~1,000 users right now) and even some small payer support. In the expansive J&J LifeScan/
Animas booth, the Animas Vibe was on display, though reps were quick to note that the device has
not yet been submitted for FDA review (as of Dexcom's 1Q12 call, this is on hold for the moment).
Roche had a kiosk devoted to its Accu-Chek insulin delivery products, while Cellnovo told us it hopes
to launch in the US in 2013. Finally, Valeritas' V-Go (recently launched in April) was also on display
in the exhibit hall, giving us an up-close look at the company's disposable insulin delivery device for
people with type 2 diabetes.

▪ Artificial pancreas (AP) highlights included more focus on portability for outpatient
studies, new products from Medtronic and Animas, and bi-hormonal control. With
prototype in hand, Dr. Edward Damiano (Massachusetts General Hospital, Boston, MA)
demonstrated the iPhone-based, bi-hormonal (two Tandem t:slim pumps for insulin and glucagon)
artificial pancreas system that will hopefully be used in an upcoming five-day, semi-outpatient
closed-loop study (222-OR). Portability for outpatient studies was also frequently mentioned at a
closed-loop research meeting sponsored by the JDRF and NIDDK. The greatest minds in the field
presented updates on their research, capped off by a "science fair" to show off the increasingly
portable and patient-friendly systems being developed. There's no question in our minds that the
hardware aspect of AP research has really moved by leaps and bounds in the past couple years. On
the more near-term front, we were very interested in two orals from Dr. Satish Garg (University of
Colorado Denver, Aurora, CO) on the in-patient ASPIRE study of Medtronic's low glucose suspend
(LGS) pump/CGM system (22o- and 221-OR). (As noted above, the combination of the Enlite and
MiniMed 530G pump was recently submitted to FDA; see our report at http://bit.ly/LhilPw). Most
notable was the finding that "hypoglycemia begets hypoglycemia," reminding us of the urgent need
to help patients break the cycle of hypoglycemia unawareness and the potential afforded by LGS and
predictive-suspend systems. The fact that Medtronic was able to submit LGS faster than expected is
likely a very good sign for other pump manufacturers working on the closed loop - Animas in
particular. Speaking of the latter, we finally saw data on Animas' Hypoglycemia-Hyperglycemia
Minimizer System - despite two high-carb meals and deliberate under- and over-bolusing, the
system kept patients in zone (70-180 mg/dl) nearly 70% of the time, with only 0.2% of the time
spent in hypoglycemia (917-P) - a very big deal. We look forward to seeing more data, especially
when the device becomes more portable and is tested even more extensively. Other notable
presentations focused on factors that affect closed-loop control ("controller effort" was the biggest
one) and a record four AP presentations that discussed use of both insulin and glucagon. Glucagon
in particular is getting a lot more attention than it used to … promising news for patients who have
been working with decades-old technology but for whom new and much better "glucagon rescue"
pens are in the works.

▪ What is the biggest obstacle to the artificial pancreas? While the usual answer we hear at
conferences is "the speed of insulin" or "CGM accuracy," we were intrigued to hear Dr. William
Tamborlane (Yale University, New Haven, CT) propose that safety actually represents the biggest
obstacle (i.e., ensuring that a system's malfunctions will not result in harmful over-delivery of
insulin). We believe safety is FDA's biggest worry as well (e.g., the delay in the Veo…), and we hope
as CGM accuracy improves and algorithms get smarter, this will be less of a concern. We believe
FDA may move to actually asking patients to take on more risk, in order to move things faster - it
will be interesting to watch this.

▪ We were encouraged to see FDA representatives more involved in device Q&A
sessions than we've ever seen in the past. Not only were they actively asking questions and
engaging with speakers, but they were publicly identifying themselves at the microphones! This is
another sign to us that things may be picking up steam and moving along now, especially as JDRF
and industry put more pressure on the Agency to define study requirements and expectations.
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▪ Incretins were again a topic of significant enthusiasm and interest at this year's ADA
meeting. While there wasn't much groundbreaking new data presented for GLP-1 agonists (topline
results were previously reported for a number of the trials), there was a predominant focus on
distinguishing the class from other anti-diabetic agents. In particular, several oral presentations
highlighted the efficacy and safety of adding GLP-1 agonists (GlaxoSmithKline's albiglutide and
Sanofi's lixisenatide) to basal insulin therapy (55-OR, 62-OR, 983-P). Four-year results from
DURATION-1 for Amylin/Alkermes' Bydureon (1156-P) and three-year results from EUREXA
highlighted the durable effects of GLP-1 agonists on glycemic control and weight - this data is
serving to make GLP-1 an even more established part of clinical care, rather than a "new" option, as
it has been since its introduction in 2006. A pooled analysis of liraglutide's (Novo Nordisk's Victoza)
LEAD development program found a significantly greater proportion of patients achieved a
composite endpoint of A1c < 7.0%, no weight gain, and no hypoglycemia with 1.8 mg liraglutide
(34%) and 1.2 mg liraglutide (30%) than with exenatide (Amylin's Byetta, 24%), sitagliptin (Merck's
Januvia, 14%), sulfonylureas (9%), TZDs (3%), and insulin glargine (Sanofi's Lantus, 9%) (1041-P).
Several speakers, including Dr. Steven Marso (University of Missouri Kansas City, Kansas City, MO)
and Dr. Ralph DeFronzo (University of Texas Health Science Center, San Antonio, TX), discussed
the potential cardiovascular benefits of GLP-1 agonists and their potential utility as prediabetes
treatments. We had been expecting to see Dr. DeFronzo's trial using GLP-1, metformin, and TZDs
that formed the basis of his Banting Lecture in 2008 - we found out that this was not accepted as a
late breaker (presumably due to timing) and that it will be shown at EASD - good news for the EASD
organizers, as many others will be looking forward to hearing this data. With three GLP-1 agonists
currently marketed and several candidates in late-stage development, emphasis was also placed on
comparing and contrasting the different drugs within the class. Dr. Filip Knop (Gentofte Hospital,
Hellerup, Denmark) addressed the incretin competition topic head-on, emphasizing efficacy and
tolerability differences based on duration of action, size, and structure - this was not new, but
synthesized nicely. Additionally, further results from the HARMONY-7 trial comparing albiglutide
to liraglutide were presented, which favored liraglutide in terms of glycemic efficacy and weight, but
albiglutide in terms of GI tolerability. Finally, we were excited to get our first look at the PK/PD
profiles of the exenatide once weekly suspension formulation, which appeared to closely resemble
the PK/PD profiles of Bydureon. During its investor event at ADA, Amylin announced that the first
phase 3 trial (named DURATION-NEO-1 - great name) for this new formulation was expected to
initiate in 3Q12 (previously mid-2012), and that the trial would be similarly designed as
DURATION-5 (head-to-head vs. Byetta).

▪ In contrast to GLP-1 agonists, we felt that there was less new interesting data
presented for DPP-4 inhibitors at ADA 2012. Overall, there appeared to be widespread
agreement among KOLs that little differentiated the DPP-4 inhibitors on the market today. While
there have been product advances in GLP-1 (twice daily to once daily to once weekly), there haven't
been as many changes with DPP-4 inhibitors, although there's an additional combination available
this year, Merck's Juvisync, which combines DPP-4 inhibitor Januvia and with statin simvastatin. In
discussing the class's commercial success (the class sold over $5 billion in 2011, up from $42 million
in 2005), speakers emphasized the class's strong safety and tolerability profile, and several
highlighted the potential use of DPP-4 inhibitors as prediabetes agents. Clearly, the next frontier for
the DPP-4 inhibitor class will be once weekly dosing -it will be interesting to see how well this does
since once-weekly dosing implies monotherapy as there are no combinations that offer once-weekly
dosing. There was no new data presented for the once weekly DPP-4 inhibitors under development
by Takeda (SYR-472; phase 3 in Japan) or Merck (MK-3102; phase 3 to initiate in 2012). With
regards to new data that were presented, we were most eager to see data demonstrating the efficacy
and safety of combination therapy with BMS/AZ's dapagliflozin and Merck's sitagliptin (Januvia;
1071-P). Still, we believe Lexicon's dual SGLT-1/SGLT-2 inhibitor LX4211 holds greater potential for
combination use with DPP-4 inhibitors given the effects of LX411 on GLP-1 secretion (Lexicon
recently released phase 2b data on Lx4211 - please see our Closer Look from June 25, 2012 that
showed a 0.95% A1c reduction from an ~8% baseline A1c). We were also excited to see continued
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efforts in examining the effects of incretin therapies in the setting of type 1 diabetes. In particular,
Dr. Bo Ahren (Lund University, Malmo, Sweden) reported results from a small (n=28) four-week
study that showed a reduced glucagon response following a meal with vildagliptin treatment
(Novartis' Galvus), but no significant reduction in the glucagon response during hypoglycemia -
potentially quite exciting. Finally, back on the GLP-1 front, Dr. Gayatri Sarkar (DEOB, NIDDK, NIH,
Bethesda, MD) highlighted intriguing results from another small study (n=14) that found lower daily
insulin requirements and enhanced insulin sensitivity with exenatide plus basal insulin therapy
compared to insulin monotherapy in people with long standing type 1 diabetes. We wonder how
complicated dosing would be - we have heard some serious enthusiasm to date from type 1 patients
on GLP-1 agonists off label.

▪ A significant highlight of ADA 2012 was hearing the highly-anticipated phase 3 data
for J&J's canagliflozin, which the company recently submitted to the FDA (for details,
please see our May 31 , 2012 Closer Look at bit.ly/K36WBi ).st Of note was 26-week data
(81-OR) showing significantly greater A1c reductions with canagliflozin 100 mg (-0.77%) and 300
mg (-1.03%) compared to placebo (+0.14%), as well as significant improvements in fasting plasma
glucose, two-hour postprandial glucose, body weight, systolic blood pressure, and HDL. There were
also three posters of particular interest on canagliflozin. 41-LB demonstrated the glycemic efficacy
and tolerability of using canagliflozin in patients with moderate renal impairment. 38-LB found
non-inferior glycemic control with canagliflozin vs glimepiride, but with greater improvements in
weight and lower rates of hypoglycemia. 50-LB highlighted superior A1c reductions with
canagliflozin over sitagliptin (Merck's Januvia) with similar rates of hypoglycemia and urinary tract
infections - although risk for genital mycotic infections was higher with canagliflozin. Overall, the
canagliflozin data looked good, with the highest dose showing A1c reductions slightly higher than
expected, at about 1.2%, from a ~8.5% baseline. Unsurprisingly, canagliflozin treatment led to
higher rates of genital infections and urinary tract infections (UTI) than other classes of agents.
However, unlike with BMS/AZ's dapagliflozin, the drug did not appear to increase the risk of breast
or bladder cancer, at least based on the data presented thus far - there were big sighs of relief not
only from J&J, but from others happy to hear that this was looking less and less like a potential class
issue. In reviewing the potential therapeutic use of SLGT-2 inhibitors, Dr. Robert Henry (University
of California San Diego, San Diego, CA) noted that patients who developed UTIs while treated with
an SGLT-2 inhibitor likely already had an underlying infection that was exacerbated by the therapy.
Overall, the KOL chatter seems to be that UTIs and genital infections won't be a deal-breaker for
patients. We're interested in learning more about "lifetime" risk of UTIs and genital infections if a
patient is on an SGLT inhibitor - if they don't get a UTI after one year, what is the risk the following
year? These are still unanswered questions, given that trials do not have patients on the therapy for
much longer than a couple of years. We also noticed continued interest in targeting SGLT-1, with Dr.
Henry presenting data on canagliflozin's transient inhibition of intestinal SLGT-1 (79-OR) and Dr.
Ralph DeFronzo's (University of Texas Health Science Center, San Antonio, TX) discussion on the
potential drawbacks and even greater merits of SGLT-1 inhibitors. Notably, after the ADA
conference, Lexicon announced positive phase 2b data for its SGLT-1/SGLT-2 dual inhibitor,
LX4211 (for details, see our June 25, 2012 Closer Look ) - we expect to see some big interest in this
little company throughout 2012, and a major partnership to be announced perhaps early next year.

▪ There were less notable data presented on BMS/AZ's dapagliflozin compared to
previous years. Two oral sessions examined the drug's effect on renal glucose kinetics (83-OR)
and efficacy across different baseline A1cs (82-OR). There were also five noteworthy posters on
dapagliflozin, including data demonstrating dapagliflozin's effectiveness when added onto insulin
therapy over 104 weeks (1042-P) as well as to sitagliptin (1071-P). A separate poster highlighted the
safety and efficacy of using dapagliflozin in patients with a history of cardiovascular (CV) disease
(1114-P). Finally, two safety-focused posters with pooled data from 12 or more studies demonstrated
that dapagliflozin was not associated with impaired renal function (1098-P), was not associated with
increased risk for CV or liver damage, and confirmed that the drug did lead to greater incidences of
genital infections, UTI, and breast and bladder cancer (1011-P). We wonder if BMS and AZ
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performed these meta-analyses to address the FDA's concerns; if so, data from 1011-P on liver
function may work towards mitigating the FDA's unease about the drug's potential hepatotoxicity.
We will be keeping an eye out for new results at subsequent conferences, since the FDA requested in
their complete response letter "additional clinical data", presumably from studies on-going at the
time - whether they are asking for new data is the key question.

▪ Information on other SGLT-2 inhibitors was sparse, with one oral session on Chugai
Pharmaceutical's tofogliflozin (80-OR) and one poster on 90-week data for BI/Lilly's
empagliflozin as a monotherapy or add-on to metformin (49-LB). We hope to see more
trials of SGLT-2 inhibitors as adjuncts to other therapies, as a critical question is how this drug class
could be combined with other diabetes medications, in particular TZDs and DPP-4 inhibitors
(though this dual-therapy would be expensive). Make-it-or-break-it events for SGLT-2 inhibitors
will be the FDA's reevaluation of dapagliflozin once it is resubmitted and evaluation canagliflozin,
which will hopefully clarify the agency's position regarding safety risks and their preferred amount
of clinical data. Looking toward EASD, we expect that greater regulatory movement, including a
possible approval by the EMA for dapagliflozin, will provide more informed opinion on the
benefit:risk profiles of SLGT-2 inhibitors.

▪ While incretins, insulins, and SGLT-2 inhibitors were the highlights of ADA, there
were several notable talks on additional diabetes medications. Of interest was the debate
on the future survival of PPARγ agonists (TZDs) with Dr. Steven Nissen (Cleveland Clinic,
Cleveland, OH) arguing "Yes" and Dr. George Grunberger (Grunberger Diabetes Institute,
Bloomfields Hills, MI) claiming "No." Barring any serious safety concerns, we wonder if small
changes in the perception of TZD safety will influence prescribing patterns - payors may heavily
push for TZD therapy following metformin due to the low cost of the drug starting now (pioglitazone
goes generic in August). Further contributing to our understanding of TZD safety was a poster with
data from a six-year follow-up of the PROactive trial showing that pioglitazone did not increase the
risk of bladder cancer or other malignancies (928-P). Given the emergence of GLP-1 agonists and
DPP-4 inhibitors with more favorable effects on weight and hypoglycemia, we'll be interested in
seeing whether TZD continue as a staple of diabetes therapy, and why - to date, of course, the fact
that TZDs address insulin resistance has been the primary advantage. As we discuss elsewhere in
this report, Metabolic Solutions Development Company (MSDC) reported promising 12-week phase
2b data for its lead PPAR-sparing insulin sensitizer MSDC-0160 (966-P) - this was great to see on
the PPAR front, an equally effective but perhaps safer and more tolerable therapy.

▪ Beyond SGLT-2 inhibitors, there were relatively few abstracts on clinically-staged
novel therapies for the treatment of type 2 diabetes. Still, we were excited to hear new data
presented for several candidates in development. In particular, 48-week results were reported from
Stage 2 of the TINSAL-T2D study, which evaluated the efficacy and safety of the non-steroidal anti-
inflammatory drug (NSAID) salsalate. Although some anti-inflammatory effects were conferred, 48
weeks of treatment resulted in only a modest reduction in A1c (0.24% beyond placebo), a trend
toward increased SBP, significantly increased total cholesterol and LDL, significantly increased
urinary albumin, an increased risk for mild hypoglycemia, and a modest increase in weight (~2 lbs) -
overall, we don't believe this bodes well for the therapy, especially given the weight gain. Separately,
Metabolic Solutions Development Company (MSDC) reported promising 12-week phase 2b data for
its lead PPAR-sparing insulin sensitizer MSDC-0160 (966-P). Overall, the data demonstrated
similar improvements in A1c and FPG with MSDC-0160 as with high-dose pioglitazone, but with
less hemodilution and less weight gain. MSDC also revealed for the first time the mitochondrial
target of its insulin sensitizers - a mitochondrial pyruvate carrier system that contains the proteins
MPC1 and MPC2 (1096-P). Additionally, Eli Lilly highlighted additional clinical results for its
glucagon receptor agonist LY2409021 (981-P). In a 12-week phase 2 study (n=87), treatment with
LY2409021 led to robust reductions in A1c with a low risk for hypoglycemia and no changes in
average weight, blood pressure, lipid levels, or triglyceride levels. However, similar to what was
reported in a trial for LY2409021 at ADA 2011, dose-dependent increases in hepatic transaminases
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(elevations in these enzymes may be an indicator of liver damage) were observed. While
transaminase levels returned to baseline after four weeks of washout and no indications of liver
injury were detected, we wonder how clinically relevant this side effect will become during longer
periods of treatment. Similar increases in hepatic transaminases were also observed with Merck's
former glucagon receptor agonist MK-0893 (also reported at ADA 2011), suggesting that the effect
may be class related. Separately, we heard intriguing phase 1/2 results for a cord-blood derived
multi-potent stem cell therapy (the Stem Cell Educator), which provided significant reductions in
A1c, improvements in insulin resistance, and improvements in beta cell function four weeks
following a single treatment (287-OR). Finally, additional data was presented from a multiple
ascending dose study for Advinus' liver selective glucokinase activator GKM-001, which showed
dose-dependent and significant reductions in FPG and PPG with no hypoglycemia or changes in
liver transaminases or triglycerides.

▪ While basic science is not a major focus of ours at ADA, there were a few
presentations of particular interest at this year's meeting. One of our favorite
presentations over the course of the conference was the Banting Lecture delivered by Dr. Bruce
Spiegelman (Harvard Medical School, Boston, MA). Dr. Spiegelman gave a captivating lecture on the
work conducted by his lab to elucidate the biology of brown fat regulation (including the discovery of
irisin) and to develop brown-fat based therapeutics for the treatment of metabolic disease. Clearly
passionate and tirelessly driven, we found listening to Dr. Spiegelman highly inspirational, and the
lecture served as yet another reminder of how fortunate we are for the brilliant researchers and
clinicians throughout the world working to advance diabetes and obesity care. We also enjoyed
listening to the Outstanding Scientific Achievement Award Lecture given by Dr. David Altshuler
(Broad Institute, Boston, MA). In front of a packed audience, Dr. Altshuler detailed his work using
genome-wide association studies (GWAS) to identify novel genetic variants commonly associated
with type 2 diabetes. Of greatest note, he asserted that attempting to use these genetic variants for
prediction and prevention could be futile given the complex genetic basis for type 2 diabetes.
Instead, he advocated for identifying loss-of-function mutations that confer protection against
diseases to identify new drug targets, given that drugs more commonly inhibit rather than activate.
Other basic science topics we found interesting included the roles of mitochondrial dysfunction,
epigenetics, and inflammation in insulin resistance, the effects of insulin in the brain, and the
molecular mechanisms underlying the beneficial effects of exercise.

▪ Some of the most exciting new data at this year's ADA was on insulin analogs,
including phase 2 results on Lilly's proprietary basal analog, PEGylated lispro
(LY2605541) and Halozyme's PH20-supplemented rapid-acting insulin products. This
was great to see in our view since we believe there is much more improvement needed in prandial
insulins than in basal insulins, though both obviously need improvement. Compared to insulin
glargine (Sanofi's Lantus), LY2605541 conferred lower nocturnal hypoglycemia and intra-day
glycemic variability in type 2 diabetes (347-OR) and better reduction in A1c, daily mean blood
glucose, and nocturnal hypoglycemia (though with higher overall hypoglycemia) in type 1 diabetes
(1026-P). Intriguingly, patients taking LY2605541 experienced weight loss (in contrast to glargine's
weight gain) as well as relatively higher levels of the liver enzymes ALT and AST - support for the
hypothesis that PEGylated lispro has more liver-specific action than other analogs, also suggested by
preclinical studies. That's really interesting. Halozyme showed some very strong results from studies
pitting injections of its PH20/insulin analog coformulations against insulin lispro (Lilly's Humalog)
- notably, PH20-analog gave better reductions in postprandial glycemic control in both type 1
(353-OR) and type 2 diabetes (882-P). Additionally, Halozyme gave encouraging results from phase
4 research on injection of standalone PH20 (Hylenex) at the time of insulin pump infusion site, as
well, though only interim results were available (34-LB). As for the next-gen basal analog closest to
market, presentations on insulin degludec (Novo Nordisk's Tresiba) indicated that a flexible dosage
schedule can provide effective glycemic control in type 1 diabetes (348-OR) and that U-200 degludec
has a similar action profile to the U-100 version (349-OR). We are excited to see what the
combination of degludec combined with new prandial insulins show - we were very keen earlier to
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hear that Novo Nordisk will soon choose a new "ultra-ultra" rapid acting analog for phase 3 and
although there wasn't new information at this meeting, the thought of the combination of this new
prandial insulin with degludec (or in a pump!) is pretty exciting. Also new to this year's ADA were
results of the EASIE study, in which glargine outperformed sitagliptin (Merck's Januvia) with regard
to 24-week A1c decline (presented during the joint ADA/The Lancet symposium) - in our view, these
results were incredibly unsurprising (no one would expect Januvia to beat Lantus since it is a
therapy designed for use much earlier in disease progression) and we were slightly surprised this
trial was selected for this high-profile symposium, though we note the Q&A was very meaty. We do
look very forward to results from the extension study of EASIE, in which a subgroup of patients used
a triple-therapy of sitagliptin, glargine, and metformin.

▪ ADA 2012 featured a large number of talks on complications, ranging from
hypoglycemia to cardiovascular disease and retinopathy to sleep disorders. There were
several presentations focused on how to better predict complications - some of the methods
presented included hypoglycemia, hyperinsulinemia, type of therapy, advanced glycation end
products, genetics, oxidative stress, and inflammation. These epidemiological studies should prove
valuable in generating hypotheses. ADA brought relatively little discussion of new complications
therapies in the pipeline, though Reata's bardoxolone methyl (currently enrolling in phase 3;
clinicaltrials.gov identifier: NCT01351675) was a notable exception - clearly there is great excitement
about this therapy in development. Other talks focused on the risk of complications using sub-
analyses from large trials such as ACCORD (hypoglycemia), DCCT/EDIC (inflammation and
advanced glycation end products), and BARI-2D (use of insulin-providing or insulin-sensitizing
therapies). We also noticed a particular focus on the negative implications of hypoglycemia and
severe hypoglycemia on both a short-term (alterations in QTc interval, rises in inflammatory
cytokines and markers of endothelial dysfunction, clot resistance to lysis, diminished vagal tone, and
cardiac arrhythmias) and long-term (potentially cardiovascular disease and mortality) basis. With
this in mind, we're glad to see the emergence and expansion (and, indeed, establishment) of
therapies for type 2 diabetes that don't cause hypoglycemia (e.g., DPP-4s, GLP-1s, SGLT-2s). Of
course, this is still a major challenge for type 1s, though we believe CGM has already helped many in
this respect, and a bihormonal (insulin-glucagon) artificial pancreas might do so in the future.

▪ The growing diabetes epidemic, barriers to addressing it, and ways to optimize
diabetes care were widely discussed at this year's ADA. Both the President, Health Care &
Education Address (delivered by Ms. Geralyn Spollett [Yale School of Medicine, New Haven CT]),
and the President, Medicine & Science Address (delivered by Dr. Vivian Fonseca [Tulane University
School of Medicine, New Orleans, LA]) included natural disaster metaphors (a tsunami and a
hurricane, respectively) that were meant to convey how the diabetes epidemic may overwhelm the
healthcare system, end millions of lives early, decrease quality of life, and have a large negative
impact on GDP if not appropriately addressed. Ms. Spollett and Dr. Lynne Levitsky (Massachusetts
General Hospital, Boston, MA) both highlighted, in passionate speeches, the need to increase the
diabetes workforce in order to meet the rising demand for care. Dr. Levitsky also discussed the
economic pressure diabetes care providers are under, arguing (very convincingly) that the current
fee-for-service system under-reimburses diabetes practices. After presenting arguably suboptimal
data on achievement of ADA A1c goals from the T1D Exchange, Dr. Joseph Wolfsdorf (Children's
Hospital of Boston, Boston, MA) argued that we need improved treatment methods that are
acceptable, affordable, and generalizable across the socioeconomic spectrum in order to improve
outcomes - again, hard to argue with this, but we feel we're increasingly unlikely to see movement on
this front.

▪ Talk about diabetes care was not all somber at ADA, with many speakers presenting
innovative ideas. Dr. Silvio Inzucchi (Yale University, New Haven, CT) discussed the new ADA/
EASD position statement, which emphasizes an individualized approach to type 2 diabetes
treatment - we look forward to seeing how this important perspective, developed by many of the
world's leading thinkers on diabetes, will be taught to primary care. Ms. Wanda Montalvo (Montalvo
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Consulting, New York, NY) and Ms. Judith Fradkin (National Institute of Diabetes and Digestive
and Kidney Diseases, Bethesda, MD) discussed the goals and new initiatives of the National
Diabetes Education Program, which provides diverse educational and support materials for patients
and healthcare providers. We think these tools could have a big impact on outcomes and care
delivery if used to their full potential, but wonder how recognized they are in the diabetes
community. Ms. Montalvo also touched upon use of self-management tools, noting that "much of
primary care happens at home. The patient is a core member of the primary care team." We don't
know that the average patient feels this way and would love to see more ideas on patient motivation
and incentives. Ms. Spollett meanwhile outlined three steps for dealing with the diabetes tsunami:
(1) increase awareness; (2) begin preparation in terms of workforce training and research; and (3)
educate the general public. We were heartened to see such broad discussion of shortcomings and
opportunities in diabetes care at this year's ADA, and were especially glad to see the issues of
diabetes reimbursement and workforce availability brought to the forefront. These issues are going
to strongly shape quality and availability of diabetes care in the coming years, and so we hope this
year's presentations sparked interest or discussion that could eventually translate into a policy
impact - although we continue to worry that it is increasingly challenging to change policy.

▪ Compared to previous years, the 2012 Scientific Sessions had little focus on the role of
pharmacotherapy in the management of obesity. Similar to last year, there were no oral
sessions on obesity drugs. There were, however, three posters on Vivus' Qnexa (phentermine/
topiramate), two of which provided new data from SEQUEL on the drug's effects in people with
prediabetes and type 2 diabetes (1985-P and 2022-P). Notably, Qnexa provided a 7% placebo-
adjusted weight loss (lower than the 8.7% weight loss found in the entire study cohort), reduced the
need for anti-diabetic medications, and reduced the progression from prediabetes to diabetes. There
have been large regulatory strides in the obesity arena within the past year, with both Qnexa and
Arena's Lorqess (lorcaserin) receiving overwhelmingly positive (20-2 and 18-4-1 [abstained]
respectively) votes during their advisory committee hearings. A turning point for obesity drugs will
likely be the FDA's upcoming decision on Qnexa (expected on July 17, 2012), which will provide
insight into the agency's evaluation of benefit and risk and what type of data will likely be requested
during the development of future obesity medications. We look forward to hearing about the designs
of the cardiovascular outcome trials that the FDA will likely require should it approve Qnexa and
Lorqess.

▪ There were several notably talks regarding the prediction, management, and effects of
weight loss. Ms. Nonas reviewed the five critical questions outlined in the National Heart, Lung,
and Blood Institute's 2012 obesity guidelines. In describing how weight loss effects cardiovascular
(CV) risk, Dr. Robert Eckel (University of Colorado, Aurora, CO) noted that losing less than the
previously-established threshold of 10% body mass can still result in positive, permanent changes in
lipoprotein levels. This speaks positively for drug such as lorcaserin that barely meet the FDA's
efficacy requirements. Although we think the average impact of the drugs are important, since there
are so many people that could benefit from therapy, we also keep in mind that there are always
"super-responders" to every therapy and this is likely a high absolute number of people with regard
to obesity. In terms of bariatric surgery, Dr. Mary-Elizabeth Patti (Joslin Diabetes Center, Boston,
MA) discussed ways to predict and manage post-operative hypoglycemia while the highly-regarded
(and longtime bariatric surgery expert) Dr. David Cummings (University of Washington School of
Medicine, Seattle, WA) argued that gastric bypass surgery improves type 2 diabetes through
mechanisms independent of weight loss. Furthermore, there is continued interest in the role of
genetic testing in managing obesity, with Dr. Richard Grant (Kaiser Permante Northern California,
Oakland, CA) asking whether genetic testing can motivate people to lose weight and Dr. Paul Franks
(Lund University, Malö, Sweden) considering how a person's genetic profile can predict his/her
response to treatment. While the use of genetic information to individualize therapy is relatively
recent, it may be a useful tool to predict whether a patient will not respond to a treatment, allowing
him/her to bypass the associated risks and move more quickly to alternative medications.
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▪ Mobile health and telemedicine are subjects we typically hear more about in
exhibition halls than conference rooms, and this ADA was no exception. While we had
hoped to see more research that was discussed at the podium and at plenary sessions, this was not to
be that ADA. Overall, the biggest talking point was Sanofi's iBGStar, the iPhone and iPod touch
compatible blood glucose monitor that was launched in early May (see our ADA 2012 Devices
category document for our coverage of the iBGStar product theater and our Exhibit Hall report for
more on Sanofi's booth). We see this meter as an exciting departure because it makes such strides on
the software front in particular and gives more data to patients much more easily, such as the ability,
on an iPhone screen, to see overall and before and after meal averages and standard deviations in
one button push! While clearly not every patient will have access to such a sophisticated meter,
Sanofi was very upfront about not trying to be all things to all patients - certainly the lines at its
booth suggested strong interest in the changes it is making possible.

▪ Disappointingly, in symposia and oral sessions, clinical trials and pilot projects
evaluating the use of mobile health and telemedicine for diabetes showed inconclusive
results. We were interested to see a unique Skype-based behavioral therapy intervention for people
with diabetes (345-OR), though it fared no better than face-to-face contact on glycemic, self-
management, and adherence outcomes. More encouraging was a study examining a telephone-based
DPP-style weight loss intervention (341-OR) - at one year, participants lost nearly 5% of their body
weight and between 5.1 and 6.0 cm from their waist circumference (no control group was used).
Another interesting trial compared home telemonitoring by nurses to conventional nurse case
management (312-OR). The study found that telemonitoring was no better than standard care, and
in fact, required more nursing time. WellDoc also had an announcement at ADA that suggested
when HCPs were in more frequent touch with patients though texting, they prescribed more
medication changes (in our view, a proxy for optimizing therapy) compared to those who used
regular care alone. Although not statistically significant, we believe this was probably clinically
relevant, especially given that over time, it probably could be a doctor directing more allied
healthcare professionals. These mobile health results at ADA broadly signal two overall challenges
that we see in mobile health and telemedicine: (1) the need for well-designed studies that
demonstrate a clinical benefit to which payers will respond; and (2) the critical need for
interventions to reduce costs and/or HCP time. We have been thinking and hearing for some time
that healthcare delivery must change, due to the very high costs that are simply unsustainable, to say
nothing of unsettling patient outcomes; we hope to see more change on this front come faster.

▪ There were a few interesting data nuggets and updates on type 1 therapies presented
at this year's ADA, but not too much movement overall. Most notably, Dr. Tihamer Orban
(Joslin Diabetes Center, Boston, MA) presented three-year results from a phase 2 study with
abatacept in subjects newly diagnosed with type 1 diabetes (150-LB). Following treatment for two
years with either abatacept or placebo and observation for an additional year, subjects treated with
abatacept had significantly higher mean AUC C-peptide levels than those treated with placebo. We'll
look forward to learning more about abatacept's (BMS' Orencia, currently used for rheumatoid
arthiris) potential in phase 3 testing, particularly as there was no difference in insulin dose between
the study's two groups at 36 months, despite C-peptide differences. Results from the DELAY Trial
meanwhile excitingly suggested that the effect of teplizumab on C-peptide loss in type 1 diabetes is
not limited to the new-onset period (85-OR). We wonder about the impact on Macrogenics from
these results. Studies with IL-1 targeted therapies were not as successful. In phase 2 studies, the IL-1
receptor antagonist anakinra did not preserve C-peptide secretion in adults with recent onset type 1
diabetes, while the anti-IL-1 monoclonal antibody canakinumab did not have an effect in newly
diagnosed subjects ages 6-45. As at last year's ADA, presenters voiced interest in exploration of
combination therapies for treatment of type 1 diabetes - we know there are quite a few hurdles
(ranging from preclinical to regulatory) to overcome before such testing commences, but we'll be
eagerly waiting for word on what surely seems to be the next step for type 1 immune therapies. On
the islet transplantation front, we found presentations on the CIT-07 islet transplantation protocol
(156-OR), benefits of using liraglutide in transplantation (158-OR) and 11-year islet transplantation
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trends quite interesting - overall, this year's ADA emphasized that islet transplantation field is
certainly not speeding along, we are getting slowly getting smarter on what therapies and
procedures might be helpful for improving engraftment, insulin independence, and outcomes.

▪ By far, the results from the ORIGIN trial were the most highly anticipated data at this
year's meeting. While the results were largely viewed as neutral, unsurprising, and unlikely to
change clinical care, they did teach us a great deal about insulin. As a reminder, ORIGIN was
designed to investigate the effects of insulin glargine therapy vs standard care and omega-3 fatty
acids vs placebo on cardiovascular (CV) outcomes in people at high risk for CV events with either
impaired fasting glucose, impaired glucose tolerance, or early type 2 diabetes. The trial
demonstrated that insulin glargine confers no benefit or increased risk with regards to
macrovascular and microvascular outcomes vs standard care over a median 6.2 years. Apart from
the relatively short follow up period, these neutral findings were also unsurprising given that A1c
levels were similar between groups and maintained at ≤6.5% throughout the trial. We think follow
up, given such good control, would likely have to be far longer. We hope to learn more about
differences in macrovascular and microvascular risk in the follow up study, ORIGINALE, although
we believe it unlikely given the short planned follow up period (at least two years). Insulin glargine
did, however, reduce the risk of progressing to diabetes by 28% vs standard care. Despite the delay,
we feel the effect needs to be linked to improvements in long-term complications to initiate change
in clinical practice. ORIGINALE may also help assess the durability of insulin therapy's effect on
diabetes prevention after discontinuing treatment, though again, the short follow up period limits
this possibility. As expected, insulin glargine significantly increased weight and incidence of
hypoglycemia. We believe these effects (in addition to the complexity of insulin treatment) will limit
the clinical use of insulin in early type 2 diabetes, particularly given the comparable effectiveness of
standard care and insulin glargine in controlling the worsening of glycemia in ORIGIN. In our view,
this later result highlights the importance of diagnosing and treating individuals early in the course
of type 2 diabetes regardless of what therapy is used, as long as it is shown to be reasonably safe.

▪ The risk for cancer with insulin glargine treatment was also a topic of significant
focus, and the data presented from several studies at this year's meeting moved us
closer to understanding whether a true association exists. Of greatest note, the ORIGIN
trial demonstrated no increased risk for cancer with insulin glargine over six to seven years of
treatment. While these data are certainly encouraging given the randomized-controlled nature of the
study and the relatively long follow-up, some experts have pointed out that a definitive answer
regarding insulin glargine's cancer association would come over a longer period of time (i.e., 10 plus
years of exposure). We'll be interested to see data on cancer risk by level of exposure to insulin in
ORIGIN as well as results from the ORIGINALE extension trial in the coming years. In the
symposium "Cancer Link with Insulin - Data from the U.S. and Northern Europe", three database
analyses were also presented that found no increased risk for cancer associated with insulin
glargine, although average exposure in these studies was still relatively short (1.2 to 3.1 years) -
presumably such databases will be able to show us more in the years to come. Reflecting on these
studies as well as ORIGIN, Dr. James Meigs (Harvard Medical School, Boston, MA) commented that
the results effectively "put the stake in the zombie that is insulin glargine and cancer risk." While we
wouldn't go quite that far yet, the preponderance of the accumulated evidence to date does appear to
suggest no increased risk.

▪ A number of talks at this year's ADA got us thinking harder about prediabetes and a
prediabetes approval pathway. Results from ORIGIN, which showed a 28% reduction in risk of
progression to diabetes with glargine vs. standard treatment, were particularly interesting. While we
agree with the diabeterati that it would not likely be feasible to treat the large numbers of patients
diagnosed with prediabetes each year with a therapy as complex as glargine, ORIGIN did get us
pondering whether we should be using drug therapy more regularly in prediabetes, for those at
highest risk, and how to best identify those who are most likely to progress to diabetes. It also
reminded us how much we hope a prediabetes pathway is put in place in the near future - we think
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such a pathway would make companies significantly more likely to explore their compound in
prediabetes and would therefore allow for better, more standardized comparisons of efficacy, cost
effectiveness, and long-term benefits of various compounds (including those that have already been
studied in prediabetes, like metformin, pioglitazone, and acarbose). Positive data on the use of
phentermine/topiramate extended release in prediabetes (2022-P), long-term DPP data, Dr. Ralph
de Fronzo's (University of Texas Health Science Center, San Antonio, TX)'s talk on
pharmacotherapy in prediabetes, and his suggestion during a BMS/AZ Corporate Symposium that
companies should start exploring SGLT-2 inhibitor use for IFG all strengthened our feeling that a
prediabetes pathway would be extremely valuable. Encouragingly, as we understand it, pursuit of a
prediabetes indication for metformin is currently underway by three professional associations and a
company (we have heard it is BMS but this has not been confirmed). Given how inexpensive
metformin is compared to long-term diabetes treatment, we think this effort could have a huge
impact, both clinically and politically. The question will be how durable metformin is in prediabetes
and if we can we properly identify who really needs it. Regardless, we applaud this effort and hope to
see more movement and discussion on the prediabetes front in the coming years.

▪ Discussion of pediatric diabetes at this year's ADA spanned the treatment,
epidemiology, and healthcare organization fronts alike. During a packed Saturday
afternoon symposium, we got more details on the TODAY trial (see our report on the trial's
publication in NEJM at http://www.closeconcerns.com/knowledgebase/r/c9650339). Among the
numerous insulin sensitivity, sociodemographic, beta cell function, and comorbidity data presented,
we found quite interesting that metformin + rosiglitazone therapy significantly improved insulin
sensitivity and stabilized beta cell function vs. metformin alone and metformin + lifestyle
intervention and that only baseline A1c and insulin secretion were significantly associated with
treatment failure. Broadly, the session emphasized for us the benefits of combination therapy (what
exactly the combination should be is unclear, since rosiglitazone is no longer a viable treatment
option) and individualization of treatment (a growing theme in type 2 diabetes, as we discuss in our
report on the new ADA/EASD guidelines at http://bit.ly/MQXPYQ). On the type 1 diabetes front,
data from the T1D exchange gave us interesting insight into pediatric achievement of A1c targets and
use of SMBG and CGM. We were also moved by a talk by Dr. Lynne Levitsky (Massachusetts General
Hospital, Boston, MA) that described the economic challenges of providing pediatric diabetes care
and a presentation by star endocrinologist Dr. Anne Peters (University of Southern California, Los
Angeles, CA) on the challenges of transitioning "emerging adults" with diabetes to adult healthcare
providers. These latter two presentations reminded us that significant work remains in the pediatric
diabetes space in terms of making the diabetes care provided to children and young adults
organizationally strong and sustainable, in addition to clinically optimal.

▪ We were surprised not to hear more discussion of biosimilars at this year's ADA,
despite growing chatter about them in the regulatory and commercial arenas. We
assume this absence of talks relates to continued uncertainty around the requirements for
submitting biosimilars for regulatory approval, especially in the US, and more limited interest in the
topic in the academic arena - but, we were surprised not to hear even any debates! Rather,
discussion was largely focused on insulin analogs (including Eli Lilly's PEGylated lispro
(LY2605541), Halozyme's PH20-supplemented rapid-acting insulin products), and Novo Nordisks's
degludec. Given how big of a deal biosimilars are almost certainly going to become as soon as
glargine's patents expire in 2014-2015 and how positively both patients and educators feel about
these products (at least early views, as we wrote about in our poster 1225-P on the topic), we will
hope for a presentation or two on the topic in 2013 and beyond, as data begins to emerge.
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Patients with Type 2 Diabetes with Metformin Failure (Eurexa) - An Open-Label,
Randomised Controlled Trial

Corporate Symposium: Long-Acting GLP-1 Receptor Agonist Thearpy: Improving Efficacy ,
Adherence, and Weight in T2DM (Sponsored by Amylin)

A Holistic View of Type 2 Diabetes Pathophysiology and Management
Long-acting GLP-1 Receptor Agonist Clinical Trial Data
Extraglycemic Effects and Clinical Applications of Long-Acting GLP-1 Receptor Agonists
Panel Discussion
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Corporate Symposium: Role of GLP-1 and DPP-4 in Type 2 Diabetes (Sponsored by Novo
Nordisk)

Role of GLP-1 and DPP-4 in Type 2 Diabetes (Sponsored by Novo Nordisk)

Amylin Investor Reception

Panel Discussion

SGLT-2 Inhibitors
Oral Sessions: SGLT-Inhibitors

State of the Art Lecture - Interpreting Adverse Signals in Drug Development Programs
(OR-07)
Canagliflozin Lowers Postprandial Glucose and Insulin by Delaying Intestinal Glucose
Absose Absorption in Addition to Increasing Urinary Glucose Excretion (79-OR)
Canagliflozin, A Sodium Glucose Co-Transporter 2 Inhibitor, Improves Glycemic Control
and Lowers Body Weight in Subjcets wth Type 2 Diabetes Inadequately Controlled with
Diet and Exercise (81-OR)
Tofogliflozin, A Novel and Selective SGLT-2 Inhibitor Improves Control and Lowers Body
Weight in Patients with Type 2 Diabetes Mellitus Inadequately Controlled on Stable
Metformin or Diet and Exercise Alone (80-OR)
Renal Glucose Kinetics in Response to Dapagliflozin (83-OR)
Efficacy Increases with Increasing Baseline HbA1c Category with Dapagliflozin Therapy
(82-OR)

Posters

Canagliflozin, A Sodium Glucose Co-Transporter 2 Inhibitor, Improves Glycemia and Is
Well Tolerated in Type 2 Diabetes Mellitus Subjects with Moderate Renal Impairment
(41-LB)
Efficacy and Safety of Canagliflozin, A Sodium Glucose Co-Transporter 2 Inhibitor,
Compared with Glimepiride in Patients with Type 2 Diabetes on Background Metformin
(38-LB)
Efficacy and Safety of Canagliflozin, A Sodium Glucose Co-Transporter Two Inhibitor,
Compared with Sitagliptin in Patients with Type 2 Diabetes on Metformin Plus
Sulfonylurea (50-LB)
Safety and Efficacy of Empagliflozin as Monotherapy or Add-On to Metformin in a
78-Week Open-Label Extension Study in Patients with Type 2 Diabetes (49-LB)
Long-Term Effectiveness of Dapagliflozin Over 104 Weeks in Patients With Type 2
Diabetes Poorly Controlled with Insulin (1042-P)
Dapagliflozin is Effective as Add-On Therapy to Sitagliptin With or Without Metformin: A
Randomized, Double-Blind, Placebo-Controlled Study (1071-P)
Safety of Dapagliflozin in Clinical Trials for T2DM (1011-P)
Effect of Dapagliflozin on Renal Function (1098-P)

Corporate Symposium: New Frontiers and Evolving Therapeutic Paradigms for Kidney-
Mediated Glucose Homeostasis in Type 2 Diabetes (Sponsored by BMS/AZ)

The Role of the Kidney in Glucose Homeostasis: Focus on SGLT-2 Inhibition as a New
Physiological Interface for T2D Management
SGLT-2 Inhibition: A Novel Treatment Strategy for Type 2 Diabetes Mellitus
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Achieving Glycemic Control in T2D Through Kidney-Mediated Mechanisms and
Therapeutics: Aligning SGLT2 Inhibitors with Patients Profile, Guidelines, and Unmet
Clinical Needs

Additional Oral Therapies
Current Issue: Will PPAR Agonist Therapy Survive?

Yes
No
Panel Discussion

Oral Sessions: Glucagon and Glucagon-Like Peptides - Animals

The GLP-1 Gastin Dual Agonist ZP3022 Increases Beta-Cell Mass in DB/DB Mice
(210-OR)

Posters

Clinical Proof of Concept with a Prototype MTOT Modulating Insulin ensitizer (966-P)
12-Week Treatment with Glucagon Receptor Antagonist LY2409021 Significantly Lowers
A1c and Is Well Tolerated in Patients with T2DM (981-P)
Identification of a Mitochondrial Target of Thiazolidinediones (MTOT) (1096-P)
Comparison of Efficacy and Safety of Co-Administration of Sitagliptin and Low-Dose
Pioglitazone with High-Dose Pioglitazone Monotherapy (1068-P)
Pioglitazone and Bladder Malignancy During Observational Observational Follow-Up of
Proactive: 6-Year Update (928-P)

ADA Diabetes Care Symposium

Beta Cell Function Preservation After 3-5 Years of Intensive Diabetes Therapy

Product Theater

Discussions and Insights into the Benefits and Risks Associated with Actos Therapy for
Type 2 Diabetes

Novel Drug Development
Oral Session: Novel Agents for Diabetes Management

Targeting Insulin Resistance via the Immune Modulation of Cord Blood-Derived
Multipotent Stem Cells by the Stem Cell Educator Therapy (287-OR)
GKM-001, A Liver-Directed/Pancreas-Sparing Glucokinase Modulator (GKM), Lowers
Fasting and Post-Prandial Glucose Without Hypoglycemia in Type 2 Diabetic (T2D)
Patients (293-OR)

Symposium: Glucagon - Renaissance of an Old Hormone

Hyperglucagonemia: The Untreated Half of Type 1 Diabetes
Future of Pharmacomodulation of the Glucagon Receptor in Diabetes Therapy
Leptin Therapy in Type 2 Diabetes

Basic Science
Banting Lecture

Transcriptional Control of Adipogenesis - Toward a New Generation of Therapeutics for
Metabolic Disease

Current Issues: Perspectives on Mitochondira Dysfunction in Insulin Resistance
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Mitochondrial Deficiency is Associated with Insulin Resistance
Mitochondrial Deficiency Does Not Mediate Insulin Resistance

Oral Sessions: Diabetic Dyslipidemia

Signaling Through GPR119 Increases HDL Cholesterol and Reduces Post-Prandial
Triglycerides (53-OR)

Special Lectures and Addresses: National Scientific and Health CAre Achievement Awards
Presentation and Outstanding Scientific Achievement Award Lecture

Outstanding Scientific Achievement Award Lecture - Using Genetics to Explore the
Biological Basis of Type 2 Diabetes in Human Populations

Symposium: Inflammation in Type 2 Diabetes and Results of the TINSAL-T2D Trial

Tinsal
Systematic Inflammation
Targeting IL-1B and IL-6 in Type 2 Diabetes

Symposium: Glucagon - Renaissance of an Old Hormone

Role of the Glucagon Receptor in the Regulation of Hepatic Fat Metabolism During
Fasting

Symposium: Inflammation and Insulin Resistance

Session Overview
Inflammasome and Metabolism
Macrophages, Inflammation, and Obesity - Induced Insulin Resistance
Hypothalamic NFKB and Obesity and Autophagy

Symposium: Epigenetic Control of Insulin Action

Epigenetic Control of Insulin Action in Humans

Symposium: Insulin Action via the Brain

Novel Roles of Brain Insulin in Regulating Whole-Body Amino Acid and Lipid
Metabolism

Symposium: Novel Concepts in the Pathophysiology of Hypoglycemia in Diabetes

Novel Mechanisms Implicated in Hypoglycemia-Associated Autonomic Failure
Central Nervous System vs. Intra-Islet Regulation of Glucagon Secretion

Symposium: Protein Acetylation and Other Post Translational Modifications as Metabolic
Sensors

SIRT3 in Control of Hepatic Lipid Metabolism

Symposium: The Basic Science of Exercise - Implications for diabetes

PGC-1 Alpha, Exercise Mimetics, and Diabetes
Molecular Targets of Exercise in the Muscle

Product Theater (Sponsored by Boehringer Ingelheim and Eli Lilly)

From Signs to Glycemic Impact: Exploring the Role of Glycosuria in T2DM

Insulin Therapies
Oral Sessions: Insulin Analogs
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Reduced Nocturnal Hypoglycemia and Weight Loss with Novel Long-acting Basal Insulin
LY2605541 Compared with Type 2 Diabetes (347-OR)
The Novel Long-Acting Insulin LY2605541 is Superior to Insulin Glargine in Lowering
Intra-Day Glucose Variability and Hypoglycemia Event Rate from Continuous Glucose
Monitoring (CGM) in Patients with Type 2 Diabetes (346-OR)
Altering the Time of Day of Once-Daily Dosing of Insulin Degludec Achieves Similar
Glycemic Control and Safety Compared to Dosing the Same Time of Day in People with
Type 1 Diabetes (348-OR)
Insulin Degludec 200 U/mL is Ultra-Long-Acting and Has a Flat and Stable Glucose-
Lowering Effect (349-OR)
Human Hyaluronidase + Rapid Analog Insulin (RAI) Improves Postprandial Glycemic
Control in Type 1 Diabetes (T1DM) Compared to Insulin Lispro Alone (353-OR)
Evaluations of Modified Ultra-Rapid Acting Linjeta Formulations BIOD-105 and
BIOD-107 in Patients with Type 1 Diabetes (350-OR)

Oral Sessions: The Clinical Management of Diabetes

Association of Treatment Persistence and Adherence with Real-World Outcomes Among
Insulin-Treated Patients with Type 2 Diabetes Mellitus (T2DM) (15-OR)
Clinical Characteristics and Outcomes of T2DM Patients Adding 1 to 3 Stepwise Prandial
Insulin Doses to Basal Insulin and Oral Therapy: Identifying a Problematic Subgroup
(14-OR)

Posters

Initial Clinical Experience with Hyaluronidase Preadministration in the Treatment of
Type1 Diabetes by Sensor-Augmented Analog Insuli Pump Therapy (34-LB)
Human Hyaluronidase + Rapid Analog Insulin (RAI) Improves Postprandial Glycemic
Control in Type 2 Diabetes (T2DM) Compared to Insulin Lispro Alone (882-P)
Better Glycemic Control and Weight Loss with the Novel Longacting Basal Insulin
LY2605541 Compared with Insulin Glargine in Patients with Type 1 Diabetes (1026-P)
Contrasting Weight Changes with LY2605541, a Novel Long-Acting Insulin, and Insulin
Glargine Despite Similar Improved Glycemic Control in Type 1 Diabetes and Type 2
Diabetes (1023-P)
Insulin Degludec Reduces Hypoglycemia and Improves Health Status vs. Insulin Glargine
in Insulin-Naive Type 2 Diabetes (1047-P)
Hypoglycemia Risk with Insulin Degludec Compared with Insulin Glargine in Type 2 and
Type 1 Diabetes: A Prospective Meta-Analysis of Phase 3 Trials (387-P)

Meet the Expert Sessions

Ongoing Challenges of Achieving Glycemic Control in Youth with Type 1 Diabetes

Symposium: Cancer Link with Insulin - Data from the US and Northern Europe

What We Know About Insulin and Cancer
Northern Europe Database Study of Insulin and Cancer Risk
Results from Kaiser-Permanente Collaboration and a Focus on Prevalent User Analysis
Results from Claims Data and a Focus on Incident User Analysis
Implications for Practice and Future Research

Symposium: An Update on Insulin Therapies

Update on Basal Insulins

www.closeconcerns.com 20



Update on Bolus Insulins
Is There a Role for Insulin Coformulations?

Joint ADA/The Lancet Symposium

Insulin Glargine Versus Sitagliptin in Insulin-Naive Patients with Type 2 Diabetes
Mellitus Uncontrolled on Metformin (EASIE) - A Multicentre, Randomised Trial

Product Theater

RAMP Up: Rapid-Acting Insulin Management Program (Sponsored by Sanofi)

Cardiovascular Disease and Other Complications
Symposium: Clinical Aspects of Hypoglycemia in Diabetes - Consequences and Prevention

Hypoglycemia in Type 1 Diabetes - Results from the Eurodiab Complications Study
Hypoglycemia in Type 2 Diabetes - Revisiting the Implications of Hypoglycemia in the
ACCORD Trial

Symposium: Predictors and Consequences of Diabetic Kidney Disease

State of the Art Lecture - Death and Cardiovascular Disease in Diabetes - It's All About
the Kidney

Oral Sessions: Diabetic Foot Disease - What Contributes to Healing?

Roger Pecoraro Award Lecture - Diabetic Foot Infections - Progress in a Pedestrian
Problem (09-OR)
High Mortality Rates from Foot Complications in Diabetic Patients on Dialysis (120-OR)

Posters

Pharmacokinetics, Safety, and Tolerability of a Long-Acting C-Peptide (Ersatta) in
Patients with Type 1 Diabetes (1078-P)

Symposium: Sleep Disorders and Diabetes - From Epidemiology to Intervention

Sleep Duration and Quality and Diabetes Risk
Sleep Apnea and Diabetes Risk

Oral Session: Frontiers of the Diagnosis and Treatment of Neural Dysfunction

Impact of Glycemic Control Strategies on the Incidence of Diabetic Peripheral
Neuropathy in the Bypass Angioplasty Revascularization Investigation 2 (63-OR)
New Collagen-Linked Advanced Glycation Endproducts (Ages) Predict Microvascular
(MV) Disease Progression Risk in Type 1 Diabetes - 16 Years After the Diabetes Control
and Complications Trial (DCCT) (64-OR)
Can Simple Function Tests for Cardiovascular Autonomic Neuropathy (CAN) Predict
Coronary Artery Disease 9CAD) in Type 1 Diabetes (T1D)? (69-OR)

Symposium: Behavioral Interventions in Routine Clinical Care - What Works?

Strategies for Treating Depression and Anxiety

Symposium: Women, Diabetes, and Cardiovascular Disease - The Perfect Storm

Implications for Cardiovascular Disease Prevention and Treatment in Women with
Diabetes
Prevalence/Burden of Cardiovascular Disease in Women with Diabetes
Why Does Cardiovasculr Disease Disparately Affect Women with Diabetes, and What are
the Gaps in Our Knowledge?
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Oral Session Can We Rein in the Costs of Diabetes with Better Diabetes Care?

Chronic Kidney Disease Progression and Associated Medical Costs in Type 2 Diabetes
(133-OR)

Symposium: Current Status of Acute Complications of Pediatric Diabetes

Updates on Pediatric DKA and HHS
Frequency of and Approches to Managing Symptoms of Depression and Anxiety in
Pediatric Diabetes - Should We Be Screening All Patients?

Symposium: The Holy Grail of Advancing Therapeutics for Diabetic Kidney Disease

Newer Agents
Regulatory Considerations
Oxidative Stress and Inflammation

Oral Sessions: Diabetic Dyslipidemia

Favorable Effect of Intensive Glucose Lowering on Lipoprotein Particle Profiles (48-OR)

Meet the Expert Sessions

Lipid Management and Vascular Complications in Diabetes - What's the Evidence?
Hyperglycemia and Hyperinsulinemia as Risk Factors for Development of Cardiovascular
Disease in Diabetes
Microvascular Complications
The Diabetic Foot - A Marriage of Team, Technology, and Tenacity
Diabetes Distress and Depression - Unanswered Questions and Persistent Clinical
Challenges

Symposium: Occurrence of Chronic Complications of Childhood Diabetes in the 21st Century

Prediction and Prevention of Diabetic Nephropathy - Updates on addit and More
Are There Markers of Macrovascular Complications in Pediatric Diabetes?
Eye Disease in Pediatric Type 1 and Type 2 Diabetes
Novel Markers of Glycemic Control and Complications in Pediatric Diabetes?

Symposium: Clinical Aspects of Hypoglycemia in Diabetes - Consequences and Prevention

Hypoglycemia and Cardiovascular Risks

Symposium: Diabetes to Diabetic Kidney Disease - Easing the Nutritional, Medical, and
Behavioral Transition

Easing the Transition - Lessons Learned
What's New? Diabetes Chronic Kidney Disease (KDOQI) Gudelines Updated

Corporate Symposium: Protecting Vision in Your Diabetic Patients (Sponsored by
Genentech)

Overview of Diabetic Macular Edema Therapies
Protecting Vision in Your Diabetes Patients
Panel Discussion

Symposium: Changing the Course of Diabetic Retinopathy

A Personalized Approach to Diabetic Macular Edema
Global Challenges in Treatment of Diabetic Retinopathy
Nutrition to Inhibit Diabetic Microvascular Disease

www.closeconcerns.com 22



Oral Sessions: Predictors and Consequences of Diabetic Kidney Disease

Advanced Glycation End Products May Predict Progression of Diabetic Nephropathy
(304-OR)
Correlation of Renal Physiology and Pathology in Deceased Donor Kidneys Following
50-Years of Type 1 Diabetes (T1DM): 50-Year Medalist Study (305-OR)
Glycemia and Death in Dialysis Patients (307-OR)

Symposium: How to Measure Success in the Treatment of Diabetic Neuropathy

Update on Pathogenic-Directed Therapies

Oral Sessions: Diabetes Complications and Mortality - Risk Factors, Trends, and Sex/Race
Disparities

Association Between Glycated Hemoglobin and the Risk of Cognitive Heart Failure in
Diabetes Mellitus - Systematic REview and Meta-Analysis (298-OR)
Risk of Mortality in LADA May Be Higher than in Type 2 Diabetes (295-OR)
Declining Rates of Hospitalization for Acute Myocardial Infarction and Stroke Among
Adults Aged ≥45 Years with Diagnosed Diabetes, United States, 1988-2009 (297-OR)
All-Cause and Cause-Specific Mortality by Race in Low Income Blacks and Whites with
Type 2 Diabetes (301-OR)

Oral Sessions: Diabetes and Macrovascular Disease - From Biomarkers to Therapeutics

Long Term Complications and Mortality in Youth Onset Diabetes: Type 2 Diabetes is
More Lethal Than Type 1 (336-OR)
Insulin Sensitizers May Reduce the Risk of Peripheral Arterial Disease in Type 2
Diabetes: Results from the Bypass Angioplasty Revascularization Investigation 2 Diabetes
(BARI 2D) Trial (3-OR)
The GLP-1 Metabolite GLP 9-37 Increases Atherosclerotic Lesions in Mice and is
Associated with Coronary Atherosclerosis in Humans (333-OR)

Symposium: Macrovascular Disease in Type 1 Diabetes Mellitus

Role of Inflammation in the Coronary Artery Disease of Type 1 Diabetes
Predictors and Burden of Coronary Artery Disease in Patients with Type 1 Diabetes

Healthcare Structure, Treatment Guidelines, and Epidemiology
Oral Session: The Clinical Management of Diabetes

State of the Art Lecture - The New ADA/EASD Position Statement on Management of
Hyperglycemia in Type 2 Diabetes

Special Lectures and Addresses

President, Medicine & Science Address - Hurricane Diabetes - The Road to Recovery

Kelly West Award Lecture

The Diabetes "Epidemic" - How We Epidemiologists Misled the World

Symposium: How Should HbA1c Be Reported - % DCCT Units or mmol/mol?

HbA1c in % or in mMol/Mol - Where do the Numbers Come From?
A Clinical Perspective - HbA1c Should Continue to be Reported in %
A Clinical Perspective - HbA1c Should Be Reported in mMol/Mol
Panel Discussion
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Symposium: NDEP Symposium - NDEP Past, Present, and Future - Chaning the Way Diabetes
is Treated

Session Overview
Where We've Been (1997-2012) - Challenges and Controversies
Where We Are - Focus on Behavior Change (Diabetes Prevention and Management)
Where We're Going - The Road to 2020 - Engaging the Community
Next Steps, Conclusions, Questions and Answers
Panel Discussion

Symposium: The Role of Pharmacology in Managing Prediabetes

Lifestyle Changes and Metformin Are Adequate
Who Will Pay for Prevention?

Symposium: Beyond Insulin and A1c in the Management of Pediatric Type 1 and Type 2
Diabetes

Empiric Data on Diabetes Care in Emerging Young Adults
Pediatric Workflow, Future Staffing Needs, and Reimbursement Issues

Symposium: Management of Diabetes on Medical-Surgical Wards

New Guidelines for the Wards

Joint ADA/The Lancet Symposium

Regression from Prediabetes to Normal Glucose Regulation is Associated with Long-Term
Reduction in Diabetes Risk - Results from the Diabetes Prevention Program Outcomes
Study
Effectiveness of Quality Improvement Strategies on the Management of Diabetes -
Systematic Review and Meta-Analysis

Interest Group Discussions: Diabetes in Youth - The Type 1 Diabetes Exchange

T1D Exchange Overview: 25,000 Opportunities, A Few Limitations
Pediatric Sample - 12,000+ Strong
Adult Sample with Youth-Onset Type 1 Diabetes - Lessons for the Young and Older
Glu Patient Portal - Using Social Media to Engage and Empower
Panel Discussion

Product Theater

Dynamic Thinking for a Dynamic Disease: Addressing the Progressive Nature of T2DM
(Sponsored by Novo Nordisk)

Private Event: 3rd Annual T1D Exchange ADA Reception (Sponsored by Helmsley Charitable
Trust)

The T1D Exchange
Participants in the T1D Exchange
A1C Outcomes
Severe Hypoglycemia, Diabetic Ketoacidosis
Strategic Alliances for the T1D Exchange

Prediction, Prevention, Lifestyle, and Education
Oral Session: Diabetes Prevention and Lifestyle Risk Factors
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The Impact of Lifestyle Intervention on All-Cause and Cardiovascular Mortality in Adults
with Impaired Glucose Tolerance: 23-Year Follow Up of the DA Qing Diabetes Prevention
Study (147-OR)

Special Lectures and Addresses: President, Health Care & Education Address and
Outstanding Educator in Diabetes Award Lecture

President, Health Care & Education Address - Diabetes: A Health Tsunami
Outstanding Educator in Diabetes Award Lecture - Defining Moments

Symposium: Treatment and Clinical Course of Recent-Onset Type 2 Diabetes in Youth - Data
from the TODAY trial

Introduction
Outcomes, Interpretation, and Implications of the TODAY Trial
Insulin Sensitivity and Secretion Over Time in Youth in the TODAY Trial
Determinants of Durable Glycemic Control in the TODAY Trial

Symposium: Exercise Tolerance in Diabetes

Physical Activity and Diabetes Mellitus - Why Do We Care?

Symposium: Using the National Prevention Strategy to Turn the Tide on Diabetes

The National Diabetes Prevention Program - Progress and Challenges

Symposium: Should We Pay People to Change Their Behavior? Behavioral Economics and
Diabetes

Behavioral Economic Interventions in Obesity, Smoking Cessation, and Diabetes

Symposium: Health Care Delivery is Changing - Where do Diabetes Educators Fit?

Session Overview

Obesity and Obesity Therapies
Oral Sessions: Novel Brain Mechanisms in Metabolism Regulation

PPARGamma in Central Control of Feeding

Posters

Weight Loss (WL) and Change in Antidiabetic Medications Over 2 Years with Extended-
Release Phentermine/Topiramate (Phen/TPM ER) (1985-P)
Weight Loss (WL) by Comorbidity Degree as Assessed by the Edmonton Obsity Staging
System (EOSS) in Subjects Receiving Extended-Release Phentermine/Topiramate
(PHEN/TPM ER) (2020-P)
Diabetes Prevention in Subjects with Prediabetes Using Extended-Release Phentermine/
Topiramate (Phen/TPM ER) Over 2 Years (2022-P)

Meet the Expert Sessions

Management of Overweight/Obesity as a Strategy to Optimize Cardiovascular Disease
Health in Patients with Type 2 Diabetes - Challenges and Opportunities
Hypoglycemia After Gastric Bypass Surgery

Symposium: ADA Diabetes Care Symposium

Metabolic Surgery - Gastric Bypass to Treat Type 2 Diabetes in Patients with Only Mild
Obesity

Symposium: New Frontiers in Weight Management
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National Heart, Lung, and Blood Institute Obesity Guidelines - Highlights of 2012 Report
Gut-Brain Communication in the Control of Food Intake and Glucose Homeostasis
Can Genetic Testing Motivate Behavior Change and Weight Loss?
Genetic Predictors of Weight Loss and Weight Regain in the Diabetes Prevention Program

Symposium: Brown Fat in Humans--What Have We Learned

Physiological Relevance of Brown Fat in Humans - Obesity and Insulin Resistance
Ethnic Differences in Brown Fat

Mobile Health and Telemedicine

Oral Sessions: Behavioral Diabetes Interventions - Results from the Latest Controlled Trials

Can You Hear (And See) Me Now? Skype-based Intervention for Teens with Poorly
Controlled Diabetes (345-OR)
Weight Loss for Metabolic Syndrome in Primary Care: Results from the Shine Telephone
Translation of the Diabetes Prevntion Program (DPP) (341-OR)
Internet Programs for Youth with Type 1 Diabetes (T1D) Improve Outcomes (344-OR)

Oral Sessions: Expanding the Domains of Diabetes Education

Games Are A Preferred Method to Improve Diabetes Knowledge and Self-Efficacy in
Adults (71-OR)

Oral Sessions: Improving Health Care Delivery and Health Outcomes

Comparison of Tele-Health with Usual Case Management in Patients with Diabetes
(312-OR)

Posters

Mobile Diabetes Intervention for Glycemic Control: Impact on Physicians Prescribing
Behavior (803-P)

Symposium: Which Technologies Have Impact on Clinical and Behavioral Outcomes in
Diabetes?

Diabetes Medication Management - Leveraging Websites, Patient Portals, and Mobile
Devices

Symposium: How and Who Best Supports Diabetes Self-Management?

Self-Management Telephone Support with Nurse Care Management

Type 1 Therapies (Cure Related)
Oral Sessions: Late-Breaking Abstracts

Co-stimulation Modulation with Abatacept in Patients with Recent Onset Type 1
Diabetes: AFollow Up Study at 3 Years (150-LB)

Oral Sessions: Human Immunology and Diabetes

Administration of CD4+CD25HighCD127- T Regulatory Cells as a Therapy for Remission
in Type 1 Diabetes in Children (86-OR)
Teplizumab Preserves Insulin Production in Type 1 Diabetes After the New Onset Period
(85-OR)

Oral Sessions: Novel Agents for Diabetes Management

Recent Data from DIA-AID 1, A Global Phase III Clincal Study in Newly Diagnosed Type 1
Diabetes Patients (292-OR)
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Oral Sessions: Clinical Islet Transplantation

Beta-Cell Secretory Capacity in Human Islet Transplantation According to the CIT07
Protocol (156-OR)
Sitagliptin Plus Pantoprazole Enhances Graft Function and Temporarily Restores Insulin
Indepedence in Clinical Islet Transplantation (157-OR)
Use of Liraglutide in Islet Transplant Recipients (158-OR)

Meet the Expert Sessions

The Future of Preventing or Reversing Type 1 Diabetes

Symposium: Beta Cell Death, Cytokine Toxicity, and Islet Antigenicity

IL-1 Receptor Antagonist in Recent Onset Type 1 Diabetes - A Multicenter, Randomized,
Placebo-Controlled Trial
Canakinumab, an Anti-IL-1 Monoclonal Antibody in Recent-Onset Type 1 Diabetes

Symposium: ADA Diabetes Care Symposium

Diabetic KetoAcidosis At Diagnosis Influences Complete Remission After Treatment of
Hematopoietic Stem Cell Transplantation in Adolescents with Type 1 Diabetes
Improvement in Outcomes of Clinical Islet Transplantation - 1999-2010

Symposium: Beta Cell Replacement Therapies for Severe Hypoglycemia

Completion of Enrollment of the First Phase III Trial of Islet Alone Transplantation of
Severe Hypoglycemia and Hypoglycemia Unawareness
Pancreas Transplant Alone

Joint ADA/JDRF Symposium - Antigen-Specific Tolerance in Type 1 Diabetes

An Antigen-Specific Tolerance Strategy for the Treatment of type 1 Diabetes and Islet
Transplantation
Diabetes Prevention with Nasal Insulin

Symposium: An Islet Investigation to Advance Research in Diabetes Mellitus

Network for Pancreatic Organ Donors with Diabetes (NPOD) - The Pancreas in Human
Type 1 Diabetes

Origin
Symposium: ORIGIN Trial - Final Results

Close Concern's Takeaways
Introduction
Design of Origin
Omega-3 Fatty Acid and Cardiovascular Outcomes
Implications for Omega-3 Fatty Acid Therapy
Basal Insulin and Cardiovascular/Other Outcomes
Basal Insulin and Diabetes Prevention
Safety of Insulin (Hypoglycemia, Weight Gain)
Implications for Insulin Therapy
Panel Discussion

Exhibit Hall - Highlights
Social Media at Scientific Sessions
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CGM and SMBG

Oral Sessions: Continuous Glucose Monitoring

IMPACT OF STUDY DESIGN AND ANALYTIC TECHNIQUES ON THE REPORTED ACCURACY
OF CONTINUOUS GLUCOSE MONITORING (CGM) SYSTEMS (1-OR)

David Price, MD (Dexcom, San Diego, CA)

Dexcom's Dr. David Price gave an excellent, Wizard-of-Oz-inspired review of how CGM data is reported,
emphasizing how "turning handles and twisting levers" can skew the data. The highlight was topline data
from Dexcom's pivotal G4 study (n=72; 9,093 matched pairs): a mean absolute relative difference of 13%,
80% of points in the CEG A-Zone, and 94% of sensors lasting up to seven days. Turning to study analysis,
Dr. Price advocated for taking CARE when interpreting CGM data: Calibration (frequency, method,
instrument), Analytic techniques (A+B Zones vs. A Zones, median vs. mean, lag adjustment), Range (glucose
and rates of change), and Excluded data (outlier values, outlier sensors, Day #1). He especially emphasized
that CGM studies should present data based on a product's intended use. We appreciated Dr. Price's
examples of how changing the data can drastically affect accuracy, especially when multiple questionable
approaches are stacked (e.g., using YSI for calibration AND calibrating four times per day). Overall, this
presentation was as eye opening as we expected and it was quite clear that Dexcom has a high level of
confidence in the performance of their new sensor. AS a reminder, the G4 was submitted for FDA approval
in 1Q12; see our most recent Dexcom earnings report at http://www.closeconcerns.com/knowledgebase/r/
109d0417.

▪ The pivotal study of the G4 (n=72) demonstrated a mean absolute relative difference
(MARD) of 13%, with 94% of sensors lasting seven days and 80% of points in the
Clarke Error Grid A-Zone. The overall percentage of sensors within 20% of reference (>80 mg/
dl) and 20 mg/dl of reference (<80 mg/dl) was 82%, with 83% within 20 mg/dl at 40-80 mg/dl. The
precision between two sensors as measured by coefficient of variation was 7%. On time percentage
within days (288 possible) was 97%. Dr. Price noted the improved accuracy of the G4 compared to
the Seven Plus - while 73% of individual Seven Plus sensors had a mean ARD within 20%, this
increased to 93% in the G4 pivotal study. The pivotal study had 9,093 matched pairs and 15% of YSI
values were less than 80 mg/d.

G4 Pivotal Study Results

Within 20%/20
mg/dl of
reference

Clarke Error Grid
A-Zone

MARD %

Two daily real-time
calibrations with SMBG by
subjects

82% 80% 13

YSI Calibration 86 85 11

Four daily SMBG
calibrations

86 85 12

Retrospective calibration
(two times per day)

89 88 11

Retrospective YSI
calibration (four times per
day)

94 94 7
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▪ "An MARD of 13% does not equal a MRD of 13%." Dr. Price characterized these common
CGM accuracy acronyms as "confusing" and gave an example to illustrate how mean relative
difference (MRD) can be biased. For a YSI reading of 200 mg/dl and corresponding CGM readings
of 150 mg/dl and 250 mg/dl, the mean relative difference (MRD) is 0%. The MARD, however, is
25%. This illustrates the major bias of MRD, where positive and negative biases average each other
out.

▪ Clinical studies must be designed to reflect intended use. Dr. Price noted that studies
should enroll an adequate number of intended users and patients in studies must act like patients do
in real life (self-deploy sensors, self-calibrate at the labeled frequency, calibrate with glucose moving
up or down, use the sensor in values across the glucose range). Studies should also include in-clinic
days throughout a sensor session (i.e., at the beginning, middle, and end of a sensor session). YSI
values should also be matched to corresponding CGM values.

▪ Calibration: Dr. Price showed how increasing the number of calibrations, the method
of calibrations, and post processing CGM data can dramatically improve reported
CGM accuracy. The first row in the table below illustrates what Dexcom observed in the G4 pivotal
study, while subsequent rows illustrate the G4 pivotal study data with certain post-processing
tactics.

▪ Analytic: Certain analytic techniques can be misleading, such as reporting Clarke Grid
A+B-Zone data vs. A-Zone data alone. Dr. Price showed how the GlucoWatch 2B and Dexcom
G4 (on day seven) have similar A+B Zone data (95% and 97% respectively), while reporting the A-
Zone data alone really shows the accuracy difference between the sensors: 51% of points for the
GlucoWatch data vs. 85% of points for the Dexcom G4 on day seven. This difference was also highly
noticeable on the Clarke Grid Plot, where the Dexcom G4 had a tight clustering around the
45-degree line, while the GlucoWatch 2B had a wider and more scattered dispersion.

▪ Range: Excluding low glucose data lowers Clarke Error Grid D-Zone points and
improves a sensor's MARD. The Dexcom G4 pivotal study included points YSI values between
40 and 400 mg/dl, resulting in 9,093 matched pairs, a MARD of 13%, 80% of points in the A-Zone,
and 2% of points in the D-Zone. Limiting the YSI points between 81 and 400 mg/dl reduces the
number of matched pairs to 7,742, improves the MARD and A-Zone points by a single percentage
point (to 12% and 81% respectively), and decreases the number of D-Zone points to just 0.5%. The
reason is because Clarke Error Grid and MARD analyses amplify errors at low glucose values. For
instance, at a YSI of 60 mg/dl, a CGM reading of 60 mg/dl will fall into the A-Zone, while a reading
of 75 mg/dl will fall into the D-Zone. Because the denominator in the MARD calculation is the
reference glucose (e.g., 60 mg/dl in the previous example), a small error in the low glucose range
(e.g., 15 mg/dl), can inflate the MARD (25% in this case).

▪ Excluding: Removing outlier sensors can improve a sensor's reported MARD. Dr. Price
explained that a MARD can be reported as the average error across all sensors in a study, or it could
be reported as the histogram of individual sensor MARDs. Removing outlier sensor data from Seven
Plus data reduced the mean ARD from 15.9% to 13% and the median ARD from 14.1% to 12.7%. He
further explained that reporting medians diminishes the impact of outliers. Dr. Price argued for
greater transparency in the data, especially because reporting all values better reflects the
experience users will actually have.

Questions and Answers

Q: As clinicians, do you have a comparison between the G4 and Medtronic's Enlite?

A: Medtronic's new product performance has improved a great deal. I would say that our G4 is really revving
on days four to seven. I've not seen data on the Enlite besides what has been presented. Based on the Enlite
poster, I'm not quite sure how calibration was done, whether there was lag adjustment, etc. You'll have to ask
them at their presentation.
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Q: A question on median and mean ARD. If you look at the glucose data measured by CGM, it's
not a normal distribution. You should be reporting median. You often report mean because
that's what we're used to, but if you look at the data, it should be a median.

A: The problem with looking at the median is that it negates the impact of outlier sensors. I don't disagree
with you. But those outlier sensors are important.

Comment: So maybe we should add a measure of distribution.

A COMPARATIVE ANALYSIS OF THREE CONTINUOUS GLUCOSE MONITORS: NOT ALL ARE
CREATED EQUAL (4-OR)

Steven J. Russell, MD (Massachusetts General Hospital, Boston, MA)

Dr. Russell presented head-to-head comparisons of multiple CGM systems (including some not yet approved
in the US), with data drawn from 48-hour bi-hormonal closed-loop experiments (which offered a wide
range of hyperglycemic values and rates of glucose change, but few points in the hypoglycemic range). First
he showed data in which the FreeStyle Navigator performed with higher accuracy and lower variability
compared to the Dexcom Seven Plus and Medtronic REAL-Time Guardian - a finding his team has discussed
previously. He went on to discuss a new three-way comparison of the FreeStyle Navigator with Dexcom's
Gen 4 Sensor and Medtronic's Enlite based on seven 48-hour experiments. The Enlite (MARD 17.2±9.5%)
showed an improvement over the REAL-Time Guardian, with much of the remaining inaccuracy and
variability due to some outlier values (Medtronic engineers are working on an improved algorithm, which
Dr. Russell said that he and his colleagues will be testing). Meanwhile the Gen 4 (MARD 11.3±4.3%) posted
better results even than the Navigator (MARD 11.9±4.3%) and - unlike the Navigator or Enlite - got better
on the second day of wear, implying that subsequent days of wear might make the Gen 4 look even better (a
prospect Dr. Russell's team will "soon" investigate in five-day closed-loop studies).

▪ Dr. Russell began by discussing a three-way comparison of Abbott's FreeStyle
Navigator, Dexcom's Seven Plus, and Medtronic's REAL-Time Guardian (12 48-hour
experiments; 2,360 reference blood glucose measurements [GlucoScout]). The FreeStyle Navigator
had the lowest mean absolute relative difference (MARD) and the smallest standard deviation in
MARD (11.8%±3.8%), as well as the highest percentage of matched pairs in the Clarke Error Grid A
Zone (81%). The results were less favorable for the Seven Plus (MARD 16.5±6.7%; CEG A 76%) and
REAL-Time Guardian (MARD 20.3±6.8%; CEG A 64%). Dr. Russell also presented data on sensor
reliability, which was notably higher for the Navigator and Guardian (99.8% and 98.5% of
measurements captured, respectively) than for the Seven Plus (75.9%).

▪ Dr. Russell further illuminated sensor performance in various less-conventional
ways, including a breakdown of MARD by glucose range. (The hypoglycemic range was
excluded due to the paucity of data; the closed-loop system maintained control so effectively that
only 0.7% of the total measurements were below 70 mg/dl.) In each of 70-120 mg/dl, 120-180 mg/
dl, and 180-250 mg/dl, the Navigator performed better than either the Seven Plus or Guardian,
whereas at >250 mg/dl, the Seven Plus had the lowest MARD (the Navigator consistently under-
reads in the high glucose range, Dr. Russell said). The Seven Plus had better MARD than the
Guardian in all glucose ranges. Dr. Russell also presented Bland-Altman plots showing that standard
deviation for the Navigator was tighter than for the other CGMs across the glycemic spectrum
studied.

▪ The Boston artificial pancreas researchers have conducted 17 experiments comparing
just the FreeStyle Navigator (MARD 13.2±3.6%) and Medtronic's Enlite sensor (MARD
16.0±7.4%). Dr. Russell noted that the Enlite's standard deviation was raised by several sensors
with atypically high MARD - a problem that Medtronic engineers think they can address with an
improved algorithm (which Dr. Russell and his colleagues will help test once it has been developed).

▪ In Dr. Russell's group's studies, the Dexcom Gen Four had a MARD below 10.0% on
the second day of sensor wear - an improvement from day one, whereas the Navigator
and Enlite performed worse on the second day. (Dr. Russell noted that his group found
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better Gen Four MARD than had been presented by Dexcom's Dr. David Price earlier in the session -
he attributed this in part to calibration with the GlucoScout rather than with the less-accurate BGM
devices used in the Dexcom clinical study). Dr. Russell speculated that the Gen Four's performance
might be still more superior on subsequent days of wear. He and his colleagues are planning to
conduct five-day closed loop experiments "soon" - we are curious whether the system will be 'driven'
by the Navigator (the group's historical sensor of choice) or, in light of these new data, the Gen Four.

Questions and Answers

Q: Were you able to compare during/after exercise and overnight?

A: We haven't looked at those subsets of the data.

Q: But you have not noticed any gross differences?

A: Overnight we have tighter glucose control and lower rates of change, so lag becomes less of an issue; I
would expect control to be better then. During exercise we see more rapid changes, so I would anticipate
worse accuracy then.

Q: Were there any artifacts in sleep from patients rolling on the sensors?

A: In our closed-loop system, the sensors are all worn on the abdomen, so people can't sleep on their stomach.

Dr. Roman Hovorka (University of Cambridge, Cambridge, UK): I look forward to seeing the Gen 4
in our studies.

ACCURACY AND LARGE INACCURACY OF TWO CONTINUOUS GLUCOSE MONITORING
(CGM) SYSTEMS (3-OR)

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

Dr. Leelarathna presented Abbott FreeStyle Navigator and Dexcom Seven Plus CGM data from five closed-
loop studies in a total of 52 patients at Cambridge. The accuracy and inaccuracy of both CGMs were
compared on a wide variety of metrics, including MARD (9.9% for the FreeStyle Navigator vs. 12.6% for the
Dexcom Seven Plus), Clarke error Grid (78% in the A-Zone for the FreeStyle Navigator vs. 71% for the
Dexcom Seven Plus), frequency of large sensor errors, and error duration. Large sensor over-reading
occurred two to three times more frequently with the Dexcom Seven Plus than with the FreeStyle Navigator.
Additionally, at higher error levels (50% and 60%), errors of one hour or longer were absent with the
FreeStyle Navigator. This led Dr. Leelarathna to conclude that the FreeStyle Navigator "may be more
valuable for closed loop operation than Dexcom's Seven Plus." Of course, Dr. Steven Russell's subsequent
presentation demonstrated that Dexcom's new G4 sensor seems to have closed the accuracy gap with the
FreeStyle Navigator. Nevertheless, we appreciated the researchers and session's focus on more than just
top-line CGM accuracy data - reducing large sensor errors will not only improve AP performance, but we
suspect it might also lead less patients to become frustrated and quit using CGM. We were particularly
intrigued by the multiple questions from FDA during the Q&A. It seems the agency is wrestling with this
idea of statistically defining and analyzing large sensor error data.

Questions and Answers

Q: Have you modeled the number of severe lows that would have occurred as a result of over
readings?

A: We do have some simulation data. After 40% or more errors, that would cause hypoglycemia.

Q: Did you adjust for the fact that Navigator doesn't show the very first few hours of data?

A: We used the one-hour Navigator in our studies. We also inserted both sensors one day before. They were
identically 24 hours into their sensor life.

Q: How did you calculate error duration? What happens if a sensor went from 40% to 50%
back to 40% error? Did you take individual time points and call that a minute or was it
continuous duration? Did you use arterialized or venous blood?
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A: We inter-collated into one-minute data. We took YSI every hour, but inter-collated into one-minute data.

Q: What if it moved back and forth?

A: That would be classified as a second error. If an error came out of an error zone, the error ended. The
second time we went back it was counted as a second error. And we used venous plasma glucose.

Q: How did you define an event? Say you went from 30% to 40% to 30% to 40% error. Would
three separate events be counted?

A: That's correct.

Q: And the event was a CGM point compared to blood glucose?

A: Yes, reference glucose vs. CGM glucose.

TRANSDERMAL CONTINUOUS GLUCOSE MONITORING FOLLOWING SKIN PERMEATION

Wayne Menzie (Echo Therapeutics, Philadelphia, PA)

Wayne Menzie discussed the performance of Echo's transcutaneous continuous glucose monitoring device,
the Symphony tCGM, in a 24-hour pilot study of people with diabetes (n=20; 12 with type 1 diabetes, 8 male,
mean age 51.5); sensors were calibrated four times a day. As announced in December 2011, mean absolute
relative difference was 12.6%, and 94.4% of matched data pairs were within the A zone of the Continuous
Glucose Error Grid Analysis. Mr. Menzie noted that the sensors used in the study had a bimodal distribution
of accuracy: the 15 best-performing sensors had a MARD of 11.3%, whereas the five worst-performing
sensors had MARD of 20.1% (Echo's team has identified the source of inaccuracy in these sensors as a
hardware problem and believe they have addressed the issue). Next steps include pilot studies in the ICU
(ongoing), tests with additional skin types and body locations (the study in diabetes included arms and
abdomens), more data in the hypoglycemic range (Mr. Menzie acknowledged that this was still a "blind
spot" in Echo's dataset), studies that last beyond 24 hours, and further studies of potential interferents
(though Mr. Menzie said that neither acetaminophen nor ascorbic acid seem to significantly interfere with
the Symphony, based on preliminary research).

▪ Although Echo's near-term target market is critical care patients, healthy people with
diabetes offered the company a chance to test the system across a wide range of
glucose levels (2,680 measurements with mean glucose 157±62 mg/dl; range 42-333 mg/dl).

Questions and Answers

Q: Do you have data on repeated use?

A: Some subjects have been volunteers in multiple studies, but these are usually separated by months. The site
itself takes several days to regenerate. Skin permeation is a precise technique, so we can't go to same site until
three-to-four days have passed.

Q: Have you seen any adverse events?

A: No, the worst thing we've seen is minor skin irritation; the biggest cause of irritation is actually the
adhesive.

Q: On the last slide you presented data that you said was without calibration… how do you
account for background current and interference?

A: Calibration was done every four hours - since blood glucose is taken more frequently in hospitals, we would
look to those measurements to improve performance. Our calibration algorithm is still under review,
however. No specific measures taken other than design of device, there was no signal processing or correction
for interference. In limited studies we haven't seen that problem but we will study the interference question
further; we know this is issue especially for the hospital.

Q: I recommend you study ascorbic acid and acetaminophen to see what happens with those.

A: We've tried both of those preliminarily and haven't seen problems.
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A1C AND MEAN GLUCOSE (MG) IN INSULIN TREATED DIABETES USING THE DEXCOM
SEVENPLUS CONTINUOUS GLUCOSE MONITOR (CGM): CORRELATION AND INTRA-
PATIENT CONSISTENCY OVER TIME (2-OR)

Nicholas Argento, MD (Maryland Endocrine and Diabetes Center, Columbia, MD)

Dr. Argento discussed "high glycolators" and "low glycolators" - people whose CGM-measured mean
glucose (CMG) differs widely from the estimated average glucose (eAG) based on A1c. To study the
relationship between CMG and A1c, his team analyzed A1c and CGM (Dexcom Seven Plus) data from several
dozen patients in Dr. Argento's own practice. Similar to the ADAG and JDRF CGM studies, on average a
CMG of 154 mg/dl translated to an A1c of 7.0% - a CMG/A1c ratio of 21.7. But (also as seen in the JDRF
CGM trial), the CMG/A1c ratio varied widely across the population and was stable within individuals. This
phenomenon means that "high glycolators" (patients in the highest decile of CMG/A1c ratio - i.e., below 19.2
mg/dl·%) actually have lower mean glucose than their A1c would indicate, and so are in danger of frequent
hypoglycemia. By contrast, "low glycolators" (patients in the lowest decile of CMG/A1c ratio - i.e., above
24.9 mg/dl·%) actually have higher mean glucose than their A1c would indicate, and so are at much greater
risk of complications than they might realize. Dr. Argento proposed that in both high and low glycolators,
CGM-measured mean glucose is a better measure than A1c for setting glycemic targets.

Questions and Answers

Q: Could you comment on mean glucose vs. A1c as a target? We know that at the same glucose
level, A1cs are higher in older people and in blacks.

A: Black patients in our study appeared to have residual negative - A1c is higher than would be expected from
mean glucose. I'm not saying we shouldn't use a1c; as best we can tell it is a surrogate marker of mean glucose,
but it seems not to be a great marker in all patients. Ten genetic loci with high variability have been found to
influence A1c; only three of those seem to have to do with glycemic control. One would think that other factors
that influence A1c, such as iron metabolism and red cell life, don't have effect on diabetic complications.
Should we look only at mean glucose? No, because variability is important too - of course, CGM is also
probably the best way to look at this too. If you are outlier in CCMG/A1c, you may want to modify the way
your glycemic targets are set.

Q: I am trying to understand the significance of glycation. Maybe if you are a low glycator, you
would glycate renal proteins less also.

A: That is a great question. If you make hemoglobin at a lower rate, perhaps you are protected elsewhere. But
there so many other factors - like iron metabolism and red cell life - seem that they would be unlikely to
protect kidneys or endothelial tissue. There has been talk of this, but I am not aware of evidence. Perhaps
some patients have partial protection in some tissues; perhaps others have none. I think the way to go is mean
glucose, since we know what that means.

LONG-TERM EFFECTS OF SENSOR-AUGMENTED PUMP THERAPY IN TYPE 1 DIABETES: A
3-YEAR FOLLOW-UP STUDY (8-OR)

Signe Schmidt, MD (Copenhagen University Hospital, Hvidovre, Denmark)

Dr. Signe Schmidt presented three-year follow-up data on 24 Danish patients from the Eurhythmics trial of
sensor-augmented pumping (SAP). The patients that were still using SAP at three years (n=16) maintained
the vast majority of the glycemic improvement that they had achieved during the 26-week study (three-year
A1c below 7.5%, from a baseline of roughly 8.5%). These patients also reported improvements in the
Diabetes Treatment Satisfaction Questionnaire (p<0.01), the Problem Areas in Diabetes survey (p<0.02),
and the Hypoglycemia Fear Survey (not statistically significant). Notably, however, the patients that
stopped using CGM and switched to either pumping alone (n=4) or MDI (n=2) achieved extremely similar
three-year glycemic control. Dr. Schmidt noted that the small sample size makes true analysis difficult, but
she speculated that perhaps these six patients had gained important diabetes insights from their time
wearing sensors and that they continued to apply these insights even after ceasing CGM use (a phenomenon
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that Dr. Robert Vigersky, who commented during Q&A, reported in a study of intermittent CGM use in
patients with type 2 diabetes not using mealtime insulin [Vigersky et al., Diabetes Care 2011]).

Questions and Answers

Q: There was a striking lack of improvement in the hypoglycemic fear index, even though we
often think of SAP as a way to address hypoglycemia. Why do you think that was the one
measure that didn't improve?

A: Actually it did improve, the improvement was just non-significant. This depends on sample size.

Q: In the SWITCH study, people using SAP who stopped wearing the sensor saw a decline in
their A1c.

A: SWITCH was designed to address the question of SAP vs. pumping; it suggests that there is a difference
between them.

Q: I have two questions. In the initial randomization between MDI and SAP, did the MDI
patients get as much contact and education as the SAP group?

A: I was not part of the Eurhythmics team, so I am not sure how randomization worked. I can say that when
MDI patients started SAP in our clinic, they got the same education as the SAP group in the Eurhythmics trial.

(Eurhythmics Investigator): We used much more time to train the SAP patients compared to MDI - it was
obvious that we needed to train them.

Q: When you switch from MDI to SAP you make two changes. Can you speculate which part of
SAP was more important?

A: To that question I can only refer to meta-analysis by John Pickup, which suggested that both components
have great impact.

GLYCEMIC VARIABILITY IS HIGHER IN TYPE 1 DIABETIC PATIENTS WITH
MICROVASCULAR COMPLICATIONS IRRESPECTIVE OF GLYCEMIC CONTROL (5-OR)

Jan Soupal, MD (Charles University, Prague, Czech Republic)

Dr. Soupal detailed an interesting CGM study comparing glycemic variability in type 1 patients with and
without microvascular (MVC) complications. Thirty-two patients (mean age: 43 years, mean A1c: 9.5%,
mean duration of diabetes: 19 years, n=16 with MVC) wore blinded CGM for two weeks and performed at
least four fingersticks per day. There were no significant differences in baseline criteria between patients
with and without MVCs. Glycemic variability (SD, MAGE) calculated from CGM was significantly higher in
type 1 diabetes patients with retinopathy (p=0.02), microalbuminuria (p=0.035), and impaired vibration
perception threshold (p=0.01). Moreover, patients with any MVC had significantly higher glycemic
variability than patients without complications, although they didn't differ in glycemic control (p=0.019). Of
course, this data is merely correlational and does not demonstrate that higher glycemic variability caused
the complications. Nevertheless, we do think it is interesting and we wish that a real trial could be done
long-term that would show the impact of glycemic variability on long-term outcomes. In our view, most
notable was that when glycemic variability was calculated using SMBG data from the study, these
relationships did not hold. At past conferences, we've often seen SMBG data used to calculate glycemic
variability statistics, though we've heard a few speakers characterize this as inappropriate; Dr. Soupal's
analysis may indeed suggest it is questionable, since patients may be paying more attention to their blood
glucose when they know they will be tested. Overall, we're glad to see increasing focus on these issues and
we look forward to prospective glycemic variability studies like Dr. Irl Hirsch's FLAT-SUGAR, which could
turn out to be a landmark study in some years from now.

Questions and Answers

Q: Complications take years to develop. Many become born again diabetics when
complications show up. Did you look at historical values?
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A: That's an important limitation of each observational, case control study. We don't know the past. It was a
limitation of this study and we have to think about it. This study should be considered for a larger study. It
should be multicenter and obtain a lot of patients. It must be prospective. That's the only way to get definitive
results - does glycemic variability really increase the risk of microvascular complications. We can demonstrate
correlation, but not causation.

Q: Did you do subgroup analyses? Was there a significant correlation with high A1c patients?

A: We did multivariate analyses but it didn't affect the results. The group of patients was very homogenous.

Q: Did you adjust the models for A1c?

A: Yes, we did multivariate analysis.

PERFORMANCE OF A MICRODIALYSIS-BASED CONTINUOUS GLUCOSE MONITORING
(CGM) SYSTEM (6-OR)

Eric Zijlstra, PhD (Profil Institute for Metabolic Science, Neuss, Germany)

Dr. Zijlstra presented the results from a 10-48-hour study of an intravenous microdialysis-based CGM in 21
healthy individuals. The system achieved an MARD of 9.4% and 91.4% of points in the Clarke Error Grid
Zone A. Calibration occurred once per day and the glucose range was 42-267 mg/dl. An advantage of the
system is that there is no blood loss to the patient. The accuracy looks decent, but nowhere approaching the
Dexcom/Edwards GlucoClear2 data we saw at ATTD (MARD of 5.2%).

▪ Dr. Zijlstra described the intravenous microdialysis-based CGM used in the study,
which measures glucose every one to two minutes without blood loss. To use the
microdialysis unit, a standard blood catheter is inserted into the vein of the forearm. For each
measurement, the system automatically draws blood into the sampling line. Glucose from the blood
diffuses over a thin membrane, is perfused with saline solution, and transported to a glucose sensor
for monitoring. The blood is then flushed back and returned to the patient. A glucose value is
recorded every one to two minutes.

▪ The accuracy and reliability of the CGM was assessed in 21 healthy volunteers (mean
age: 29 years, mean BMI: 23.7 kg/m ). Experiments were generally ten hours long and four2

volunteers did 48 hours. The glucose sensor was calibrated once every 24 hours. The system was
calibrated before the experiment using a two-point calibration. Reference blood samples were taken
manually and analyzed using a laboratory glucose analyzer every 10-60 minutes. The volunteers
consumed meals or glucose was administered orally or intravenously to analyze the accuracy of the
CGM system over a range of blood glucose concentrations.

▪ The system achieved a mean absolute relative deviation of 9.4% (n=1796 matched pairs;
glucose range of 42-267 mg/dl). Mean absolute deviation was 10.7 mg/dl. At glucose values <75 mg/
dl, 94.6% of points were within 15 mg/dl. For glucose values >75 mg/dl, 90.4% of points were within
20% of reference. A Clarke Error Grid Analysis showed 91.4% of points in Zone A, 8% in Zone B,
0.6% in Zone D, and 0.1% in Zone E.

Reference BG N Mean Absolute
Deviation

Mean Absolute
Relative Deviation

All (42-267 mg/dl) 1796 10.7 mg/dl 9.4%

<70 mg/dl 191 6.7 mg/dl 11.0%

70-180 mg/dl 1519 9.6 mg/dl 8.8%

>180 mg/dl 154 25.9 mg/dl 12.6%
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48 hours (53-184 mg/
dl)

367 8.2 mg/dl 7.8%

Questions and Answers

Dr. Bruce Buckingham (Stanford University, Stanford, CA): Is there a lag with this system?

A: There's a little lag time due to the transportation of the sample to the sensor. Probably two minutes lag
time.

Dr. Steven Russell (Massachusetts General Hospital, Boston, MA): How did you avoid blood
clotting?

A: In this setup, the microdialysis is integrated into the sampling line. We had two-way pumps. The pump
would draw blood for 30 seconds and then flush. The microdialysis membrane would be flushed after every
measurement.

Q: These were healthy subjects. Did you induce hypoglycemia?

A: Yes, we did induce hypoglycemia.

Q: How much dialysate was done every day? Is this a glucose oxidase sensor?

A: Yes, it's glucose oxidase. On the amount of dialysate, I'm not sure. It's relatively little. I think on average
100-125 microliters per minute.

Oral Sessions: Expanding the Domains of Diabetes Education

IMPACT OF A POCKET INSULIN DOSING GUIDE ON UTILIZATION OF BASAL/BOLUS
INSULIN BY INTERNAL MEDICINE RESIDENT PHYSICIANS (77-OR)

Michael Jakoby, MD, MBA (Southern Illinois University School of Medicine, Springfield, IL)

Dr. Jakoby discussed Southern Illinois University's efforts to distribute a pocket insulin-dosing guide among
internal residents, to increase the appropriate use of basal/bolus insulin therapy (as opposed to sliding scale
insulin therapy, which Dr. Jakoby found was used in 90% of patients in the Carle healthcare system in
Urbana, IL - scary!). A pilot program including all internal medicine residents began in November 2010,
and an eight-month extension study began in July 2011 (when new internal medicine interns arrived and a
second staff presentation on the guides was given). Compared to historical controls (November 2009 to
October 2010), distribution of the pocket guides significantly increased basal-bolus insulin prescriptions by
2.5-fold on average. This change appeared durable, though the highest rates of prescription seemed to occur
after the staff presentations in November 2010 and July 2011. No increase in hypoglycemia was observed,
and glycemic control among patients that had spent several days in the hospital was better following the
introduction of the guide. Also following the guide, statistically non-significant improvements were seen in
length of stay (4.8 vs. 5.7 days, p=0.08). Next steps include refining the card's orders (no modifications were
made during the study itself, to preserve the integrity of the data), increasing acceptance of the system
among physicians and other clinicians at SIU and beyond, and developing a computer-based algorithm
based on the card (Dr. Jakoby noted that pocket-based guides are not as useful in this modern age, when
physicians input orders via computer and thus rarely reach into their pockets for pens).

Questions and Answers

Q (Physician from the UK): Do I understand that for patients that come in on oral
hypoglycemics, you would recommend they go on basal-bolus insulin in the hospital?

A: Unequivocally. We have different philosophies on different sides of the Atlantic. Dr. Umpierrez at Emory
and Dr. Baldwin at Rush have shown that patients are better managed on insulin than on orals.

Q: Do you think your junior doctors are safe enough?
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A: When we give them tools, they are certainly not as successful as the other authors I've cited, but there was
steady improvement over time without an increase in hypoglycemia. I would posit that our results show house
staff can be trained to manage diabetes with reasonable efficacy.

Q: We did a snapshot day where we looked at all people in hospital; glycemic control for those
on insulin was a very big problem. This is across the whole of England, with 12,000 patients. I
have concerns about our current use of insulin regimes in the UK; that is all I will say. I hope
you are doing better.

A: We have a database of about 1,200 patients and data from my time at the University of Illinois and
Champaign-Urbana, and we are teasing this issue out. With regard to patients that remain on sulfonylureas,
they have actually higher rates of hypoglycemia than those on basal-bolus insulin.

Q: I appreciate your study of one area where failure can occur, residents. What about the
nursing staff? Sometimes the basal insulin will be incorrectly held because glucose is normal.
Have you factored that in?

A: We did not. We will go back and look at that. Obviously successful inpatient management depends on
many factors. We have a team with an NP, educator, dietitian; we are tracking that and finding better
compliance. Another problem we identified is poor coordination between delivery of trays and prandial
insulin dosing. Tray deliverers often drop off the tray and then run to the next patient without notifying
nurses that the tray has arrived. We will be trying a new system to link the processes better.

Q: What regimes are patients going home on? Did you look at all at readmission at patients
that had used this kind of dosing?

A: We are fairly aggressive about sending patients home on basal-bolus insulin. We sent about 85% home on
basal-bolus insulin and tracked them with the Carle Clinic system. We found compliance was very high and
A1c improved from 8.1% to 7.2% over three months. (Editor's note - wow!) As mentioned earlier in the
session, there is nothing like a severe acute illness to clarify someone's thinking, and a lot of downtime during
the day in the hospital can be used for education.

Q: Is this analysis published anywhere?

A: That is next on the agenda.

Q: We tried a similar pocket dosing guide but found we had to keep updating the card - for
instance, to include specific guidance on renal failure.

A: We had instructions for how to handle patients with renal failure on the order set but not card; we will
change this in version 2.0, but for the integrity of the study we kept the card the same throughout the study
duration. Implementing the dosage guide more widely will be challenging - we have to convince a variety of
groups that it is in their self-interest. So first we are trying to demonstrate success at SIU.

EDUCATOR USE OF MASKED CONTINUOUS GLUCOSE MONITORING DEVICE (CGM) IN A
CLINIC POPULATION OF YOUTH WITH TYPE 1 DIABETES (T1D) (75-OR)

Kerry M. Milaszewski, BS, RN, CDE (Joslin Diabetes Center, Boston, MA)

Kerry Milaszewski analyzed the A1c-lowering effects of a blinded CGM intervention among youth with type
1 diabetes (n=122; mean age 14 years, A1c 8.5%, 61% pumpers, diabetes duration 7.5 years). During their
three-days of blinded CGM use, patients and their families also maintained a log of glucose values, insulin,
food, and activity. Based on the log and the sensor data, Joslin clinicians gave patients therapeutic
recommendations (mean 3.1 recommendations per patient). Although no significant A1c effect was seen in
the population as a whole two-to-three months later, 39 patients improved their A1c by at least 0.5%.
Compared to those with lesser benefits, these 'responders' were older (15.5 vs. 13.9 years), with longer
diabetes duration (8.7 vs. 6.9 years) and higher baseline A1c (8.9% vs. 8.2%). Improvement was especially
likely among those that received the recommendation to use advanced bolus techniques and/or to attend to
active insulin - these people were fourfold likelier to improve significantly. Notably, advanced bolus
techniques were taught to both pumps and MDI users - mode of insulin delivery did not correlate with
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success in the Joslin intervention. We would have been interested to see follow-up CGM data on other
glycemic measures besides A1c (e.g., hypoglycemia, hyperglycemia, glycemic variability) - as suggested
during Q&A, the three-day wear intervention may well have improved patients' time in zone even though it
did not influence mean A1c.

Questions and Answers

Q: Did standard deviation get narrower? Did they have less hypo reactions?

Ms. Milaszewski: We did not look at hypoglycemia at all, and I'm not sure of answer in terms of SD.

Oral Sessions: Can We Rein in the Costs of Diabetes with Better Diabetes Care?

SELF-MONITORING BLOOD GLUCOSE TEST STRIP UTILIZATION IN CANADA (132-OR)

Jason Yeaw, MD (IMS Consulting Group, Redwood City, North Carolina)

Dr. Yeaw presented his study of blood glucose test strip utilization in Canadian diabetes patients with insulin
injections. The study found that the average Canadian with diabetes on insulin injections uses 1,094 test strips
per year (~three per day), which cost $860 Canadian dollars. Test strips on average make up 41.6% of total
diabetes-related pharmacy costs.

▪ The Canadian patients in this study averaged three test strips per day. (We note that this
meets the ADA's recommendation that MDI users test three or more times daily.) The average cost
per strip was $0.79 CAD. As described by Dr. Yeaw, the study used IMS Brogan drug plan data for
the period of July 1, 2006 to June 30, 2010, and only considered patients who were expected to self-
monitor blood glucose. The study included 142,551 patients with type 1 or 2 diabetes who had at
least two prescriptions of insulins (basal only, basal-bolus, bolus only, or premix).

Number of
Subjects

Number of
test strips
per patient
per year

Mean annual test
strip cost per
patient (Canadian
dollars)

Test strips as a
proportion of total
diabetes-related
pharmacy cost

Overall 142,551 1,094 $860 41.6%

Basal 45,003 935 $740 33.7%

Basal-bolus 38,553 1,324 $1,056 41.5%

Bolus only 43,470 1,413 $1,112 52.8%

Premix 15,525 890 $678 41.4%

Questions and Answers

Q: Can you tell us anything about how the strips are actually used in the patients who are only
using basal insulin? Have you had focus groups, conversations with providers, etc., to look at
what strips are used for?

A: I agree this is a helpful extension to this study and a good future project.

Q: In Europe, it's about one Euro also per strip. In Canada you pay almost one dollar. How can
we push for better or lower prices?

A: We really don't have an idea why the price is what it is. The technology is indeed no longer new or complex.
The price does seem fairly uniform across the world, though.

Q: Is the share of costs similar in the US? Is there any effort to rein that in? 30-40% seems very
high.
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A: Yes, I remember that a study in the US showed that the costs of strips there is also in the 30-40% range Of
course, the percentage is of diabetes pharmacy costs, which are basically test strips and insulins. I'm not
aware of any current endeavors to rein in the costs of blood glucose test strips.

Posters

ACCURACY AND ACCEPTABILITY OF THE 6-DAY ENLITE CONTINUOUS SUBCUTANEOUS
GLUCOSE SENSOR (30-LB)

Timothy Bailey, Ronald Brazg, Mark Christiansen, Andrew Ahmann, Robert Henry, Satish
Garg, Elaine Watkins, Francine Kaufman

This poster reported results from the pivotal six-day trial of Medtronic's Enlite CGM sensor, which was
conducted at seven US research centers and enrolled 90 adults with type 1 (n=65) or type 2 (n=25) diabetes.
For the 61 patients that wore the Enlite for the full six days, accuracy data were reported from the trial's
frequent sample testing (FST) periods - i.e., roughly 12-hour in-clinic visits on days one, three, and six when
YSI reference blood glucose values were taken. Two calibration regimes were compared: "actual use
calibration" (three-to-four prescribed calibrations per day, mean calibration frequency 2.8±0.9 per day)
and "minimal calibration" (calibration prescribed every 12 hours, mean calibration frequency 1.2 ± 0.9 per
day). Accuracy results appeared slightly better with the actual use calibration than the minimal calibration
(MARD 13.6% vs. 14.7%; consensus error grid A-zone 86% vs. 81%) and when calibration occurred during a
glucose rate of change that was slow (<1 mg/dl) rather than rapid (≥2 mg/dl) (MARD 13.6% vs. 16.3%). We
thought these accuracy results were favorable overall, though we are uncertain if sensors were calibrated
prospectively or retrospectively (we assume the former but the poster did not specify). Mean responses to a
seven-point-scale survey indicated that study participants had favorable views on the Enlite's ease of
insertion (5.9), comfort (6), and ease of use (5.8), and patients also reported high likelihood of
recommending the sensor to others (5.8).

▪ The pivotal trial of the 6-day Enlite continuous glucose monitoring (CGM) sensor
enrolled 90 adults with diabetes (65 with type 1 and 25 with type 2 diabetes; mean age
44 years, range 18-71 years) wearing one to two sensors on their abdomen. Sixty-one of
the 90 participants wore Enlite sensor(s) on their abdomens for six days, while 29 patients only
wore buttock sensors. The poster only considers data from the 61 patients who wore abdominal
sensors. Of this group, 29 wore two abdominal sensors simultaneously and 32 wore one abdominal
sensor.

▪ This poster described results from clinic visits for frequent sample testing (FST),
which occurred on days one, three, and six, lasted roughly 12 hours each, and
included intentionally induced hypo- and hyperglycemia. Sensors were calibrated either
three-to-four times per day ("actual use calibration") or every 12 hours ("minimal calibration"), and
calibration could occur even during rapid glucose changes. (We are not sure whether calibration was
conducted retrospectively or prospectively.) A Yellow Spring Instruments (YSI) analyzer was used to
collect reference plasma glucose values every 15 minutes and every five minutes if blood glucose <75
mg/dl. A 0-5 minute (left inclusive and right exclusive) window was used for sensor values paired
with YSI values.

▪ Accuracy during FST was reported in terms of mean absolute relative difference
(MARD), defined as the mean absolute difference between paired sensor glucose and blood glucose
values (MAD) divided by the mean blood glucose, with the result multiplied by 100% to give a
percentage. The poster also included data on bias, defined as the mean difference between paired
sensor glucose and blood glucose values. The standard deviations for MARD and bias were
calculated per paired point.

▪ Performance data during FST were broken down by a variety of categories, as shown
below. Accuracy with minimal calibration (mean MARD 14.7%, mean bias -2.4 mg/dl) was only
slightly lower than with actual use calibration (mean MARD 13.6%, mean bias -1.2 mg/dl). We see
this result as encouraging, since many patients' real-world use may be more similar to the minimal
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calibration regime (1.2 calibrations a day, rather than 2.8 for the actual use condition). Regardless of
calibration condition, MARD during FST was lower on day three than either day one or day six. As
for glucose ranges, MARD was greatest during hypoglycemia and MAD was lowest, as would be
expected. The standard deviation of bias was quite high (above 25 mg/dl overall, for each calibration
condition), which we interpret to mean that some sensors were consistently biased high and others
were consistently biased low. The high variation in bias was in line with Dr. Steven Russell's
comments during his ADA 2012 presentation about a head-to-head study of next-gen CGM sensors
(4-OR). As a reminder, Dr. Russell said that several Enlite sensors in his group's study were outliers
with much higher MARD than usual, and he added that Medtronic engineers think this problem can
be addressed with an improved algorithm.

▪ By rate of change (ROC) between SMBG calibrations, during FST

Slow Moderate Rapid

Glucose ROC (mg/dl/
min)

<1 1 to <2 ≥2

n 5,745 1,282 381

MARD, % (mean ± SD) 13.6 ± 13.9 12.9 ± 11.8 16.3 ± 14.8

MARD, % (median) 10.1 9.6 12.9

▪ By day, actual use calibration (calibration frequency 2.8±0.9/day), during FST. Consensus
error grid scores for all actual-use-calibration data pairs were as follows: 86% A, 13% B, 1.1% C, 0%
D.

Day 1 Day 3 Day 6 Overall

MARD,

%

Bias,

mg/dl

MARD,

%

Bias,

mg/dl

MARD,

%

Bias,

mg/dl

MARD,

%

Bias,

mg/

dl

Mean ±
SD

15.9 ±

14.9

-0.3 ±

28.3

11.8 ±

10.9

0.9 ±

22.8

13.2 ±

14.4

-4.3 ±

34.3

13.6 ±

13.6

-1.2

±

28.9

Median 12.2 0.5 9.1 1.5 9.6 1 10.1 1

▪ By day, minimal calibration (calibration frequency 1.2±0.9/day), during FST.
Consensus error grid scores for all minimal-calibration data pairs were as follows: 81% A, 17% B,
1.3% C, 0.1% D.

Day 1 Day 3 Day 6 Overall

MARD,

%

Bias,

mg/dl

MARD,

%

Bias,

mg/dl

MARD,

%

Bias,

mg/dl

MARD,

%

Bias,

mg/

dl

Mean ±
SD

15.3 ±

14.0

0.3 ±

27.8

13.4 ±

11.6

-0.2 ±

27.1

15.5 ±

15.4

-7.8 ±

43.1

14.7 ±

13.7

-2.4

±

33.3

Median 11.6 -0.3 10.6 2.5 10.4 1 10.8 1
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▪ By glucose range, actual use calibration, during FST. The percentage of sensor readings
during the in-clinic portion broke down as follows: 9.6% (<75 mg/dl), 53.3% (75-180 mg/dl), and
37.1% (>180 mg/dl).

YSI
Reference
Range

MARD, % MAD, mg/dl Bias, mg/dl

Mean ± SD 17.4 ± 17.9 10.8 ± 10.9 5.6 ± 14.3≤75 mg/dl

Median 13.5 8.5 4.4

Mean ± SD 12.6 ± 12.0 15.3 ± 14.9 2.3 ± 21.2>75-180 mg/
dl

Median 9.4 11.3 2

Mean ± SD 12.0 ± 11.0 31.0 ± 31.6 -12.6 ± 42.5>180 mg/dl

Median 9 22 -9

Mean ± SD 13.6 ± 13.6 18.7 ± 22.0 -1.2 ± 28.9Overall

Median 10.1 12 1

▪ By glucose range, minimal calibration, during FST

YSI
Reference
Range

MARD, % MAD, mg/dl Bias, mg/dl

Mean ± SD 18.4 ± 15.8 11.5 ± 9.6 3.2 ± 14.6≤75 mg/dl

Median 14.9 9.4 1.8

Mean ± SD 14.2 ± 12.4 17.3 ± 15.1 2.2 ± 22.8>75-180 mg/
dl

Median 10.7 13.2 3.5

Mean ± SD 12.8 ± 13.4 32.8 ± 38.4 -12.7 ± 48.9>180 mg/dl

Median 8.4 21 -5

Mean ± SD 14.7 ± 13.7 21.0 ± 26.0 -2.4 ± 33.3Overall

Median 10.8 13.5 1

▪ Mean responses to a 30-question survey indicated patient satisfaction across all four
of the domains assessed (on a scale of 1 to 7): ease of insertion (5.9), comfort (6), ease of use
(5.9), and likelihood of recommending Enlite to others (5.8). The poster included a table of
representative statements and responses ranging from 1 ("strongly disagree") to 7 ("strongly agree").
In the absence of comparison to Medtronic's Sof-sensor and/or another sensor, these results are
somewhat difficult to interpret, but attitudes certainly seem to be favorable overall.

Statement n Mean SD Median

The sensor was comfortable under my skin. 89 6.0 1.4 6
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I did not feel the sensor underneath my skin 89 5.8 1.7 7

The sensor was easy to remove from my skin 89 6.3 1.2 7

The sensor started up reliably 89 6.1 1.3 7

The sensor performed well on the final day 88 5.7 1.8 6

The sensor insertion device was easy to use 90 5.7 1.5 6

Sensor insertion was pain-free 90 5.5 1.7 6

I like that I do not have to see the needle 90 4.7 1.8 4

I like that the retractable needle protects me from

injury

90 5.9 1.2 6

Meet the Expert Sessions

CONTINUOUS GLUCOSE MONITORING CHALLENGES

Howard Wolpert, MD (Joslin Diabetes Center, Boston, MA)

Dr. Wolpert gave a whirlwind tour of interpreting CGM downloads and insulin delivery data, including an
excellent handout illustrating his tips, thought process, and what he sees most commonly in his patients
(those interested in a copy can email him). Dr. Wolpert had a number of recommendations for clinicians to
"make sense" of CGM reports, including: (1) identifying frequent hyperglycemia/hypoglycemia excursions
and occurrences of variability using the hourly glucose statistics report; (2) checking for rebound
hyperglycemia due to reduced basal rates or overreaction to CGM lag time; (3) evaluating whether boluses
are sufficient to correct hyperglycemia; (4) checking to see if delayed infusion set changes are contributing
to high or erratic glucose; and (5) identifying early/late postprandial hyperglycemia due to meal content
and bolus timing. For optimizing alarm thresholds, Dr. Wolpert recommended a two-step process: deciding
on initial settings (usually a conservative 55-60 mg/dl for lows and 250 mg/dl or more for highs) and
refining them over time to optimize benefits. We were struck by the number of examples that required both
CGM and insulin delivery data - in addition to Medtronic's pumps and well-regarded CareLink software,
we look forward to more integrated systems coming to market from Insulet/Dexcom, Animas/Dexcom,
Tandem/Dexcom, and Roche/Dexcom.

▪ Hourly glucose statistics reports can "give important insights into highs and lows." Dr.
Wolpert showed the Dexcom Hourly Statistics report, which summarizes two or more weeks of data
into 24 hourly bars with mean, median, and 25-75 percentile glucose values. Dr. Wolpert firstth

recommends drawing in target thresholds (e.g., 80 mg/dl and 180 mg/dl). Then, one can clearly see
where hourly bars exceed the threshold lines, indicating frequent occurrences of hypoglycemia and
hyperglycemia. The report is also useful for identifying times of the day where there is high
variability, prompting a discussion with the patient on contributing factors. Finally, if an HCP
identifies frequent hyperglycemia, then he or she can easily look at the following period to assess for
subsequent hypoglycemia. If there is none, the insulin dose can be safely increased.

▪ CGM data can help identify some of main reasons for exaggerated rebounds from
hypoglycemia: patient overreaction to CGM lag time and temp basals/pump
suspensions. Dr. Wolpert showed the Medtronic Quick-View summary, which combines
fingerstick, CGM, and insulin delivery data. In one example, hypoglycemia consistently prompted a
patient to reduce his basal rates, resulting in a marked hyperglycemic rebound. Dr. Wolpert
characterized this behavior as "a common practice in CGM users that leads to glycemic variability."
Turning to lag time, he explained that many patients treat a low with carbs, see no upward trend on
the CGM, and eat further carbs. The problem is compounded by neurocognitive function, where
patients continue to "feel" low (and the CGM continues to read low) even though their glucose has
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normalized. To prevent this type of rebound hyperglycemia, Dr. Wolpert recommends patients take
a fingerstick before eating more carbs.

▪ Looking at a patient's basal/bolus proportion and the frequency of infusion set
changes is also helpful to drill down into causes of hyperglycemia. Dr. Wolpert again used
the Medtronic Quick-View summary to illustrate how insulin delivery data and CGM data can be
mutually informative. He showed what to look for when patients under-bolus despite persistent
hyperglycemia. Reasons for this behavior might include fear of hypoglycemia and concerns about
weight gain. Dr. Wolpert specifically mentioned a study from Drs. Bill Polonsky and Barbara
Anderson conducted in Joslin waiting rooms. One-third of women surveyed acknowledged
intentionally under-dosing insulin due to concerns about weight gain. Turning to infusion set
changes, Dr. Wolpert explained that delayed replacement of infusion sets is sometimes a "common
cause of high/erratic glucoses and is a teachable moment!" If this is the case in certain patients, Dr.
Wolpert recommends changing sets more regularly.

▪ Key steps in the initial CGM/pump download review:

◦ 1. Check priming history to assess frequency of infusion system change

◦ 2. Check bolus history to detect possible missed meal boluses ("surprisingly common")

◦ 3. Check percentage of basal to bolus insulin.

◦ If frequent hypoglycemia with basal > bolus, it may indicate that bolus doses are
frequently being missed.

◦ If frequent hyperglycemia with basal < bolus, it may indicate that basals are too
low.

◦ If frequent hypoglycemia with basal > bolus, it may indicate that high basals are
contributing to hypoglycemia.

◦ If frequent hypoglycemia with basal < bolus, it may indicate that excessive
boluses are contributing to hypos.

◦ 4. Check for pump suspension or basal rate reduction.

▪ "When it comes to optimizing post-breakfast control, it comes down to looking at the
food." CGM can offer excellent insights into early and late postprandial hyperglycemia - common
causes include meal type (carb and fat content) and bolus timing. Dr. Wolpert honed in on the
breakfast period, where patients are more insulin resistant and typically eat high carb content, high
glycemic index meals ("a carb isn't a carb"). He recommends switching to lower glycemic index
carbs, increasing protein/fat content of the meal, bolusing before breakfast (often hard for people to
do in practice), or taking a larger bolus and cutting late-morning basal rates (what we've sometimes
heard characterized as a "super bolus"). The latter allows the tail end of the bolus to cover the late-
morning basal rate, preventing delayed hypoglycemia.

▪ "It's more than just fat delaying gastric emptying. There is a different insulin to carb
ratio for a high fat meal vs. low fat meal." Dr. Wolpert reviewed the importance of dietary fat
on postprandial glucose control, which can increase insulin resistance after a meal. He gave a short
preview of a closed-loop study to be presented at this year's ADA (OR-266). The crossover design
examined the effect of high and low fat meals on glycemic control. A high fat dinner with identical
carb content to a low fat dinner caused more hyperglycemia despite increased insulin coverage by
the closed-loop system. He noted the high degree of inter-individual variability as well - one patient
needed twice as much insulin for a high fat meal with an identical carb load to a low fat meal. With
this in mind, Dr. Wolpert recommends obtaining a diet history and focusing specifically on fat
intake. Foods like peanut butter and cheese - traditionally characterized as "free foods" for type 1s -
"can cause big problems."

▪ "Setting alarm thresholds on the sensor are like setting basal rates on the pump." Dr.
Wolpert emphasized that the goal is to "derive benefit, but reduce the risk for alarm/sensor burn-
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out." When patients first start on CGM, he called for setting conservative initial alarm thresholds:
55-60 mg/dl for lows and 250 mg/dl or more for highs (80 mg/dl or higher as a low alarm for those
with severe hypoglycemia or hypoglycemia unawareness). This step should be followed by further
tightening and refinement as necessary. Key questions to remember at follow-up include: Did the
alarm alert the patient of all low and high glucoses? Did the patient hear/feel the alarm? How many
false alarms is the patient experiencing?

Optimizing Hi Alarm Threshold Optimizing Low Alarm Threshold

If fasting glucoses are often high, but no

overnight high alarm:

(1) Check whether the patient hears/feel the

alarm

(2) Decrease the Hi alarm threshold.

If frequent hypos but no low alarm:

(1) Check whether the patient hears/feel the

alarm

(2) Increase the Lo alarm threshold.

If the Hi alarm threshold is going off too often

and frequently when glucose is not high:

(1) Increase the Hi alarm threshold or snooze

duration to minimize repeat alarms.

If the Low alarm threshold is going off too

often and frequently when glucose is not low:

(1) Decrease the Low alarm threshold

Questions and Answers

Q: Do you recommend a 50/50 split between basal and bolus?

A: That's somewhat of a generalization. It's valuable as a starting point, but patients are individuals and you
need to get a sense of where a particular problem area might be. Some patients are highly sensitive in the liver
and their basal requirements are quite low. I don't look at it as a treatment endpoint at all. It's a starting point
for defining where problem areas are.

Q: Is there a way on the report to see how long the temp basal or suspend is? Or how many are
being done?

A: On the new version of the Medtronic Professional, there's a column that outlines how many times a person
is suspending. Otherwise, you need to look at it on a day-by-day basis.

Q: Do you recommend suspension of the pump for exercise?

A: In practice, that's a nice feature of pumps. It gets around the issue of weight gain and is one of the
advantages of pump therapy vs. MDI - people can reduce their caloric intake around exercise. But you must
consider the type of exercise. Isometric exercise gives a big epinephrine surge, and you don't need a reduction.
It's mainly for just aerobic exercise. With insulin pumps, you have a depot of insulin when you suspend
insulin delivery. It can take 30-60 minutes for insulin levels to decline. In those without diabetes, insulin
drops very quickly. While you can suspend the basal with pump therapy, to mimic normal physiology is quite
complicated. Patients must suspend their basal 30-60 minutes ahead of exercise. The other side of
suspending pumps with exercise is the post-exercise period. Some patients rebound up quite high from
unrestrained hepatic glucose production. They might need a mini bolus right after exercise. The two main
clinical issues are then early basal suspension and to what extent they need a bolus after.

Q: With the fat, is it a combination of duration and total insulin?

A: That's what the data suggest. My co-investigator Gary Steil is modeling the data and coming up with an
optimized bolus delivery pattern. People need more insulin. The confound is there are different effects of
different fats. Saturated fats are more of a culprit here. But with some patients eating salad dressings with
vegetable oil, we still see this late postprandial hyperglycemia.

Q: What about protein?

www.closeconcerns.com 44



A: The literature on that is somewhat mixed in terms of protein's effect on glucose control. Mechanistically,
the amino acids could trigger glucagon release. Or there are more gluconeogenic acid substrates. We didn't
formally study that.

Q: Are there clinical studies on the type of bolus for high fat meals?

A: There have been studies on coverage of pizza and the type of bolus delivery pattern. That was more relating
to delayed gastric emptying. There are no studies looking at bolus amounts. Diabetes Tech and Therapeutics
reported an article on bolusing that incorporates fat and protein. It was out of Poland. But it was not a
crossover study design. The practical confound is inter-individual variability.

Symposium: Continuous Glucose Monitoring - Practical Aspects

COST AND COVERAGE ISSUES

Michael J. O'Grady, PhD (NORC, Bethesda, MD)

Dr. O'Grady gave a very valuable talk on CGM reimbursement, brilliantly integrating clinical knowledge
with clear expertise in cost effectiveness. He explained the two major cost effectiveness analyses ($/QALY
and budgets), noted the levels established in the JDRF CGM Trial, and showed how payer coverage policies
are generally based on that data. One major theme from his talk was that not all CGM manufacturers are
created equal, and those who can drive down costs (especially with longer sensor wear) will have stronger
leverage with insurers. He also noted that "we're moving from the clinical side to the cost side" with CGM -
usually, this move of medical devices is accompanied by lower efficacy in the real world and thus worst cost
effectiveness. However, Dr. O'Grady, believes CGM may be the opposite - if sensors can get down to a cost of
two fingersticks per day, they would be cost saving. In that case, "Insurance companies will hug and kiss
you on the cheek." Certainly something to hope for as the new generations of sensors are being developed.

▪ Major coverage decisions from payers have generally tracked data from the JDRF
CGM trial. Aetna and United cover all patients with type 1 diabetes >25 years and those <25 years
with recurrent severe hypoglycemia. CIGNA covers type 1s not achieving optimal control or
experiencing hypoglycemia unawareness. He highlighted that these are three of the five largest
payers in the US. Medicare does not cover CGM for type 1s, though Dr. O'Grady explained that
appeals with lots of documentation can be successful.

▪ "Not all manufacturers are created equal." Dr. O'Grady reviewed the different thresholds for
the manufacturers shown below, explaining that companies who bring technologies at a lower cost
and similar efficacy will have more pull with payors. "If you're Aetna, you start the discussion with
manufacturer #3," although that "doesn't mean you don't cover #1 and #2." Dr. O'Grady suggested
later in the presentation that longer sensor wear drives costs down, so we would broadly speculate
that #1 is Abbott (five-day wear), #2 is Medtronic (three-day wear), and #3 is Dexcom (seven-day
wear) in the below table. Dr. O'Grady also pointed out that the mean cost effectiveness ratio is just
barely less than $100,000 per QALY (the rule-of-thumb threshold in the US and far below the NICE
criteria in the UK of £20,000 pounds/QALY ($30,600).

From the CGM Cost Effectiveness Analysis

Manufacturer
#1

Manufacturer
#2

Manufacturer
#3

Mean

Total Daily Cost $13.85 $16.71 $9.89 $13.48

Incremental Cost Effectiveness Ratios from the JDRF CGM Trial

Manufacturer
#1

Manufacturer
#2

Manufacturer
#3

Mean
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Cohort #1
(A1c >7% and age

>25)

$100,970 $130,060 $68,051 $98,679

Cohort #2
(A1c <7%)

$78,318 $97,026 $57,170 $78,943

▪ Insurers ~85% share of the cost of CGM suggests manufacturer discounts may sway
coverage decisions. Dr. O'Grady showed a slide with the typical CGM claims for a 90-day supply
of sensors The billed amount is $1,380 and insurers receive a 39% discount over retail. Of the
remaining $840, the insurance company picks up 85% of the cost ($714) and the patient pays 15%
($126). According Dr. O'Grady, "You can see that this is going to get their attention." He suggested
that the discounts offered by manufacturers may drive payers to choose one manufacturer over
another.

▪ The length of sensor wear "makes a tremendous difference in cost." Dr. O'Grady showed
an analysis using data from manufacturer #3 in the aforementioned table. By switching the sensor
site every seven days, it costs $9.89 per day for a 90-day supply. However, switching the site every
14 days brings it down to $5.38 per day. He emphasized repeatedly that that was just based on
anecdotal reports and he is not publishing this data. As a reminder, Dexcom noted in their 1Q12
earnings call that they will pursuing extended durability claims for the G4 sensor (see page five of
our report at http://diatribe.us1.list-manage.com/track/
click?u=8855a320a24ebfbc0280ac3e1&id=82f2e85bda&e=b47ef0a822). The current version is for
seven-day wear. Medtronic's new Enlite sensor is six-day wear. We're not sure about Medtronic's
plans for longer durability, though we assume they are working on it.

▪ Dr. O'Grady believes CGM has the potential to be cost saving in the long run. He showed
a comparison between the incremental cost effectiveness ratios of two fingersticks per day (ratios of
-$1,494 and -$15,725) and use of CGM according to the label ($98,679 and $78,943 from the mean
values in column three of the bottom table above). Two fingersticks per day were actually cost
saving, suggesting that if they are inexpensive enough, sensors could be too. Dr. O'Grady
emphasized that it's "very rare" to see cost saving interventions and this would be very powerful and
persuasive for payors and Congress.

▪ "There are reasons to believe that CGM may be more cost effective than in the peer
reviewed literature" - we need different analyses moving forward. Dr. O'Grady believes
we need more real-world evidence of CGM's benefits beyond anecdotal accounts. He was especially
in favor of claims analyses to track patient use.

▪ The two major cost effectiveness analyses (cost per QALY and budgets) help give
decision makers a better idea of the return on investment for a particular
intervention. Dr. O'Grady explained that in the US, the general threshold for reimbursement is
$100,000 per quality adjusted life year, while the "Brits are the hardest" at £20,000 pounds/QALY
for the NHS ($30,600). The other criteria typically used by the federal government is budget and
cost estimates. Such analyses project a spending stream under a current and proposed alternative.
Notably, quality of life is not considered in these analyses and they are typically ten-year estimates.
Dr. O'Grady explained that this is problematic for a disease like diabetes, where offsetting savings
from avoiding complications is probably delayed beyond ten years. Medicare estimates go out 75
years, which he believe should be taken with "a grain of salt."

Questions and Answers

Q: In the UK, there are a few cases where you can get NHS reimbursement for CGM. It's for
recurrent hypoglycemia. There is flexibility but it's not great.
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Q: Thanks for your presentation. I'd like to comment on coverage by payers. Many of the payer
in the US are covering people with type 2 diabetes on insulin. Your slide on coverage policies
reflected only type 1s. Many payers are moving into the type 2 world.

A: Good.

Q: Has industry collected data on using sensors for 10-14 days?

A: I don't know. That's a hard one. You can see anecdotal evidence, but we haven't tested this. It is testable.
People are clearly doing it and not noticing a deterioration in accuracy that's encouraging them to switch the
sensor. We know our friends at FDA want 100% accuracy all the time and then you swap out. I don't know if
they've talked to CMS, who must pay for this.

Q: Nice presentation, thank you. Could you educate us on the reasoning for the lack of
coverage of CGM by Medicare? In this day and age, more and more type 1s are in the Medicare
population. We know from the T1D Exchange that it's adults who seem to have a high
prevalence and occurrence of severe hypoglycemia. My mother is 81 and has horrible, brittle
diabetes. She was hospitalized for days at a high cost. This could have been prevented by a
CGM, which she now wears. What do you do in these cases? Is it possible to appeal and get
coverage in cases like this? There is a clear documented need. Why is Medicare not covering
this when the data suggests otherwise?

A: Our fault as investigators is part of it. In the JDRF CGM Trial, we didn't have enough seniors. For
something like a sample size of 20, they are not going to make a national coverage decision. We could have
done better at providing data. But they're still behind the times. They don't think many type 1s make it to
Medicare age. They just have to run the claims. You see how old people are, you see complications, and you
can see how many are billed to type 1 and type 2. The claims indicate, on the actuary side of it, that there are
hundreds of thousands of type 1s that are Medicare eligible. They know this. But that's not on the coverage
side though. That is a real sort of education campaign. This is not just 200 people. It's really hundreds of
thousands of people. As the boomers retire, and god knows they're aware of this, you'll see more and more
every year. You also have people in very tight in control who are 70 years old. Sometimes they have a hard
time loosening up on the tight control. Of course they don't have to worry about blindness in 20 years when
they're 80 years old.

INTERPRETING AND APPLYING THE DOWNLOAD

Bruce Bode, MD (Atlanta Diabetes Associates, Atlanta, GA)

Dr. Bruce Bode gave an outstanding case-based presentation on interpreting CGM downloads and getting
paid to do so. He advocates using a macro-micro approach, first using the modal report (14 days or less) to
look for broad trends and then looking at individual days. In terms of new CGM users, he finds that about
one-third of people figure out CGM on their own and really like it, another one-third really need help and
guidance, and another one-third just stop using it. Dr. Bode also ran through the reimbursement criteria to
interpret CGM downloads and strongly encouraged the audience to get paid to do it. He concluded with six
excellent case studies using the macro-micro approach, which really made download interpretation look
simple, fast, and led to some impressive changes for patients in terms of hypoglycemia, A1c, daily insulin
doses, and weight. The most common themes were using CGM to identify lows throughout the day and highs
after meals. It was really clear that the combination of insulin delivery and CGM data is extremely helpful
in this process, and we certainly look forward to more sensor augmented pumps in the next couple years.

▪ Dr. Bode advocates taking a macro-micro approach to interpreting CGM downloads.
The macro view looks at the big picture to diagnose problem areas. Dr. Bode recommends using the
modal day (14 days or less), meal overlay curves ("are they covering meals?"), and overnight curves
to take a 30,000-foot approach. On the micro front, Dr. Bode delves into individual days, meals, and
other events. These are especially helpful to provide patients with teachable moments. Dr. Bode
highlighted the "very valuable" importance of wear time statistics ("If you wear it, you usually do
well").
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▪ When it comes to CGM, "You must try to get paid for it. We do have codes." Dr. Bode
reviewed the reimbursement criteria for CGM, noting the limitation that an MD, DO, NP, or PA
must interpret the download to get paid for it. He recommends having a CDE do the initial
interpretation and then having an advanced HCP review it, sign off on it, and generate a bill. Dr.
Bode also recommended speaking directly with local carriers.

◦ Interpretation of CGM download (code: 95251) - The report must be generated and
interpreted, it does not require face to face contact, and it requires an MD, DO, NP, or PA.

◦ Technical component (code: 95250) - Includes placement of sensor and training,
does not require high a high level HCP.

◦ CGM is generally accepted under the following codes: diabetes out of control
(250.02, 250.03), diabetes out of control with hypoglycemia (250.82, 250.83), pregnancy
out of control (640.80-84), and insulin pump adjustment (V45.85).

▪ A number of themes emerged from Dr. Bode's concluding download interpretations
from six different case studies. Using the aforementioned approach, Dr. Bode usually
interprets CGM download reports in just five to ten minutes. Three of the cases involved
hypoglycemia, which was easily identified on the modal day report. Dr. Bode either lowered basal
rates or reduced meal coverage depending on when the lows were occurring. Highs after meals were
also quite easy to spot on the modal day report (especially on the Medtronic reports because insulin
delivery and bolus calculator data was included) - Dr. Bode recommended increasing mealtime
insulin doses (though in one case, doing so required a consequent drop in a patient's basal), carb
counting, and pre-meal bolusing. The micro, daily view was particularly helpful for drilling down
into these meal issues. One interesting type 1 patient, a 57 year-old type 1 with a BMI of 36 kg/m ,2

had unexplained hyperglycemia in the morning. The reason was actually caused by sleep apnea and
was subsequently diagnosed and corrected. Overall, A1c typically improved by ~0.5% in most cases
shown, especially solid results given reductions in hypoglycemia.

Questions and Answers

Q: You are an expert in interpreting downloads. What about someone that's new to this?

A: If someone is new, they should come back to see a specialist. I will also spend longer with new patients and
teach them how to upload at home. We encourage everyone to upload at home. Looking out to CDEs, if you
don't bill for it, you'll never get paid. Insurance companies love it when you don't bill, but you've got to bill
them to teach them to pay for this.

Q: Do you ever use blinded CGM? And do you use dual wave boluses?

A: I'm more of a believer in real-time CGM. I do use professional real time and we bill accordingly for that. We
use masked CGM all the time in trials. We have multiple ongoing trials with masked CGM. There are pros and
cons to both. With masked, you don't have to teach anything. But when a patient sees and experiences CGM,
they can come back and learn. One-third can figure out on their own. Another one-third need your help. Dual
wave boluses are easy to see on CGM. After eating, blood sugar is normal or going low. Then, two to three
hours later, it's going high due to high fat. We recommend adding more insulin to the meal and covering it
over another 2 hours. A split of 60/40 or 70/30. There's not a lot of science here.

Q: Most of your downloads were in type 1s. Any key clinical points for type 2s?

A: We've done a lot of downloads. I'm doing a study with Dr. John Buse on type 2 diabetes and downloads.
There is little published there. We really think that type 2s are much more predictable. You see a much lower
standard deviation and much more predictable curves. We're hoping when you do type 2 diabetes, you'll
clearly see the problem - is it a fasting problem, a hepatic problem, a bolus problem? Hopefully next year at
this time we'll have data to share. We've also used lots of masked CGM in type 2 diabetes studies. There has
been a published paper in a single center study from Walter Reed. It looked at CGM in type 2 diabetes in real
time. If patients wear it, they do very well and make behavior changes.
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Q: How do you tease out basal adjustment and bolus adjustment? You mentioned the three-
hour window. Are there other things to use?

A: For basal or bolus, you need a meal marker. Medtronic has the simple to use bolus calculator. Dexcom
must be put in to the receiver. Within three hours, I call it a bolus problem. After three hours, and certainly
greater than four hours, it's a basal problem. When making a change in the basal, you must do it two hours
before the event. So if you're going low at three in the morning, you need to make a change at one in the
morning.

CGM: CHOOSING THE RIGHT PATIENTS

Larry A. Fox, MD (Nemours Children's Clinic, Jacksonville, FL)

Dr. Fox reviewed a variety of continuous glucose monitoring papers in different populations, from
landmark studies like the JDRF CGM Trial and STAR 3 to more recent research (e.g., in young children and
toddlers [Mauras et al., Diabetes Care 2012] and for the purpose of reducing hypoglycemia [Battelino et al.,
Diabetes Care 2011]). The technology's potential has been shown potential in both pumpers and MDI users,
and in both well-controlled type 1 diabetes (who might get a benefit in beta-cell function) and poorly
controlled type 1 diabetes (at least for those already under intensive therapy - the value is less clear in less-
motivated patients, a population Dr. Fox and his colleagues are currently studying in an NIH-funded trial).
He concluded that adults generally seem to be better candidates than children and that greater frequency
and longer duration of use correlate with better results, and he acknowledged that his talk did not even
attempt to address a plethora of other important populations (e.g., pregnancy, type 2 diabetes,
hypoglycemia unawareness) or to help clinicians identify individual patients that are likely to benefit from
CGM (which we had hoped would be a bigger theme, based on the presentation's title). It's important to note
that all these "rules" will keep changing as the products develop further.

Questions and Answers

Q: You presented a German/Austrian registry study in which people that had been using CGM
for less than 30 days had a higher rate of hypoglycemia than the overall population. Might this
have been a case of selection bias - perhaps patients were prescribed CGM because they had
frequent hypoglycemia?

A: Absolutely - at the end of the day, that study was just a registry review.

PATIENT SELF-MANAGEMENT ALGORITHMS

Rosanna Fiallo-Scharer, MD (University of Colorado Denver, Aurora, CO)

In this 'CGM 101'-style presentation, Dr. Fiallo-Scharer introduced the audience to an algorithm for helping
patients make the most of numerical and especially trend information. During Q&A, she emphasized the
importance of basing therapeutic decisions on confirmatory fingersticks rather than sensor readings.

Questions and Answers

Q: Can you give a timeframe for suspending basal rates in hypoglycemia? Patients need to
understand that suspension is not a rescue therapy - suspending basal rates won't take care of
it if they are already too low, like 45 mg/dl.

A: But when you wear a pump that is one feature you can use - to suspend the basal rate until glucose becomes
stable again. We don't recommend replacing with a temporary basal rate - the original rate will automatically
kick back in once the suspension is over.

Q: How do you interpret data over the next two days after a patient has a hypoglycemic
episode?

A: I am not sure what you mean by that. Frequent hypoglycemia can cause patients to become unaware of
their lows due to counterregulatory failure. Some patients tend to overtreat lows - I don't know if that is what
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you mean. They can get a rebound hyperglycemic event and then have to catch their tails. One beautiful thing
about CGM is that they get that feedback and can fix it next time.

Comment: In my experience hypoglycemia results in a lot of overtreatment - patients often aren't aware that
yesterday's hypoglycemia can cause today's hyperglycemia.

Q: Can you clarify whether with the algorithm you are having people respond based on sensor
glucose or confirmatory blood glucose?

A: Patients were asked to confirm any alarm with a fingerstick and to base treatment on that. The sensors are
more useful for looking at trends. Obviously very often the alarms are associated with a real low or high. But if
they are going to act based on a number outside the target range they should use a confirmatory blood glucose
check.

Symposium: Behavioral Interventions in Routine Clinical Care - What Works?

SUPPORTING AND MAINTAINING CONTINUOUS GLUCOSE MONITORING USE

Timothy T. Wysocki, PhD (Nemours Children's Clinic, Jacksonville, Florida)

Dr. Wysocki provided an overview of the behavioral aspects underlying CGM use, especially among
children and adolescents using the technology. He first reviewed the long list of behavioral barriers to
successful CGM use, ranging from unrealistic expectations to youth-parent conflicts about CGM data. He
also noted the disconnect between young patients that have grown up in a world where everything works,
versus the fact that CGM is still a new technology ("these individuals are immensely intolerant of glitches") -
this was an interesting characterization that we have not heard before and one with which we agree. The
remainder of Dr. Wysocki's presentation described the NIH/NIDDK funded study his team is undertaking
(clincaltrials.gov identifier: NCT00945659). The nine-month trial hopes to enroll 150 poorly controlled
adolescents (mean A1c is 9.1% in the 97 enrolled thus far), who will be randomized to one of three groups:
standard care, CGM, or CGM plus behavior therapy. The behavior therapy is aimed at promoting the
benefits of CGM by addressing each adolescent's unique barriers. This will take the form of motivational
interviewing, problem solving training, and communication training. Sessions will guided by a manual and
will have a defined structure, although Dr. Wysocki emphasized that families will dictate the content. Data
collection is expected to end in November 2013, with A1c as the primary outcome. Additionally, we believe
that Medtronic's new Enlite sensor and Dexcom's new G4 sensor will significantly improve the CGM
experience for many patients. To boot, we are wary of studies that use old technology that are not always
characterized as such. To boot, with this trial, we're very glad to see such smart and committed focus on the
behavioral aspects underlying CGM use. In our view, better understanding of this area will be an integral
part of improving the technology and climbing up the adoption curve in the years to come.

▪ Dr. Wysocki pointed to a variety of behavioral barriers that prevent patients from
successful use of CGM:

◦ Unrealistic expectations

◦ Inconsistent or infrequent use

◦ Deficient calibration technique ("garbage in equals garbage out")

◦ Treating without verifying blood glucose level

◦ Non-response to trend alarms

◦ Disabled alarms

◦ Youth-parent conflict about CGM data

◦ CGM associated pain or discomfort

◦ Hypoglycemia fear or avoidance

◦ Device loss or damage ("Including one run over by a mother's Cadillac Escalade. It didn't
work but the company retrieved the data")
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◦ Peer, school, and fashion issues

◦ Information overload

▪ While we would absolutely agree there are barriers, and while we believe these barriers are
driving lower than optimal satisfaction among patients today, it's also key to point out that this list
has improved over time and will continue to do so as long as the therapy is used. If it is not, that is
troubling for all patients who would benefit from future versions of CGM.

Questions and Answers

Q: How do you find this intervention integrating into the clinic?

A: We specifically recruited master's level social workers. We thought they would be more commonly available
in ordinary diabetes clinic settings. They are often called upon to do some of the tasks we're talking about. Our
first effort is to demonstrate efficacy. Then, we can talk about dissemination. But like the previous speaker,
I've had experience teaching these skills to highly experienced individuals and I really struggle. It's hard to get
people to give up things they're comfortable with. But the majority of pediatric diabetes centers have people
like this around. What remains to be seen is (a) is it effective? and (b) can we disseminate it practically.

Q: You mentioned online data collection - are you doing that in-clinic or on a computer?

A: All of these people had to have a computer in order to download the CGM data. About 92% of families have
completed at least some questionnaires. About 70% have completed all. And they love it.

Symposium: Glycemic Variability

METHODS OF QUANTIFYING GLYCEMIC VARIABILITY

David Rodbard, MD (Biomedical Informatics Consultants Potomac, Maryland)

Dr. Rodbard gave an excellent overview of the ongoing debate about measuring glycemic variability - his
central thesis was that percent coefficient of variation (%CV), which is the standard deviation divided by the
mean multiplied by 100 (SD/mean X 100), is the best measure of glycemic variability. Dr. Rodbard
provided a variety of arguments to support this assertion: %CV is easily calculated, is independent of A1c
and mean glucose, can be measured more precisely than MAGE or CONGA, and is one of the best predictors
of hypoglycemia. He also argued in favor of establishing reference ranges for %CV: <32% is excellent,
32-37% is good, 37-42% is fair, and >42% is poor (Rodbard et al., Postgrad Med 2011). These cut-points also
align well with other data sets from Dr. Irl Hirsch (%CV <33% is ideal, while %CV >50% is poor) and the
CACT1 Study (<34%, 34-40%, 40-46%, and >46%). As the %CV gets below 25% or 20%, Dr. Rodbard noted
that there is no hypoglycemia. Encouragingly, %CV is applicable to both SMBG and CGM and people with
type 1 or type 2 diabetes. However, specific cutoffs may need to be established for certain populations (early
stage type 2s, pregnant women). Dr. Rodbard was negative on MAGE because "it throws out half the data"
by only counting upstrokes or downstrokes but not both. He also highlighted the importance of time
horizon, as glycemic variability can be measured within day, between day, and overall. He recommends
taking the inter- and intra-day standard deviations as well as the SD of daily means. He also showed the
Ambulatory Glucose Profile (AGP), noting that our subjective interpretation of a patient's glycemic control
correlates quite well with %CV (As a reminder, the AGP is what the Helmsley Charitable Trust plans to use
to standardize glucose reporting; see our report on the recent panel at http://bit.ly/KcWzAd).

Questions and Answers

Q: I have a comment on a simpler measure: range divided by mean. That's something that
clinicians can look at for very small sample numbers. It tells you something about the risk of
hypoglycemia. I agree it's extremely crude, but it's quick to do in your head.

A: Range is proportional to SD. But it's affected by outliers. Those outliers may be clinically interesting. Range
based on four to five measurements may be unstable. If you have 288 values or 1000 values, it may be more
stable. It might be better to use 10 and 90 percentiles to throw out the lowest and highest values.thth
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Q: Do you have data on whether there is a correlation between this measure and outcomes in
the general pop or the pregnant population?

A: No sorry I do not.

Q: Do the values need to be different for type 1 diabetes vs. type 2 diabetes?

A: The values for interpretation will be different. In normal subjects, there is about 17% variability, which rises
to a %CV of 20-25% for obese, non-diabetic patients with A1cs in the normal range. We need to define the
ranges for interpretation for early type 2s and type 1s.

Q: Is there data correlated the quartiles and quality of life measurements?

A: No, I don't have that. On the earlier question relating to the correlation between %CV and outcome - there
was a paper that appeared Diabetic Medicine on coronary calcium. Some of the different types of SD were
correlated retrospectively. I believe these measures will be useful for correlation with outcomes.

METHODS OF MINIMIZING GLYCEMIC VARIABILITY IN TYPE 2 DIABETES

Robert Vigersky, MD (Walter Reed National Military Medical Center, Bethesda, MD)

Addressing a nearly full room on Day #5 of ADA 2012, Dr. Vigersky pointed out that the "turnout on this
last day of the meeting is a testimony to how important this topic has become." Most interesting was Dr.
Vigersky's discussion of CGM in type 2s, which included a review of his study published in Diabetes Care
earlier this year (see our report at http://bit.ly/zrqLK9). Showing examples from the trial, Dr. Vigersky
cautioned that CGM downloads have gaps where no glucose data is collected - in his view, these can give
"very spurious variability data unless you do something about it." His team chose to use an interpolation
approach that approximated the lost values based on the pre- and post-gap CGM values. He then discussed
the analysis we first saw at Clinical DTM a few months ago (see pages 11-12 of our report at http://bit.ly/
Mm64NT), which classifies CGM users in his study based on their observed response to the device. Dr.
Vigersky focused on those who learned over time, burned out, or achieved and maintained tight control.
Interestingly, the number of receiver screen views was related to each group: those who burned out over
time looked at the receiver increasingly less often over the course of the study, while those who achieved
tight control increased their number of screen views over the course of the study. The latter group also had
Problem Areas in Diabetes (PAID) scores that were low at baseline and remained low throughout the study,
potentially offering a window into identifying types 2s likely to benefit from CGM. He concluded that real
time CGM can be used as a behavioral modification tool for type 2 diabetes, although the dose, frequency,
and patient selection criteria need to be further studied. Dr. Vigersky also covered SMBG in non-insulin
using type 2s and argued that use of structured testing (STeP, ROSES, St. Carlos studies) to selectively
prescribe medications can improve both A1c and glycemic variability. Finally, he mentioned some
nutritional strategies to reduce glycemic variability: eating carbs at the right time of day (lunch was best in
one study), eating lower glycemic index foods, and eating vegetables before carb intake (rather than after).

▪ Gaps in sensor readings were fairly common in Dr. Vigersky's study and were dealt
with using an interpolation approach. All 47 patients in the CGM study arm experienced gaps
in data. Dr. Vigersky and colleagues looked at CGM data in three-day cycles in the middle of the
week (we note that participants were wearing the Dexcom Seven in this study for two weeks on, one
week off). In all three-day cycles, the total number of gaps of over five minutes was 14,173,
representing 6.6% of the data. This translated to an average number of gaps per subject of 302 and a
mean gap of 26 minutes. Dr. Vigersky noted that gaps make it difficult to calculate statistics such as
MAGE. To fill in the missing data, Dr. Vigersky's team took the before- and after-gap values and
interpolated. In other words, if the CGM read 120 mg/dl, then a ten-minute gap (one missed
reading), then 130 mg/dl, the missing point would be 125 mg/dl. (According to management,
Dexcom's G4 has a significantly improved transmitter relative to the Seven Plus. In product's
recently completed pivotal study, the G4 sensor captured 99% of data points. It also has a typical
transmission range up to 30 feet and up to 50 feet if it's in line of sight, compared to a range of five
feet cited in the label for the Seven Plus.)
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▪ Dr. Vigersky characterized patients with an "immediate effect" response pattern as
learning over time, burning out, or achieving and maintaining tight control. Thirty-
eight of the 47 patients fell into the immediate effect group. Screen views were defined as discrete
episodes of viewing the display with one or more minutes between views.

◦ Those who learned over time saw an improvement in mean glucose, standard
deviation, and MAGE throughout the study. Their mean number of daily screen
views was similar throughout the study, averaging 16-17 per day (i.e., one episode of screen
viewing every waking hour). Their Problem Areas in Diabetes (PAID) scores decreased
from 32 to 25.

◦ Those who burned out got worse over time. Their mean blood sugar increased and
their screen views decreased over time (from 12 to less than five). This group's PAID scores
did not change. For us, the central question here is one of causality - are the reduced
screen views causing the worse outcomes, is frustration with the device causing reduced
screen views and therefore worse outcomes, or is there some other factor at work. We
think this would be an interesting qualitative question to study among ex-CGM users;
better understanding why people quit using the technology should improve it. More
importantly, we believe that churn will decline as product ease of use, reliability, accuracy,
etc. improve, which is only a matter of time - a "when" not an "if".

▪ Those who achieve and maintained tight control got immediately better and stayed
better. Mean blood glucose improved and standard deviation dropped from 20 mg/dl to 14 mg/dl.
The group's screen views also doubled from about 15 to 30 per day by the end of the study. This
group's PAID scores were low at first and did not change much by the end of the study.

PERSPECTIVE ON OUTCOMES

J. Hans DeVries, MD, PhD (Academic Medical Center, Amsterdam, Netherlands)

Dr. DeVries delivered a skeptical and thoroughly cited review of the proposed link between glycemic
variability (GV) and harm in diabetes. Two of the field's foundational findings (a link between GV and
microvascular complications in type 1 diabetes, seen in a 1995 analysis of DCCT data; a link between GV
and oxidative stress in type 2 diabetes patients not on insulin) have been retracted or weakened upon
follow-up analysis. Dr. DeVries proposed that future studies of GV concentrate on mean absolute glucose
change (MAG), a measure developed by his group that accounts for the frequency of glucose fluctuation
(rather than just the dispersion of values, a la standard deviation). To close he acknowledged that at the
very least, unpredictable values are very disturbing to patients and are associated with risk of severe
hypoglycemia. He recommended continuous glucose monitoring as a tool for reducing both A1c and
variability (though he indicated that any glucose-lowering intervention will tend to address both A1c and
variability at the same time since the measurements inherently related).

▪ Dr. DeVries said that substantial doubt has been cast on two of the foundational
papers linking glycemic variability to harm in diabetes. These papers were the analysis of
DCCT suggesting relationship between GV and microvascular complications in type 1 diabetes,
independently of A1c (Diabetes Care 1995) and the famous Monnier study of 20 non-insulin-
dependent people with type 2 diabetes, which suggested that 74% of variation in oxidative stress
could be explained by glucose variability (JAMA 2006). The authors of the former retracted their
paper after finding that the GV/complications link was a statistical artifact due to erroneous
modeling assumptions. As for the latter, when Dr. Monnier expanded the study size to 60 total
patients, GV explained only 15% of variability in oxidative stress (Diabetologia 2010). Also
problematic for the Monnier findings was Dr. DeVries' group's failure to confirm the relationship
with a more accurate assay for oxidative stress (Siegelaar JDST 2011). However, Dr. DeVries
acknowledged that his study's population had lower mean A1c (7.0% vs. 9.0% in the Monnier
cohort); other analyses suggest that high GV may be harmful only in those with high mean glucose.
Epidemiological data on the question are mixed, and post-hoc analysis of the randomized clinical
trial HEART-2D fails to support GV's relevance as a risk factor independently of mean glucose (with
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which variability is inherently associated, since people with high mean glucose have a wider range
over which to fluctuate).

Questions and Answers

Q: How do we go through this maze? Do we need something like ORIGIN, or can we make
sense of the data available?

A: What's available is secondary analysis. This gives us a hint that large ORIGIN-like study may not give
definitive answer, since it would be so difficult to design. The APOLLO study compared basal to prandial
insulin and didn't show a difference, but it didn't measure oxidative stress, and it wasn't big enough.

Comment: The FLAT-SUGAR study might address this issue. It is not as long-term as ORIGIN, but it will go
on for a year - so we will probably have an answer in the next year or two. (Editor's note: As we understand it,
the yearlong FLAT-SUGAR trial is technically a feasibility study to establish whether different therapeutic
regimens can separate cohorts of patients by glycemic variability while causing equivalent effects on mean
glucose. The independent clinical relevance of GV change would not be assessed until a larger follow-up
study.)

Q: It is thought that exposure to hyperglycemia may have a non-linear effect - more pathology
is generated by a few high sugars rather than many lower sugars, even if the mean glucose is
the same. The theory behind MAG is different - that harm is related to the act of going up and
down.

A: Intuitively it makes a lot of sense that a repeated insult is more harmful than a single, long-standing insult.
By definition a stable glucose must be better than variable, since nature preserves stable glucose so strongly.
But the additional harm of variability (relative to mean glucose) is probably minimal.

GLYCEMIC VARIABILITY IN THE CRITICALLY ILL PATIENT

James S. Krinsley, MD (Stamford Hospital, Stamford, CT)

Dr. Krinsley reviewed the substantial and growing body of evidence that establishes glycemic variability as
a risk factor for ICU mortality, independent of hypoglycemia and hyperglycemia. Ongoing research needs
include characterizing the risks of GV by subpopulations (e.g., diabetes vs. non-diabetes, medical vs.
surgical ICU), and Dr. Krinsley is leading a massive (n~42,600) international observational study that he
expects will aid in this effort. (Preliminary analysis suggests that GV is associated with increased mortality
risk whether or not patients have diabetes, but the slope of the risk increase is steeper for people without
diabetes.) Dr. Krinsley argued that inpatient glucose control must address all three domains of glycemic
control - hyperglycemia, hypoglycemia, and glycemic variability - and he looked forward to benefits from
wider use of new technologies (e.g., CGM, insulin-dose-recommendation software). He also offered the
audience some relatively low-tech recommendations from his own clinical experience (e.g., supplement
intravenous insulin with twice-daily subcutaneous injections of basal insulin as a way to increase glycemic
stability; use 10% dextrose solution rather than 50% dextrose solution as hypoglycemia rescue therapy, in
order to avoid rebound hyperglycemia).

Questions and Answers

Q: Can you comment on the incremental importance of GV as a factor separate from
hypoglycemia?

A: The data suggest that these derangements are cumulative - the most recent paper on this is Mackenzie et
al., Intensive Care Medicine 2011.

Q: I am a little lost. I think we are completely lacking in causal effect. The only randomized
controlled trial data involved targeting a BG so low that no one is going for it anymore, at least
not in the US.

A: Yes, this is a challenging issue, and it is impossible to ethically randomize anyone to hyperglycemia or
increased glycemic variability. As to the guidelines, I believe that the one-size-fits-all approach is not
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necessarily correct, even though it is based on the largest randomized controlled trial on the topic. I think that
study, NICE-SUGAR, was the end of Chapter One of inpatient glycemic control. With new studies - like the
large observational I mentioned - and with new technologies, we will enter Chapter Two.

Q: I am fascinated by your new multinational data looking at the differences among those with
diabetes and without. If I am remembering your slide right, at high glycemic variability levels
the mortality was less for people with diabetes than people without diabetes. Did you look at
the diabetes medications the diabetes patients were on before entering the hospital?

A: This was huge database study, so we didn't have that information. Diabetes patients might show up in the
ICU with a broader variety of comorbidities, but numerous studies show that diabetes is not an independent
risk factor.

Q: Have you started using incretins in the ICU as was proposed at a conference in Brussels two
years ago?

A: I haven't, and I'm not aware of any widespread use.

Symposium: Beyond Insulin and A1C in the Management of Pediatric Type 1 and Type 2 Diabetes

IS IT TIME FOR ROUTINE MONITORING OF OTHER MEASURES OF GLYCEMIC CONTROL?

Thomas Danne, MD (Kinderkrankenhaus auf der Bult, Hannover, Germany)

Dr. Danne discussed "Something that I feel quite strongly about: Looking beyond A1c and insulin." He
began by showing how A1c does not tell a complete enough story, which provides rationale for using
glycemic variability. Although there are a wide variety of glycemic variability statistics, Dr. Danne prefers
using standard deviation - it's easy to understand and other measures don't seem to offer benefits. However,
there is certainly an allure to having one number, so something like the Glucose Pentagon may be
warranted (combining A1c and four other numbers). Although the evidence is mixed on glycemic variability,
Dr. Danne believes it is clinically relevant and using CGM can help improve it. He concluded by
summarizing studies of the Veo and the DREAM project, explaining that glycemic variability will help us
assess if these closed-loop therapies are beneficial. The Joslin Diabetes Center teaches the three pillars of
diabetes are insulin, exercise, and diet; similarly for Dr. Danne, the three pillars of glucose management are
CGM, A1c, and SMBG. We're glad to see more and more focus on looking beyond A1c. And in our view (and,
Dr. Danne's, we're sure), the key will be convincing FDA and other regulatory agencies that this is the way
to go.

▪ "A1c does not give us any idea about glucose fluctuations…knowledge of glycemic
variability is important for adjusting diabetes therapy." To illustrate the shortsightedness
of A1c and the importance of glycemic variability, Dr. Danne showed a patient's modal day report
with a high average blood sugar (translating to a high A1c) and lots of glycemic variability. He then
graphically showed how intensifying therapy to lower the average would bring the patient into
hypoglycemia. A different patient with the same average but less glycemic variability would be
brought into target after therapy was intensified. We found this simple graphical illustration very
persuasive.

▪ "I still believe standard deviation is very easy to understand and maybe the best
parameter. Even though all my math friends tell me it's the wrong thing to do."
Theoretically speaking, Dr. Danne explained that standard deviation is hard to use because
upswings are larger than downswings (i.e., there is a glycemic floor). However, he believes standard
deviation does as good of a job as other measures and is much easier to understand and calculate.
For a more complete review of other glycemic variability measure, he told audience members to read
Dr. Hans DeVries' paper in Endocrine Reviews (2010). Dr. Danne conceded that "We always want
one single value," so something like the Glucose Pentagon may be warranted (Thomas et al.,
Diabetes Technol Ther 2009). This measure combines A1c, GPR, standard deviation, time spent
>160 mg/dl, and AUC >160 mg/dl.
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▪ Regarding the clinical relevance of glucose variability, Dr. Danne stated, "It's still
controversial. We need more data." He first reviewed the famous Monnier study linking
oxidative stress to MAGE, which has not been duplicated in a number of other studies. To provide
some more clinical data, Dr. Danne next discussed an interesting analysis of 1,000 insulin pumpers.
The number of boluses per day was linearly associated with A1c - as boluses per day increased from
two, four to seven, and then to over 12, A1c declined in a step-wise fashion from 10.4% to 8.2% to
7.3%. He likened this to driving a car and steering it several times - the more times you steer it, the
more likely you are to stay on the road. Since this study did not look at glycemic variability, Dr.
Danne believes it would be interesting to combine the pump data with CGM. One would expect a
high number of daily boluses would lead to a drop in glycemic variability.

◦ Dr. Danne also highlighted the ONSET trial (see pages 107-109 of our EASD
2011 Full Report), which compared conventional pump therapy plus SMBG to
sensor-augmented pump therapy from the onset of diabetes. Those on SAP
therapy had higher C-peptide levels, potentially suggesting that the reduced glycemic
variability associated with CGM may have reduced glucose toxicity and helped preserve
more beta cells. This was an interesting hypothesis and we hope that the TrialNet
Metabolic Control in New Onset Diabetes (clinicaltrials.gov identifier: NCT00891995)
study can help answer it. There is a poster on the trial at this year's ADA (891-P), though
the full C-peptide data isn't expected until November 2013.

▪ Studies from Dr. Danne's group suggest glycemic variability improves with CGM. Dr.
Danne discussed two CGM studies using the Abbott Navigator CGM (Danne et al., Diabetologia
2009) and another with the Dexcom Seven Plus. Patients used both a masked and unmasked sensor.
Independent of baseline A1c, patients were able to lower glycemic variability with use of the real-
time CGM.

Questions and Answers

Q: I have a small pediatric diabetes program and we have lots of kids on sensors. My problem
is they don't stay on sensors. How do we keep kids using sensor? Also, after listening to all of
the closed loop and CGM data for two days, I'm worried about kid's real estate. We saw a
glucagon pump, an insulin pump, and a sensor. How are we going to keep this real estate
intact?

A: Imagine that while you were driving your car, you had to insert two needles into your body and you got
several alarms all the time - you should have slowed down because of that red light. Or there's a bicycle over
your shoulder. After three days, you'd probably take the bus or walk to work. [Laughter] I'm not surprised
many patients are saying, "I'm fed up with the sensors. They're alarming and not helping me." It's a
technology issue. Yes, there is a real estate issue. But we are burdening them with information. Patients want
simple solutions. Something like LGS, which suspends without an alarm. Or overnight closed loop - you hook
onto it in the evening and wake up in the morning with great control. That's what our patients want. I think
the real estate issue will be smaller.

Q: You showed that taking 12 boluses a day was associated with a lower A1c. I actually see that
kids bolusing a lot have a lot more glycemic variability. Was there any measure of glycemic
variability in that data?

A: I would love to have that data. Taking 12 boluses per day is like having a second basal rate. It simply came
out that way. There was a clear relationship between the number of daily boluses and A1c. Seven to ten is a
good number. That's certainly much higher than injection therapy. I would not ask any patient to take ten
injections per day.
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Symposium: Joint ADA/EASD Symposium - Capillary Glucose Monitoring in 2012

SELF-MONITORING OF BLOOD GLUCOSE IS USEFUL IN PATIENTS WITH TYPE 2 DIABETES
MELLITUS ON ORAL AGENTS - PRO

Lutz Heinemann, PhD (Science & Co, Dusseldorf, Germany)

Dr. Lutz Heinemann made a thoughtful defense of SMBG in non-insulin-treated type 2 diabetes (NITT2)
patients, including a meta-analysis of 12 meta-analyses on the topic and some 'meta-' discourse about the
controversy itself. Meta-analyses tend to show a six-month A1c improvement of 0.3%, and recent
randomized controlled trials like STeP, ROSES, and St. Carlos have demonstrated benefits of 0.5% (Dr.
Heinemann argued that these studies, all conducted after 2008 and all emphasizing SMBG as an
educational/motivational tool, are designed better than historical trials - a positive result of pressures from
cost-controlling agencies such as Germany's IQWiG). He believes that the field still needs more long-term
data as well as a neutrally funded, conclusive study that clearly quantifies the study effect (i.e., one that
includes a placebo group receiving no intervention at all); he proposed that the major SMBG companies
could divert 10% of their marketing budgets for a few years toward such a study. He also expressed
optimism about phone-connected meters to improve the integration of SMBG into daily life, and - as a
bolder way to encourage proper testing - he proposed that SMBG could require a driver-license-like process
of training and certification (Heinemann et al., JDST 2012).

SELF-MONITORING OF BLOOD GLUCOSE IS USEFUL IN PATIENTS WITH TYPE 2 DIABETES
MELLITUS ON ORAL AGENTS - CON

Jeffrey W. Stephens, MBBS, PhD (Swansea University, Swansea, United Kingdom)

Dr. Stephens took the con side of the debate and argued that SMBG does not improve A1c to a clinically
significant level in non-insulin treated type 2s. He ran through a series of professional guidelines and recent
studies on the topic, concluding that the evidence is not clear on the subject. In RCTs and meta-analyses that
did find a benefit of SMBG in non-insulin using type 2s, the average A1c improvement was typically ~0.25%
("We would not approve this if it was a new therapy for type 2 diabetes"). Dr. Stephens also emphasized the
high cost of glucose monitoring, the decrease in well-being, and the potential for an increase in depression.
In addressing Dr. Bill Polonsky's STep Study, Dr. Stephens noted that the benefit of structured testing over
the control group was only an additional 0.3% benefit - again, not clinically meaningful in his view. He
closed, however, by emphasizing that a structured approach to testing that uses the blood glucose data
meaningfully may be warranted in certain patients: those who are educated, motivated, and at risk of
hypoglycemia, have inter-current illnesses, are fasting, or when using sulfonylureas. (One editorial
perspective is this - we believe the traditionally lauded RCT design of most trials hurts BGM, since it is so
"not" real-world in our view. We hope for more realistic trials moving forward.)

ACCURACY STANDARDS FOR SELF-MONITORING OF BLOOD GLUCOSE - ARE THEY
ATTAINABLE?

George S. Cembrowski, MD, PhD (University of Alberta, Edmonton, Canada)

Patients with pumps and hypoglycemia unawareness, among others, require relatively high accuracy, as do
people in the ICU - a particular emphasis of his talk. (As a side note, Dr. Cembrowski said that hospitals
often favor central laboratory glucose testing because it is the least expensive option, even though it is also
the slowest.) For hospital systems, he favors the CLSI's proposed targets of within 12 mg/dl for values below
100 mg/dl and within 12.5% for higher values; he indicated that the upcoming new ISO 15197 requirements
(95% of results within 15 mg/dl for values below 100 mg/dl or within 15% for higher values) are also a move
in the right direction. Briefly reviewing two anonymous hospital-use meters, he concluded that BGM
products seem to be accurate enough in the hyperglycemic and upper-normoglycemic ranges, and
"probably" in the lower-normoglycemic range as well. He said that the picture is less certain in
hypoglycemia, in part because accuracy testing in hypoglycemia is often "contrived" - i.e., based on altered
blood samples rather than blood from actual hypoglycemic patients.
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PANEL DISCUSSION

Lawrence Blonde, MD (Ochsner Health System, New Orleans, Louisiana); Andrew J.M
Boulton, MD (University of Manchester, UK); Lutz Heinemann, PhD (Science & Co,
Dusseldorf, Germany); Jeffrey W. Stephens, MBBS, PhD (Swansea University, Swansea,
United Kingdom); George S. Cembrowski, MD, PhD (University of Alberta, Edmonton,
Canada)

Comment: We have to be careful to look at studies with biases. In the Farmer et al. study, there
was no transfer of information to meaningful therapy decisions. You have to look at those
studies differently. If you think about SMBG and insulin treatment, there's no doubt it is of
value. The information is directly transferrable to insulin. This principle can also be applied to
last year's STeP study - glucose information was transferred into a medically meaningful
modification of drug therapy or lifestyle intervention. The absolute effects were comparable to
effect sizes with drugs.

Dr. Stephens: There's been uncertainty in the previous studies.

Dr. Heinemann: This is clear. The more recent studies are the ones that we should take more into
consideration. Meta-analyses have limitations and they cannot be better than the studies they include. I
believe in the STeP study and it was an important step in the right direction.

Q: Talking about outcome, there is a fixation on A1c - a measure of average glycemic control.
Glucose variability has not been looked at. My second question is about testing sugars in
sulfonylurea patients. You said that's reasonable, but it may not be for non-hypoglycemia
causing therapies. Is there any study looking at that specific question?

Dr. Stephens: I'm not aware of any studies. The majority of studies performed were before the era of DPP-4
inhibitors and GLP-1 analogs. If any study is designed now, it should take into account use of these agents.
Perhaps it should have more than one arm.

Q: I would argue in one of studies, it was said that newly diagnosed had a higher reduction in
A1c with blood glucose testing. But they were probably on treatments that did not cause
hypoglycemia.

Dr. Boulton: In patients using therapies that don't cause hypoglycemia, testing might be beneficial due to
better adherence to lifestyle recommendations.

Comment: Surely the answer is somewhere between yes and no. If I do a lot of testing and find
that my sugar goes up after supper, aren't we better off for that?

Dr. Blonde: Individualization was a big theme of the ADA/EASD position paper, and it seems like this is a key
area where therapy can be individualized. The patient and healthcare provider can decide together if SMBG
can be used to improve care.

ECONOMIC ASPECTS OF SELF-MONITORED BLOOD GLUCOSE

Philip Clarke, PhD (The University of Melbourne, Melbourne, Australia)

Dr. Clarke told a waning crowd in this afternoon symposium that while it is established that SMBG is
beneficial for those with type 1 diabetes, the evidence is less clear for type 2 diabetes. Despite the evident
short-term benefit SMBG has on A1c levels in people with type 2 diabetes, there have been mixed results on
its long-term benefit in terms of mortality, quality of life, and cost-effectiveness. He explained that while the
evident costs of SMBG are quite clear - in 2002, SMBG cost Medicare B nearly half a billion dollars - it is
more difficult to define and measure the benefits. For example, Dr. Clarke said that the information
provided by SMBG may be positive (e.g., encouraging more exercise) or negative (e.g., making someone
more anxious) depending on the circumstances. However, UKPDS did find a reduction in mortality due to
SMBG in people with type 2 diabetes, but it took 12 years for the reduction to become significant. The results
have been particularly mixed when researchers attempt to determine the impact SMBG has on quality
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adjusted life years (QALYs; one QALY equals a year of full health and zero QALYs equals dead) of people
with type 2 diabetes. Dr. Clarke next turned to costs, arguing that the United States must start thinking
about which health care technologies are worth funding and which are too expensive. He concluded by
providing several suggestions for alternative ways of measuring the cost-effectiveness of SMBG.

▪ The impact of SMBG on the quality of life adjusted years (QALYs) in people with type 2
diabetes has been inconclusive, making it difficult to do a comprehensive cost-benefit
analysis. To see if type 2 diabetes patients have better quality of life due to SMBG, Dr. Clarke
looked at participants' quality adjusted life years using the open, parallel group, randomized
Diabetes Glycemic Education and Monitoring trial) DiGEM. During the trial, QALYs were actually
reduced in the treatment arms receiving less intensive SMBG (-0.008 QALYs) and more intensive
SMBG (-0.035 QALYs) than in the usual treatment arm. Dr. Clarke said the reduction in QALY was
mainly due to anxiety and depression. In contrast, the Center for Outcomes Research (CORE)
assumed effectiveness based on effects observed in the Kaiser Permanente diabetes registry. This
registry included 5,867 patients who were newly beginning SMBG and were only on oral anti-
diabetic medications. They found that an A1c reduction of 0.32% results in an additional 0.103
QALYs. Cameron et al. (CMAJ 2010) found similar results: an A1c reduction of 0.25% (baseline not
reported) translates to 0.024 QALYs gained.

▪ Dr. Clarke said that given the current state of healthcare spending, the United States
must start making decisions about which therapies and treatments are cost effective.
In his view, disinvestment from ineffective therapies needs to be a critical component of efforts to
control healthcare expenditures in the United States. He emphasized that when it comes to health
care systems, early interventions are generally going to be easier than waiting until a crisis hits and
only hard choices are left on the table. Thus, there needs to be a definitive study on the cost
effectiveness of SMBG in treating type 2 diabetes. One method he proposed for such a study would
be to assign some predetermined target as effective (for example, an A1c reduction of 0.5% in three
to five years, with no reduction in quality of life). If SMBG demonstrated that it was able to meet this
target then it should be kept; otherwise, it should not. Such a study, of course, would be expensive,
and coming to a consensus on what is effective would be challenging as well. That said, such a study,
especially if it incorporated CGM and regular tests on whether therapy was "working" might help us
move toward more consensus on what personalized and individualized medicine means.

▪ Dr. Clarke proposed trying to lower the costs associated with SMBG by researching if a
cheaper test-strip is equally effective, or by motivating meter and strip manufacturers
to help people with diabetes see the benefits of better outcomes. He proposed a system in
which one would only pay the manufacturer a portion of the meter and strips' costs initially and then
only pay the rest if the individual's levels stayed below a wanted target. We think that while making
diabetes management more cost-effective is critical, there are too many variables to make this
suggestion practical - some patients, for example, have the funds to eat good and healthy food while
others do not; some have jobs and families that prompt stress and in turn cause diabetes
management to be more difficult than others - etc! We do appreciate critical thinking on the part of
Dr. Clarke, however, and hope that his talk spawns other suggestions of note.

Symposium: Which Technologies Have Impact on Clinical and Behavioral Outcomes in
Diabetes?

BEHAVIORAL AND CLINICAL OUTCOMES OF CONTINUOUS GLUCOSE MONITORING -
WHAT IS THE EVIDENCE AFTER A DECADE OF CONTINUOUS GLUCOSE MONITORING?

John Pickup, MD, PhD (Kings College London School of Medicine, London, UK)

Dr. Pickup gave a very comprehensive literature review of the clinical and behavioral evidence supporting
use of CGM. He began by showing a number of studies to suggest that A1c improves with CGM, but only if
patients wear the sensor (after showing the famous summary slide of the JDRF CGM trial, Dr. Pickup
humorously quipped, "I've seen this slide four times today. I'm bored of my own talk"). In addition to sensor
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usage, his 2011 meta-analysis also found that baseline A1c and age were related to the magnitude of A1c
benefit. Dr. Pickup asserted that there is good RCT evidence to support improvements in glycemic
variability and mild/moderate hypoglycemia with CGM; however, there is no RCT evidence to suggest that
CGM improves severe hypoglycemia - trials have not been designed or powered to test this, they had very
low levels of severe hypoglycemia at baseline, and did not test CGM specifically for those with disabling
hypoglycemia. He showed that there is data to support use of CGM in special circumstances like pregnancy,
type 2 diabetes ("an emerging application for CGM"), and in the hospital (good accuracy with current
devices). Although observational studies have seen a positive effect of CGM on behavioral outcomes,
"surprisingly and disappointingly," RCTs have not shown a benefit. Dr. Pickup believes insensitive
psychosocial measures, high baseline quality of life, and low baseline hypoglycemia and A1c may play a
role. Turning to frustrations, Dr. Pickup highlighted that good coping skills (stoicism, problem solving),
good use of information (trend and pattern recognition), and significant other involvement are important
for success with CGM. Concluding, he stated that all behavioral and quality of life outcomes need to be
studied in the target groups where CGM is indicated (continued disabling hypoglycemia and continued high
A1c).

Questions and Answers

Q: Your individual patient meta-analysis was an extremely interesting application. Have you
thought to use the same techniques in analyzing patient reported behavioral outcomes?
Aggregated effects on patient reported outcomes may show little effect, whereas certain
patients may have whopping effects.

A: The main reason we did not look at behavioral outcomes is we didn't have that data. We had to write to all
the study investigators and tried to get hypoglycemia measures and A1c. That was a moderate struggle in its
own right. It would be good to move on to behavioral outcomes next. That's a very good idea. I agree with you
on the danger of looking at mean values.

Q: Most of the studies you referenced used many products and sensors that are no longer in
use. Benefits from CGM are dependent on patients using devices, trusting the information,
and acting on the information. There are significant differences between products and across
generations of products. A meta-analysis does not give an accurate depiction of the way CGM
is.

A: That's a fair comment. That's a constant complaint of meta-analyses - they look at the past and don't
capture the present. You have to wait until there is a significant number of trials before doing a meta-analysis.
But the message remains the same. Sensor usage and baseline A1c and the reduction of mild to moderate
hypoglycemia. What changes is the accuracy - maybe the magnitude of A1c effect through increased training
programs and learning to use it. All your points are fair.

Q: There is a group of patients that frustrates our team: we think they're good candidates, they
meet all the criteria, and yet they stop using this device. And it stops rather quickly, within two
weeks or two months. And they drop way off. How do we do that way better?

A: It's the same with pump therapy. There are frustrated patients that you think ought to do well on pumps.
The same applies on CGM. There are behavioral issues. We need to learn much more about that. This is an
improving technology; it's not a mature technology. Think of the early days of the computer. They were a
blooming nuisance to work with. Dramatic improvements in CGM is my hope for the future so we can help
patients like that.

TECHNOLOGY AND YOUTH - HOW CAN CHILDREN, ADOLESCENTS, AND EMERGING
ADULTS BENEFIT FROM NEW TECHNOLOGY?

Korey H. Hood, PhD (University of California, San Francisco, San Francisco, CA)

Dr. Hood based his talk on a model of successful diabetes technology for pediatric and young adult patients.
He explained that many of these patients lack important diabetes knowledge and skills, many place diabetes
as a relatively low priority in their lives, and many are tech-savvy and have short attention spans. Dr. Hood
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thus believes that in general, the best effects on patient outcomes will be brought about by solid, visually
engaging technologies that reduce the burden of care and act as a "scaffolding" to help people improve their
self-management skills. The most straightforward tools are "direct," such as historical insulin pumps and
glucose meters. "Direct-plus" technologies, like continuous glucose monitoring, are those that add a layer of
pattern management or trend analysis. Dr. Hood said that such direct-plus tools have been shown to
simplify pattern management and to improve glycemic control, but their effects on self-management skills
and burden of care are still not well characterized. As for "facilitator" technologies such as mobile
applications, Dr. Hood noted that a variety of products are user-friendly and have shown promising early
results. However, he remains unsure about whether the use of these tools in their present forms is
sustainable.

Questions and Answers

Q: Do you have some indications of which technologies are which useful for most patients? Is
it consumer-driven?

A: I think there is a lot of self-selection, which suggests that we should more frequently include more youth
and young adults with diabetes in these decisions.

Q: I am also very tech-savvy and would love to use systems to facilitate diabetes control. But
we are inundated with new technology every three-to-six months - how will we know which
tools and websites are effective and worthwhile?

A: I don't think there is an easy answer. At the pace of technological development, we cannot keep up - apps
do not need to go through the FDA, so they can be developed quickly. I think a good strategy is for find apps
that complement their philosophy of care and then recommend those (rather than reactively investigating
tools that patients ask them about).

Product Theaters

IBGSTAR INNOVATION, INTEGRATION, INSPIRATION (SPONSORED BY SANOFI)

Bruce Bode, MD (Emory University, Atlanta, GA)

After providing an overview of the history and importance of blood glucose meters, Dr. Bode discussed the
new iBGStar meter, the first meter integrated with Apple's iPhone and iPod touch (for our first take on the
device and marketing strategy, see our report at http://bit.ly/Jikjhd). Before launching into the specific
benefits of the device's smartphone integration, Dr. Bode mentioned other strong points of the device,
including that it is currently the smallest blood glucose meter in the world, it requires a small (0.5
microliter) blood sample size (slightly larger than the 0.3 microliters required for Abbott's FreeStyle strips),
and it provides results within only six seconds. Dr. Bode also touted the device's accuracy, which he
attributed to its dynamic electrochemistry - as we understand it, this innovation makes the iBGStar better
able to compensate for environmental, blood sample, and manufacturing variations than the static
electrochemistry used in other meters. He then detailed how the iBGStar seamlessly integrates with the
iPhone and iPod touch, allowing users to easily display, manage, and share their diabetes information. Dr.
Bode also emphasized the intuitive, user-friendly nature of the interface, which in his view doesn't even need
an instruction manual to use. Turning to higher-level functions, Dr. Bode mentioned the meter's ability to
analyze blood glucose data, especially for identifying above, below, and in target range values over
customizable time periods. He noted that the iBGStar automatically generates a logbook - these readings
cannot be changed, but they can be tagged with additional notes and information. Dr. Bode further
emphasized the iBGStar's data sharing potential, as the iBGStar can automatically generate and email
reports and spreadsheets to the user's healthcare provider or whoever else he or she chooses. He closed by
sharing a number of anecdotes and a case study to help illustrate the high potential utility of the iBGStar
both as a more discreet and attractive blood glucose meter and as a way for people with diabetes to more
effectively monitor and manage their glucose as part of their treatment program.

▪ Dr. Bode explained that smartphone integration provides a way for patients to
significantly increase their access to monitoring technology without even realizing it.
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Dr. Bode quoted a statistic that 60% of people with type 1 diabetes leave home without a needle, but
he then suggested that virtually none of them go out without their cell phone. There are 331 million
total cell phones in the United States - greater than the total US population of 313 million - of which
165 million are smartphones. Dr. Bode noted that Apple in particular has enjoyed exponential
growth with its iPhone, growing from 2.1 million in 2008, to 6.4 million in 2009, and then
ballooning to 53 million in February 2012. He estimated that about 1.6 million people with diabetes
in the United States have either an iPhone or an iPod touch.

▪ The iPhone and iPod touch provide several features that improve the iBGStar's
efficacy as a blood glucose meter. Dr. Bode explained that Sanofi sought a partnership with
Apple partly because, no matter how the design of the iPhone or iPod touch may change, the actual
USB port is the same for all devices and never changes. This gave them the confidence that the
product would be usable and useful long-term.

◦ He noted its ability to share data both with family members (see below) and
with health care providers. Dr. Bode noted that if the vast majority of HCPs do not
currently download and look at patients' blood glucose data, the iBGStar helps remove one
step by sending them all data directly (of course, only time will tell if this will overload
HCPs and/or how easy reimbursement is).

◦ Dr. Bode also explained that the Diabetes Manager App could be constantly
tweaked and improved based on feedback both from patients and HCPs, and
then existing users could simply upgrade the app automatically. The result is greater utility
of the iBGStar to change and evolve than its counterparts. Indeed, many features iPhone
users take for granted are of great use in blood glucose monitoring - as Dr. Bode noted,
because the iPhone's internal clock constantly syncs with satellites, data entry on the
iBGStar will always have the correct time, something that is far from guaranteed in other
meters.

▪ The iBGStar is particularly useful in helping children with diabetes and their parents
monitor blood sugar. Dr. Bode noted that most children nowadays barely ever put their cell
phones down, which among other things means that parents of children with diabetes can rest easy
that their children always have their meters close at hand. Moreover, the ability to share data
between Apple devices means that parents can receive instant updates on their children's blood
glucose levels even when they are at school. He also remarked that parents don't have to give a cell
phone to their younger children with diabetes to use the product - Dr. Bode mentioned that he
advised the mother of a five-year-old with diabetes, who was understandably wary of giving such a
young child an iPhone, that the child could use an iPod touch instead and still enjoy all the
functionality of the iPhone version as long as there was wireless access. Dr. Bode also shared the
amusing but heartwarming anecdote of how a teenager, recently diagnosed with type 1 diabetes and
feeling quite down, was informed that he would be getting his own iPhone so that he could use the
iBGStar and immediately declared, "This is the best thing that has ever happened!"

▪ People with diabetes have responded very favorably to the iBGStar, both in terms of
reactions to the product itself and in terms of improved diabetes management. Dr.
Bode shared a number of anecdotes and case studies meant to illustrate the iBGStar's appeal. He
remarked that during testing, when people were first shown the iBGStar, three out of five people
pulled out their current meter and said, "You mean I don't have to carry this around anymore?" He
went into some detail with a case study of a 57-year-old man with type 2 diabetes who in February
2012 had a blood glucose of 358 mg/dl and an A1c of 10.9% who switched from metformin, SUs, and
a GLP-1 to a metformin- and insulin-based regimen in conjunction with frequent blood glucose
monitoring. The patient had specifically mentioned his concerns that he would not be able to
regularly monitor his blood sugar due to his heavy work schedule, but he did already have an iPhone
and thus could use the iBGStar. Dr. Bode then showed the patient's data as gathered by the iBGStar -
weekly and monthly glucose values and clear indications of his time spent in and out of his target
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range. The patient, now on a heavy 100 units per day basal dose of insulin, was able to meet his
three-month glycemic target and bring his A1c down into the 6% range.

Questions and Answers

Q: Is this an exclusive agreement with Apple? Is this the only device that will be allowed to
connect to Apple phones?

A: That's up to Apple and who they take. I presume others will probably do it. But Apple is very picky. They
have to accept you - you don't accept them.

Q: Could there be an additional app to manage insulin pump settings?

A: Here's the problem. When you get into a consumer device managing a medical device, you can't do it. It can
transmit data, so you can technically take your blood sugar and put it on your phone, as long as all the
calculations are done in the transmitter. That's what happening right now. You calculate in the transmitter
and submit it to the phone.

HELPING PATIENTS MANAGE PATTERNS OF HIGHTS AND LOWS BETWEEN OFFICE
VISITS (SPONSORED BY LIFESCAN AND AIMAS)

Steven Edelman, MD (University of California San Diego Medical Center, San Diego, CA)

Given how little time people with diabetes are able to spend with their HCPs, Dr. Edelman highlighted the
importance of empowering individuals to independently manage their blood glucose. He explained that
LifeScan's new OneTouch Verio IQ blood glucose monitor, which features PatternAlert technology, help
solve many of the challenges faced by patients monitoring their blood glucose. Dr. Edelman, who uses the
device himself, also focused on the product's ease of use, the accuracy of the OneTouch Verio Gold Test
Strips, and the device's eco-friendly design. Ultimately, Dr. Edelman presented the Verio IQ as a way to
optimize insulin therapy and stimulate insightful conversations to facilitate better self-management. To see
our review of the meter in diaTribe, please visit http://diatribe.us/issues/41/test-drive.

▪ Pattern management leads to improved glycemic control, but most patients act in the
moment rather than making decisions based on patterns. Dr. Edelman cited a study
demonstrating a 2.6 times higher chance of severe hypoglycemia following clinical patterns of low
blood glucose (Lee-Davey J. et al, LifeScan Scotland). Unfortunately, in a study of 315 individuals
using insulin, 76-79% treat out-of-range blood glucose results immediately, whereas only 10-17%
review other recent out of range results to see if there if there is a connection, trend or pattern. (We
would also note that making decisions based on patterns is challenging - historically, software has
not been designed to do this and few patients actually download their meters.)

▪ The OneTouch Verio IQ automatically provides high and low blood glucose pattern
alerts. The meter analyzes past blood glucose data as soon as it is measured. For example, if a user
has two lows within the same three-hour period over the previous five days, the Verio IQ will
immediately alert the user indicating a low pattern with the message, 'Looks like your glucose has
been running low around this time.' Upon clicking on the alert, the patient can see the specific
glucose values and times of the day used by the meter to identify the pattern.

▪ People with diabetes often don't understand the cause or solution to high and low
glucose patterns; the OneTouch Verio IQ Pattern Guide provides insights into their
causes and offers potential guidance. Though this paper guidebook is not meant to replace the
advice of a physician, Dr. Edelman believes that it can be a powerful informational tool for patients
to learn how to be proactive when interpreting blood glucose data. One side of the guidebook
addresses high patterns, while the other side deals with low patterns. The guide includes pullout
tabs for different periods of the day (before breakfast, after dinner, etc.) and suggests potential
causes and reasons why the pattern may have occurred. For instance, on the side for a low pattern in
the pullout for "Before Breakfast," potential causes include "Long periods of increased activity" and
"Too much intermediate or long-acting insulin before bed." It also lists potential actions to take,
such as adding a bedtime snack or reducing insulin doses. We like the user-friendliness of this guide
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and are glad to see LifeScan easing the often-challenging connection between blood glucose values
and therapeutic changes.

▪ Dr. Edelman listed other innovations of the OneTouch Verio IQ, emphasizing its eco-
friendly battery and the accuracy of its OneTouch Verio Gold Test Strips. He pointed out
the illuminated testing area, high-resolution color screen, and one-step meal tagging to highlight the
product's ease of use. The Verio IQ's battery is rechargeable (requires charging twice a month based
on five tests per day) and has a convenient one-minute rapid charge feature if the power is too low
for testing. The Gold Test Strip Smart Scan technology scans 500 times, correcting for common
interferences and does not interact with commonly used drugs (except for xylose.)

Corporate Symposium: Introducing FreeStyle InsuLinx - The Latest Advancment for Insulin
Users (Sponsored by Abbott)

WELCOME AND OBJECTIVES

Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX)

Dr. DeFronzo opened by noting the symposium's focus: introducing the newly FDA-approved Abbott
FreeStyle InsuLinx meter (see our take on the recent approval and our first experience with the device at
http://bit.ly/I3imrO). Dr. DeFronzo characterized the new meter as "quite an innovative advancement in
blood glucose monitoring" and a "unique glucose monitoring device." He noted that patients face a number
of barriers to achieving good glycemic control, and the FreeStyle InsuLinx has been designed to overcome
some of these barriers. Before discussing each speaker's topic and background, Dr. DeFronzo concluded
with a reminder that "we still don't do a great job in the US overall" - over half the people with diabetes in
the US have an A1c >7% and 25% have an A1c >8% (a source wasn't named). Dr. DeFronzo attributed some
of this lackluster performance to patients and physicians failing to review blood glucose data. If we can
improve patient-physician integration and information gathering (presumably by using the FreeStyle
InsuLinx), Dr. DeFronzo asserted that we can "markedly improve the level of glycemic control." We'll
certainly be interested to see future studies of the FreeStyle InsuLinx to that effect.

FEATURES AND BENEFITS OF FREESTYLE INSULINX SYSTEM

Bruce Bode, MD (Atlanta Diabetes Associates, Atlanta, GA)

In the symposium's main talk, Dr. Bode gave an upbeat overview of the useful features in the FreeStyle
InsuLinx meter. He honed in on the FreeStyle InsuLinx's Auto-Assist software and emphasized its "very
unique" on-meter storage (requiring no downloads or installation), the very useful Snapshot report, the
excellent graphical display of paired pre-meal/post-meal testing ("the major benefit of the FreeStyle
InsuLinx"), and integration of data with logged insulin doses. Dr. Bode acknowledged that the US version
does not have the bolus calculator, saying this was "obviously something to do with FDA". He asserted that
the FreeStyle InsuLinx is designed for insulin users, though he also believes it's "great for non-insulin users
too." The latter group on diet and oral therapy can especially benefit from the paired testing (reminding us
of Roche and Dr. Polonsky's work on structured testing). Dr. Bode was also a fan of FreeStyle InsuLinx's
testing reminders, its very quick setup, and the simplicity for patients to remotely send PDFs and results for
feedback. Dr. Bode closed by presenting three case studies (a type 1, a type 2 on MDI, and a type 2 on basal-
only) - the emphasis was on diagnosing problem areas and giving patients feedback. We thought he
persuasively highlighted the real clinical value of the FreeStyle Auto-Assist Software in this part of the
presentation. Although he was a fan of the touchscreen ("so simple"), Dr. Bode's features discussion was
very clearly centered on the FreeStyle InsuLinx's software. We'll be interested to visit Abbott's booth to
further understand how the company is positioning the meter for the US market.

▪ Dr. Bode urged attendees: "The report you must print out is the Snapshot report. You
must look at this." This report includes glucose and logged insulin data. Dr. Bode highlighted the
ability to customize target ranges based on patient type (pregnant vs. older with cardiovascular
disease risk) and the clear display of mean blood glucose and standard deviation. He recommends
that the mean blood glucose divided by two is an acceptable standard deviation. Dr. Bode also
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emphasized the importance of getting patients to log their insulin doses (on an interesting aside, one
of Dr. Jane Seley's patients has used the FreeStyle InsuLinx to log Symlin doses). The glucose data
displayed includes a bar graph depicting time in- and above-target, standard deviation, average
blood glucose, test frequency data, trends and averages over time, and notes (e.g., "100% of BG
values above target range (70-140 mg/dl) in morning" or "BG standard deviation may not be the
best indicator of glycemic control because the average is outside the range of 110-180 mg/dl"). The
Snapshot report also displays logged insulin data, including total daily dose and basal-bolus ratio.

▪ Dr. Bode concluded the presentation with three case studies using FreeStyle Auto-
Assist reports - themes included the ease of diagnosing problems and changing
therapy, the importance of showing patients a picture, the simplicity of report
interpretation, and patients' reluctance to do pre- and post-meal tests and log insulin.
When all three patients initially began using the meter, they infrequently did paired testing (pre-
and post-meal) and rarely logged insulin doses. The reports clearly revealed this and prompted a
discussion with patients.

◦ (1) In the first case study, Dr. Bode knew within 30 seconds that hypoglycemia
was a problem, as average blood glucose minus standard deviation put the patient below
70 mg/dl. He emphasized that the entire process occurred digitally, as the patient
uploaded the PDF, Dr. Bode reviewed it, and then called the patient to recommend
lowering his basal and increasing his meal-time boluses. Dr. Polonsky chimed in that the
graphical reports are really valuable from a psychologist's perspective as well, and they
may even prompt better cooperation and adherence.

◦ (2) The problem in the second case study was readily apparent after looking at
the modal day report: the patient's glucose average steadily rose between
dinner and bedtime. After Dr. Bode showed the patient the report, he admitted a
tendency to overeat at dinnertime. The solution was reducing the glargine dose and
increasing the bolus dose at dinner (The patient was resistant to trying GLP-1, though Dr.
Bode acknowledged in the session that 5 mcg of exenatide would likely be easily tolerated;
Dr. DeFronzo suggested pramlintide might also be useful).

◦ (3) The third case was a patient with hyperglycemic values throughout the
entire day. The suggestion was to increase basal insulin to get fasting glucose down. Dr.
Bode also removed the glipizide and sitagliptin, as the patient had a history of
hemochromatosis with cirrhosis and had just had a lacunar stroke.

UNDERSTANDING THE BARRIERS OF PATIENT LOGGING AND PATTERN MANAGEMENT

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

Dr. Polonsky discussed how not enough people with diabetes are keeping complete glucose and insulin logs
and the obstacles that are keeping them from doing so. He began the presentation by reminding the
audience of the importance of regular SMBG to improve glycemic control. Yet, in one Danish/British study
conducted in 2000 (Hansen et al., Diabetes Research and Clinical Practice), nearly a quarter of individuals
with type 1 diabetes checked their blood glucose less than once a week and only 39% checked it at least once
a day. Individuals with type 2 diabetes had similarly low rates of SMBG in the NHANES study from
1988-1994. Dr. Polonsky also explained that insulin users struggle to keep track of the daily activities that
influence their diabetes. Even amongst patients who reported occasional SMBG, only half reported bringing
their SMBG data to their medical visits and an equally low percentage actively responded to their SMBG
data. Dr. Polonsky believes that the three major obstacles keeping patients from faithfully monitoring blood
glucose are: (1) inconvenience; (2) patients do not view it as worthwhile; and (3) patients never go over the
data with their HCP. Concluding, Dr. Polonsky asserted that the FreeStyle InsuLinx can help address some
of these barriers, especially by making it easier to log data, see trends, and make therapeutic changes.

▪ People with type 1 and type 2 diabetes test too infrequently and struggle to log their
test results and insulin doses. Dr. Polonsky highlighted a 2011 self-reported survey of 500
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people with type 1 diabetes and 504 people with type 2 diabetes. The study found that a large
portion of insulin users are not logging their test results and even fewer are recording their insulin
dosing. Importantly, the fact that the data was self-reported mean that the percentage of patients
who do not log results is probably higher than the table below reflects.

Insulin users log their test results using

(%)

Insulin users log their insulin doses using

(%)

Do not log

results

36 51

Electronic

logbook

18 17

Paper logbook 46 32

▪ Few patients bring their SMBG data in when they meet with their HCP - even when
they do, few are actively responding to their blood glucose numbers. In a study of 869
individuals with type 2 diabetes who reported having at least occasional SMBG use, only 50% of
noninsulin users (NIU) and 58% of insulin users (IU) regularly brought their SMBG data to their
medical visits. Furthermore, these individuals did not take action in response to highs and lows:
56% of NIU and 54% of IU reported that they were just observing their numbers. Even when
patients do bring their information in, Dr. Polonsky noted that the data is often sparse,
disorganized, and hard to interpret. In response to this data, Dr. Bode asked the audience, "How
many of you are still willing to meet with a patient if they do not bring their meter or a log?"
Approximately a fifth of the audience sheepishly raised their hands - we would bet the number is
actually far higher. We also note that this would be easier for patients if they could see their HCP
download it for them, which doesn't happen in many centers (there are some exceptions to this - we
also see this changing through a Helmsley Charitable Trust initiative that you can see more about at
http://bit.ly/KcWzAc.) Dr. Bode said that if a patient does not bring their meter or a log to an
appointment, he sends them home to get it. Dr. DeFronzo jokingly added that Dr. Bode's office still
charges the patient for their visit to ensure that they bring their meter or log the next time.

▪ Dr. Polonsky stated that the three major obstacles preventing patients from regularly
monitoring their blood glucose levels are: (1) inconvenience; (2) a perception that it is
not worth the effort; and (3) their HCP either never looks at or discusses the data. Dr.
Polonsky said, "The daily 'job' of diabetes is already demanding enough" for individuals before
needing to spend the time to regularly check and record one's blood glucose levels. When nothing is
done with this information, patients become further frustrated and discouraged. He quoted one of
his patients as saying, "When my results are too high, I just get so mad and disappointed with
myself." Dr. Polonsky repeatedly emphasized that the emotional valance patients attach to their
blood sugar numbers causes them to avoid testing their blood glucose and/or act dishonestly about
their numbers. To try and counter this, Dr. Polonsky gives his patients stickers to place on their
meters, which say 'Remember, it is just a number.' Many HCPs also find meters are cumbersome to
download and the data patients do record is often difficult to interpret. The result is data that is not
reviewed at all, which leads patients to conclude that the data is not worth gathering (or that it can
be gathered dishonestly). In one particularly unsettling case, Dr. Bode mentioned he had a young
patient who used her lunch money to pay students at her school to prick their fingers. While she had
perfect blood glucose numbers on the meter, her A1c was very high. Dr. DeFronzo concurred and
said that he believes many patients want to impress their HCPs more than they want to take care of
themselves.

▪ Dr. Polonsky believes that patients will check and log their blood glucose more
faithfully if it is more convenient to do so and if their HCPs take the time to review the
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data. Dr. Polonsky's STeP study found that if physicians have the time to sit with patients and
review their data carefully, then patients were more likely to track their blood glucose and insulin
dose. A1c levels decreased significantly relative to the control (Polonsky et al., Diabetes Technology
& Therapeutics 2011). Dr. Polonsky emphasized that HCPs should use this data not just to answer
their own questions, but questions that are important to the patient. Key in all of this is having data
presented in a way that highlights trends - such representation would help HCPs and also increase
the number of patient 'ah-ha' moments. Dr. Polonsky reviewed an example to illustrate this point.
One of his patients had a similar meal each morning and measured her blood glucose right before
the meal and two hours later for a week. She logged the data in a structured table, making it easy for
her to determine her average blood glucose change. She was motivated by the obvious impact her
data collection was having on modifying (or in this case maintaining) her treatment and wanted to
know what questions they were going to look at next. Dr. Polonsky concluded by saying that he likes
that the new FreeStyle InsuLinx system allows data to be collected in a way that causes trends to
'pop', and that it would have made his patient's breakfast experiment even easier.

PANEL DISCUSSION

Panelists: Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX);
Bruce Bode, MD (Atlanta Diabetes Associates, Atlanta, GA); William Polonsky, PhD, CDE
(Behavioral Diabetes Institute, San Diego, CA)

Dr. DeFronzo: These cases demonstrate how easy it is to use the instrument. It gives a clear
picture and helps patients and providers see what's going on. Now getting to the questions. In
the cases, the patient had a low blood sugar at night and a high sugar during the day. Is that a
common situation? How do you handle this?

Dr. Bode: There is no question that often people over basalize themselves. They never take enough meal bolus.
It's a knee jerk reaction to the blood glucose running high - up the basal. What that patient needed to do was
lower the Levemir and increase the meal dose. It's a very common problem in both type 1 and type 2s on MDI.
It's especially common in type 1s on a pump. It's really a knee jerk reaction from the HCP - go up on the basal.
Really, you need to cut the basal and go up on the meal dose insulin.

Q: What are your thoughts on Levemir versus glargine?

Dr. Bode: Our hospital just did a weight loss based switch study in which patients went from Humalog to
Novolog and Lantus to Levemir, which made no sense. Both insulins work and it does not matter what type of
insulin is prescribed. However, there are some special circumstances, such as young individuals with type 1
diabetes, who only need small doses of insulin. Therefore, you need to give them two small doses because the
larger the dose you give, the longer it lasts. The smaller the dose, the shorter it lasts. Levemir can be
prescribed for twice a day, while many others cannot

Q: How do you see this system integrated with pump therapy?

Dr. Bode: Lots of pumps are integrated with link meters. OneTouch has the Ping into the Animas system.
Medtronic initially had BD, and then Novo Max came in. There was the J&J LifeScan meter and now the
Bayer Contour Link. Then you have the FreeStyle meter in the OmniPod system. The major benefit of the
FreeStyle InsuLinx system is the paired testing. I'd love to have it link up, but it's really the ability to get the
paired testing. And you don't need anything - no software. The cable comes with the meter. You can put it on
your iPad. You can put it on your Mac device or any PC device. I encourage you to talk to your Abbott rep and
go to the booth. It's amazing and an impressive thing that the software is built in.

Q: I have a patient who refuses to check their blood glucose more than once a day. How would
you approach this patient?

Dr. Polonsky: Being a psychologist I would start by asking them questions. I would ask them 'what is in your
way from checking more often?' Often you will find that your patient says that they do not see the value in
monitoring their blood glucose. We need to be able to sell the value. We have to tell them 'here is how I am
going to use that data to make your quality of life better.' In response to the earlier question I am concerned
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about how easy it is to overwhelm people. When I think about all the software on this device, and all the
possible summary data and graphs, I am concerned that it may overwhelm either the HCP or patients, and we
need to be careful about that.

Dr. Bode: You may just want one Snapshot report. Typically you just use a few reports. Meal average,
Snapshot, and Logbook. I probably would get rid of the rest. But it only takes about three minutes to set it up.

Q: Dr. Bode, you said if your patients showed up without a meter, you said you sent them
home. Can you expand upon this?

Dr. Bode: We mandate that you have a downloadable meter. If you bring in a log that's perfect, we'll certainly
look at it. But we want the meter to validate it. If a patient doesn't bring it, our medical assistant says 'Go
home and get it. We'll fit you in the afternoon." I cannot help them if they don't bring the meter in. What am I
going to do, socialize with them? If a patient's A1c was 10%, I might say, 'Well what were you overnight?' The
patient response might be 'Well I don't know.' And I would say, 'What were you during the day?' And the
patient might respond, 'During the day, I'm doing well.' What do I do in that case? I'll put them on
professional CGM if I need more data. I do that all the time. A picture is worth 1,000 words. Once you see it,
it's a game changer.

Dr. Polonsky: As the psychologist on the panel, I get queasy at the idea of sending patients home if they don't
bring in their blood glucose data. But it does send a message that it's so valuable. In qualitative studies, we ask
patients why they don't check their blood glucose. The response is 'No one looks at the data.' It's so powerful
when patients know that this is so core to what we're doing that I cannot talk to you without it. That sends a
powerful message.

Dr. DeFronzo: You showed it in the STeP study. When doctors looked at the data, the
improvement was bigger. Bruce is saying the same thing. That offers a big whack on the side of
head when the patient shows up.

Dr. Polonsky: Those patients in the intervention group that didn't bring in data didn't show a benefit. That
conversation between the patient and provider was critical.

Q: I believe that if the patient is not writing in a logbook, he is unlikely to log data in a meter
either. What do you think?

Dr. DeFronzo: There is a big difference between having to write something down and just having to touch a
button.

Dr. Bode: I agree with Dr. DeFronzo - with technology you can just touch a button and it will log the data for
you; it is seamless. There is a big difference between writing something on paper and having technology
record it for you. For example, when I write down notes at these meetings and then get home and look at them
I go 'what are all these notes?' But if I was using a technological system like this then it keeps all those notes
straight.

Dr. Polonsky: We have seen that making data logging easier and more convenient causes a big improvement
in the rate at which patients record data.

Q: How often do you get complete data on insulin users?

Dr. Bode: The problem is when people have multiple meters that don't talk to each other. We'd like patients to
have one meter. We also encourage meter companies to talk to each other. People might have four meters,
and if you could upload and get them to one database, that's beneficial. I encourage patients to use one meter.
You don't want them using two or three FreeStyle InsuLinx meters. People always need to carry the same
meter and work on that. Whatever makes it easy and simple for a patient, the compliance increases
dramatically.

Dr. Polonsky: I almost never see patients with comprehensive data. The reason is that I typically see patients
who are struggling. But I love hearing about patients that are doing well.
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Q: Earlier in the talk, Dr. DeFronzo mentioned splitting the insulin dose when you get above
60-70 units. What do the other speakers think of this?

Dr. Bode: When you're taking a dose of insulin and you get above 40 to 50 units of these long acting units,
then you do not need to split it. However, when you get to over 100 units, then you clearly have to split it
because it will require two syringes. In that case, I will definitely look at and probably modify what they are
taking.

Dr. DeFronzo: Both glargine and detemir work for 24 hours. Did you see a tapering of the dose
in the last six hours?

Dr. Bode: There is no question that there is dose tapering. It is prolonged a little more with Levemir than
glargine. At about 0.1 units per hour, they last six to seven hours. Doses of 0.4-0.8 units per hour last much
longer. For type 1s on a low dose, you have to split it a lot.

Dr. DeFronzo: For type 2s, you may be giving what you think is a reasonable dose of insulin, but they're
severely insulin resistant.

Q: Currently, many of the treatment guidelines do not use blood glucose values for adjusting
patients' dose; they focus on A1c. Since we are at the ADA, I was wondering if you would push
the ADA to add blood glucose values to the guidelines?

Dr. Bode: Many studies that helped determine these guidelines, including ACCORD, were A1c driven. Yet, one
A1c value in one individual may mean something very different in another individual. You have to look at
blood glucose levels when making decisions about treatment. There is no question that you need glucose data.

Dr. Polonsky: Another reason to encourage blood glucose monitoring is that it is one of our least used
motivational tools. Usually it is a de-motivational tool. But I think what we saw here is that it is valuable for
physicians and valuable and impactful for patients when done well.

Dr. DeFronzo: I particularly like that you can look at blood glucose levels over the week because it is easy to
see for both the HCP and patient what needs to be done.

Dr. Bode: I agree. When showing this data, it's key to make sure that you are not blaming the patient or
making them feel bad about the data.

Q: We use a dosing tool with an insulin adjusting formula. Will the reports ever be available as
a .CSV file that can be turned around and sent back?

Dr. Bode: That's a good point. That file would go into an Excel file or a database. We do this in our hospital
with Glucommander. Actually, we recently got approval for outpatient use of Glucommander for
subcutaneous insulin. We're encouraging meter companies to do provide reports in this format. It's key to
trying to close the loop for patients. We think you need to touch base with people weekly and encourage
positive reinforcement. I like the idea uploading from home and sending the PDF - I love the digital format
and using an automated system for dosing. Most people just don't know how to adjust insulin appropriately.

Corporate Symposium: Setting the Stage for Better Type 1 Diabetes Care - Live Clinician-
Patient Conversations on the Challenges of Continuous Insulin Infusion (Sponsored by Lilly
USA)

FACULTY PRESENTATIONS

Steven Edelman, MD (University of California, San Diego School of Medicine, San Diego, CA);
Peter Chase, MD (Barbara Davis Center, Denver, CO); Howard Wolpert (Joslin Diabetes
Center, Boston MA); Howard Wolpert (Joslin Diabetes Center, Boston MA)

Dr. Edelman gave a comprehensive overview of CSII, beginning with the history of insulin pumps and the
main features of current technologies. He noted that pumps have a number of advantages over MDI,
including enabling better glycemic control, less weight gain, and more lifestyle flexibility. However, pump
therapy also lead to irritation at the infusion site, unexplained hyperglycemia, or improper medication due
to technology malfunction or improper use. Dr. Chase discussed who should use insulin pumps, as well as
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contraindications for insulin pump therapy. He noted that those starting on pumps should be willing to self-
monitor blood glucose, have motivation/desire to use a pump, have family support, and be knowledgeable
about diabetes. According to Dr. Chase, contraindications to insulin pump therapy include lack of
motivation, unwillingness to self-monitor, and non-adherence to injection regimens. Dr. Chase also touched
upon suggestions for pump therapy in pediatric populations (including those under six years of age) and the
benefits of pump therapy for preventing post-exercise hypoglycemia. Finally, Dr. Wolpert discussed the
adoption and use of pump therapy and emphasized that physicians need to focus on engaging patients in
their own self-care. He opened by noting that while diabetes technology can make treatment more
manageable, it also imposes additional burdens that physicians should consider when individualizing
treatment approaches. Dr. Wolpert cautioned that "early young adults," people aged 18-25 years, balance
competing priorities that can distract them from diabetes care and may not be strong candidates for CSII
use. Like Dr. Chase, he underscored that patients who adopt pump therapy should be skilled at diabetes self-
management. Dr. Wolpert concluded his talk with a brief discussion on the role of CGM in diabetes
management, noting that while CGM use has several advantages, patients must have realistic expectations
of the technology and an understanding of its drawbacks.

LIVE CLINICIAN-PATIENT CONVERSATIONS AND DISCUSSIONS

Dr. Chase's patient, 17-year-old Monica, discussed her twelve-year experience with insulin pump therapy
and the situations she expects to face upon entering college this fall. Monica stated that her favorite aspect
of pump therapy was that it allowed her to snack often without worrying about injections. She noted that
this advantage would be particularly useful during college because students often eat at irregular times. Dr.
Wolpert's patient, Paul, then touched upon the burdens associated with use of CGM and pump use, how he
uses the technologies in conjunction with exercise, and how he uses the data from his CGM. Finally, Dr.
Edelman's patient 76-year old patient Barbara (who was misdiagnosed with type 2 diabetes at 64 by five
physicians before being correctly diagnosed with LADA) described how she has adjusted to a CGM and
pump, despite not being "tech savvy." Throughout her comments, she stressed the importance of doctors
listening to their patients.

PANEL DISCUSSION

Peter Chase, MD (Barbara Davis Center, Denver, CO); Howard Wolpert (Joslin Diabetes
Center, Boston MA); Bruce Bode, MD (Emory University School of Medicine, Atlanta, GA);
Steven Edelman, MD (University of California, San Diego School of Medicine, San Diego, CA);
and their patients.

Q: How often would you start a patient on pump therapy with saline first?

Dr. Edelman: I typically do not and I don't think I ever have. Because by the time I think a patient would do
well on pumps, I think using saline not needed in my experience.

Dr. Wolpert: It varies. With some patients there's value in using saline so that the patient can get used to
using the pump technology and the controls. But for most patients, we put start them with insulin. But it's
something that should be individualized for each patient.

Monica's Mom: Monica was five when she started the pump and before we let her use it, my husband and I
wore the pump for a few weeks to understand how it works. That process helped us a lot. It was invaluable.

Dr. Bode: I encourage all HCPs to wear a pump and to wear a sensor so you understand what it is like.
Especially when starting children on a pump, it's great to put the parent on the pump first.

Dr. Chase: By our standard, almost everybody does a week or so of saline and performs a set change at home
before they come back and start insulin with the pump . If they're coming from out of town, maybe they'll start
insulin right away, but 98% of our children begin on saline.

Q: How early can you start pump therapy after diagnosis? Would you start a patient within six
months of being diagnosed?
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Dr. Chase: There are studies that I am involved in that are putting newly diagnosed patients immediately on
the pump. The reason is because when someone is recently diagnosed, the liver is producing huge amounts of
sugar because there is no insulin. We hypothesize that by turning off the liver early, we might prevent some of
the glucotoxicity that destroys the islet cells and we can help people produce insulin for longer periods. If we
show that we can shut off the destroying of the islet cells by glucotoxicity, everyone may go to the hospital
after being diagnosed for a period of closed-loop pancreas before going home on the pump to keep their
pancreas working. If they do that, they may be less likely to have hypoglycemia and develop complications.

Dr. Edelman: when it comes to type 1 diabetes, and maybe all diabetes, there really should be no hard and set
rules for anything. I don't think there should be a set time frame or age limit for pump therapy. I have a
patient that has done extremely well - he's blind and he's had incredible control over his insulin pumps. I
don't think there should be any limits.

Q: Any data on pump therapy with the elderly?

Barbara: As the patient population matures and there are more of us diagnosed as type 1 later in life, there
will be a greater need to include elderly in clinical trials.

Dr. Bode: Dr. Wolpert and I were in a JDRF group that was studying CGM and we only had 5% elderly who
were on CGM and so it was hard for us to submit the data to FDA.

Dr. Edelman: I've been to the Medicare hearings in Baltimore and something I don't understand why they
think that diabetes is easier to control when you go from 64 to 65. When I went to San Diego as a fellow in
1987, there was a group called insulin pumpers. They are still a strong group and one thing I noticed the last
time I was there was that many members are starting to reach retirement. It's nice to know that people are
living long enough to be in that age group, but the government isn't prepared.

Q: In the previous presentation, one of the contraindications for pump therapy was
hypoglycemia unawareness if you live alone. I have a patient had hypoglycemia unawareness
who lives alone and I thought pump therapy would be good for her. Am I wrong?

Dr. Edelman: A meta-analysis of over 15 studies showed that the chances of having a severe hypoglycemic
episode are lower with a pump. I think that the first step for that patient would be CGM. That would have a
more beneficial effect than a pump.

Dr. Bode: I think that's a mistake in the slide. Many people who live alone wear a pump. I agree that you
should use a sensor. Always, when starting therapy, you should decrease the insulin dose just to be safe.

Q: There is no insulin approved for under age 3. What should pediatric endocrinologists do?

Dr. Chase: This has been a real problem in pediatrics. Previously there was no approval of any type 2 agent for
pediatrics. So you use these medicines by "physician discretion". Now the FDA is starting to tell companies
that they have to prove that their medications are safe in children and I applaud this approach by the FDA.
While it may make the development process longer, it's a good precaution to take.

Dr. Bode: Insulins have be proven safe through multiple analyses and tests - that's been done. The problem is
that when people are younger than age three, it's harder to get them to enroll in a trial.

Q: Pumps cost more than injections. The President's address talked about tsunami of diabetes
coming to the US and the rising cost of healthcare. Do you think you're wasting the
government's money by being on a pump?

Barbara: I'm paying for my pump, so I'm not wasting the government's money.

Monica: No. I think it's definitely worth it. It helps me out.

Dr. Bode: So basically, it's like saying, "Do you treat breast cancer in a women?" If you look at cost
effectiveness data, the cost of CGM and pumps are clearly within the guidelines of paying for healthcare. If
you have to live day to day with diabetes and try to manage with multiple daily injections, you see that it's not
an easy disease to live with. There's quality of life involved. That's one of the goals of diabetes management -
trying to live a reasonable quality of life.
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Q: Why does giving insulin 10-15 minutes before a meal increases glycemic control while
giving it after the meal or just before the meal doesn't?

Dr. Chase: If you're really trying to lower A1c - and this is more of an issue in teenagers when hormones are
increasing and the risk of complications goes up dramatically -giving a bolus 15 - 20 minutes before a meal
helps the glucose levels stay below 180 mg/dl. The ADA said that people should not have glucose levels above
180 and there's no way you can keep it below 180 without giving a bolus before you eat.

Q: Paul when you were younger, you rebelled and did not adhere to your regimen. Did it help
when HCPs told you that if you don't manage your disease, you'll get major complications?.

Paul: No, not at all. You don't internalize it until you actually see something happening right in front of your
face. For a lot of people, it takes a sign to motivate behavior change and that's certainly true for diabetes. It's
the same decision balance model as any other sort of behavioral activity. Are the benefits going to outweigh
the effort it takes to accomplish a task? Even now, I do things that I know will raise by blood sugar, but I make
that decision.

Q: When will we have closed loop out there?

Dr. Chase: It will come in parts. The first part with be turning off pumps in response to low glucose levels.
That should occur in one to two years in the US. The second part will be turning off the pump with predicted
low sugar levels, which will likely take three to four years.. The third part is just having closed loop when
someone is lying in bed at night. The mean A1c for teenagers in the type 1 diabetes registry during the past
year has been 8.6-8.7% - this is where we were 20 years ago. We have not made a lot of progress. I think that
if you can even control that for the hours that they are asleep, that will help. I think it will come in stages and
it will be a couple of decades before we see it fully complete.

Dr. Wolpert. I agree that it will come in steps. The pumps today are essential the same as those 20 years ago,
with changes in ease of use and delivery. I think for the next couple of years, we're talking about proof of
concept studies to show that the technology will be effective.

Dr. Bode: I think capitalism is great - there's a lot of competition out there. People are working to make faster
insulin and different types of sensors. Outside the U.S., I think it the closing of the loop will happen a lot
quicker. JDRF said it will have a closed loop system somewhere in the world within 4 years. It will probably
not be in the U.S. though. Clearly, I think everything will get better and I think its great to have competition
out there. Clearly you will see a lot happening in the next few years. Hopefully Barbara won't have to pay for
sensing in the future. We're trying to show that sensing really saves money. The registry run by the Helmsley
shows that when you go on pump or CGM, the A1c is 1 point lower than with MDI, though the patients may be
more compliant to begin with.

Private Event: Hospital-Based Glucose Control (Sponsored by Echo Therapeutics)

COMPANY INTRODUCTION

Pat Mooney, MD (CEO and President); Wayne Menzie (Director of Technology and Clinical
Development); Rajko Ilic (VP Product Development, Echo Therapeutics, Philadelphia, PA)

Dr. Mooney welcomed roughly 30 attendees to Echo's symposium, held in a spacious gallery at the
Pennsylvania Academy of Fine Arts. Standing beside Thomas Eakins' famous painting of Dr. Samuel Gross,
Wayne Menzie reviewed the clinical need for glucose control in the ICU, as pioneered by Dr. Greet Van den
Berghe and still widely endorsed by clinical organizations worldwide (even though targets are no longer as
tight as proposed by Dr. Van den Berghe, following the unsuccessful performance of the intensive control
arm in NICE-SUGAR). Rajko Ilic then discussed Echo's product development efforts, which have been
informed by multiple interviews and focus groups with nurses and physicians. He closed with a video
demonstration of Echo's Symphony transcutaneous continuous glucose monitor (tCGM) as it would be used
in the ICU. After the nurse has mechanically abraded the skin with the Prelude SkinPrep system, the sensor
is worn for 24 hours, during which it wirelessly transmits CGM data every minute to a nearby data display
screen (which alarms audibly and visually in hyper- and hypoglycemia).
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PANEL DISCUSSION

Moderator: Pat Mooney (Echo Therapeutics, Philadelphia, PA)

Anthony Furnary, MD (Starr-Wood Cardiac Group, Portland, OR); Jeffrey Joseph, DO
(Thomas Jefferson University, Philadelphia, PA); Stanley Nasraway, Jr., MD (Tufts Surgical
Center, Boston, MA); Eileen Donnelly, RN, BSN (Thomas Jefferson University, Philadelphia,
PA); Samir Farah (Echo Therapeutics, Philadelphia, PA)

The majority of the symposium consisted of a star-powered panel discussion featuring Dr. Anthony
Furnary (the father of tight glucose control in cardiac surgery), Dr. Jeffrey Joseph (a founder of Animas
and frequent consultant on glucose monitoring to the FDA), and Dr. Stanley Nasraway (head of Tufts'
surgical ICU, where he has led the center's adoption of tight glycemic control). The panelists outlined
various success factors for inpatient CGM, including: some combination of point and trend accuracy (with
the details to be discussed at an FDA public workshop on June 25), invasiveness (an area where Dr. Furnary
said Echo is the clear leader), cost, and interactivity (or "fussiness," a quality with which clinicians cannot
abide). Frequent analogies were drawn to pulse oximetry, which was initially used as an adjunct to point
estimates of blood oxygenation in the ICU, then became adopted more and more widely in other areas of the
hospital as providers perceive its clinical value and payors/administrators recognize its cost-effectiveness.
The overwhelming sentiment from the panelists was that they and their colleagues are hungry for inpatient
CGM and eager for regulatory approval - as Dr. Joseph noted, "This is the first technology I've been
involved in where the end user wants the technology and we can't get it through."

Questions and Answers

Q: I think in the past few years, widespread consensus has developed that we need CGM in the
hospital. A number of CGM sensors are already approved, at least for ambulatory use. There is
a poster on Sunday showing the FreeStyle Navigator in the ICU. Multiple products will be
commercialized for inpatient use. From your perspective as clinicians, what are the top three
factors that would make you decide on which CGM sensor you would use? What do you think
will make Symphony attractive in the coming shootout?

Dr. Nasraway: The issues you raise are true not just for CGM but for a wide panoply of devices in ICU
patients. Often these are among the most expensive products in the hospital - how do we decide among
devices, or whether to get devices at all? The advantage of the Prelude/Symphony system is that it's
completely noninvasive. When I was first asked to help Echo in 2005 the transcutaneous penetration used
ultrasound, which was finicky and more expensive. Clinicians found it intimidating, awkward, and unlike
other products they use. The new handheld applicator that vibrates like electric toothbrush is much easier to
use. It is also a less expensive and more effective abrasive maneuver.

To influence us at Tufts, it would have to be combination of low-hassle - nurses will pitch fussy technologies
out the window; in the past we have bought products and then not used them because the form factor wasn't
good enough. I think some sort of reasonable acquisition and maintenance cost will also be important.
Healthcare is right up top in major issues facing Massachusetts, as it is nationwide. Just today the
Massachusetts House of Representatives passed a measure to reduce paybacks to providers, and to assess a
20% luxury tax on hospitals who overcharge. So I think the two main issues are fussiness and cost, with
reasonable accuracy.

Ms. Donnelly: I think the most noninvasive, non-cumbersome monitoring device will be key. Patients are
already inundated with central lines, and often they are intubated and on ventilators. We don't want
something to make it more cumbersome.

Q: Are those real savings in your mind?

Ms. Donnelly: We now do Accu-Chek tests every two hours, and every one hour for patients on insulin. This is
a huge amount of time, and the repeated fingersticks are painful for patients.
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Q: What do you think it will take to convince both CMS and insurers to switch from direct
blood sampling to the next generation of CGM?

Dr. Furnary: Just cost-effectiveness.

Your first question was the best one - what do you see the shootout looking like. I think it will come down to
four factors: 1) invasiveness, 2) accuracy, 3) cost, 4) interactivity. Right now cost and interactivity are taking a
back seat. Companies are either heading down accuracy and not worrying about invasiveness, or - like Echo -
focusing on invasiveness and working to meet the current standard of accuracy. Once approved, each will go
for the other element - the highly accurate sensors will move toward less invasiveness, and Echo will improve
its accuracy. Only one company will win noninvasively, and that is Echo. With continuing modifications of the
algorithm, it will become more and more accurate. Thus I think Echo is the most well positioned to be a
competitor.

The other elements come down to cost-effectiveness for administrators and ease/interactivity for nurses. In a
really good setting, a BG measurement takes five minutes - one twelfth of an hour. We are spending between
$170 and $250 per patient per day to monitor blood glucose.

Dr. Nasraway: It's not just in strips and the monetary price of nursing time - I think the greater gain is that if
nurses are not using 1980s-era technology to measure intermittent glucose, they can take the time to be a real
nurse at the bedside - this will add unmeasured benefit.

Ms. Donnelly: I think the time issue is critical, too - if you have to make an insulin drip infusion change based
on a blood glucose reading that is supposed to be taken at 2 pm, you may not actually have a chance to take
the measurement until 2:20 - whereas if you have something that takes a continuous readout, you could act
faster.

Dr. Joseph: In our facility we take 32,000 glucose tests per month - 4% of these readings are below 70 mg/dl,
and 20% are above 200 mg/dl. CGM trend data will become widely seen as critical. As it was with pulse
oximeters in the ICU, once you can see trend data, you'll never want to go back to 'flying blindly' with
intermittent measurements.

Q: In the CGM oral presentations, a competitive company called into question the data of other
companies [Editor's note: see coverage of Dr. David Price's oral presentation above]. Do you
clinicians have opinions on the quality of Echo's data and what will be good enough to get to
market?

Dr. Furnary: I have been doing this for 20 years. I think anything as good as point-of-care glucose is good
enough - I get point-of-care measurements every one or two or four hours, and we avoid hypoglycemia 99% of
time with a target range of 70-110 mg/dl. For me, even the current accuracy is enough with our protocol. This
will vary by center… but what really matters is what FDA says. Go to Maryland on June 25 to find out - weth

still don't know what benchmark the agency will set. [Editor's note: for more on the FDA's upcoming public
meeting on clinical study design and performance of hospital glucose sensors, see http://www.fda.gov/
MedicalDevices/NewsEvents/WorkshopsConferences/ucm304483.htm.]

Dr. Joseph: Regulatory agencies have recognized that it's not just about the point accuracy, it's about the
trend accuracy. We have to figure out how to show trend accuracy to get approval. Once a system is approved,
clinicians will use it and develop protocols. The FDA is on our side; they would love to see inpatient CGM
approved.

Dr. Mooney: You are on the FDA panel on June 25. Dr. Joseph was on a panel at ISICEM in
Brussels that seems that it will lead to recommendation that point accuracy be in the 12%-13%
range, on the basis that frequent measurements would reduce the need for point accuracy.

Dr. Furnary: Where do you think FDA will come out on continuous monitoring requirements?

Dr. Joseph: They are not sure where they stand, looking for us to give them advice, hence this workshop. It
will be a combination of point and trend accuracy, to be defined.
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Artificial Pancreas and Insulin Pumps

Oral Sessions: Closed Loop Systems

STATE OF THE ART LECTURE - PITFALLS IN THE DEVELOPMENT OF A CLOSED LOOP

William V. Tamborlane, MD (Yale University, New Haven, CT)

After reviewing the state of closed-loop research (including his own group's recent work with Insuline's
infusion-site-heating InsuPatch), Dr. Tamborlane proposed that the biggest remaining obstacle is to ensure
that a system's malfunctions will not result in harmful overdelivery of insulin. Underdelivery of insulin has
also been raised as a concern, however, most notably in the FDA's review of Medtronic's low glucose
suspend (LGS) Veo pump/CGM. To investigate whether erroneous insulin suspensions could reasonably
cause diabetic ketoacidosis (DKA), Dr. Tamborlane and his colleagues conducted a crossover-design
experiment in pump-using adolescents and young adults with type 1 diabetes (n=14), in which participants'
pumps were suspended for two hours on random nights. On the mornings after these suspension events,
significant rises were seen in the levels of both blood glucose (199 vs. 151 mg/dl) and the ketone beta-
hydroxybutyrate (0.11 vs. 0.07 mmol/l). Encouragingly, however, the mean rise was not clinically
significant, and the highest single ketone reading (0.6 mmol/l) corresponded to only mild ketonuria. Dr.
Tamborlane said that every sane person in diabetes supports LGS, provided the system is assured to be safe.
Based on his own group's results and the findings from the inpatient ASPIRE study (presented by Dr. Satish
Garg later in the session), so far he is taking a positive view on the safety and efficacy of the Veo as the first
small step toward the goal of an artificial pancreas (which to him means a system that provides fully
automated, 24-hour control as well as remote data transmission).

Questions and Answers

Q: You said that the ultimate obstacle is overinfusion of insulin. Is that really the ultimate
obstacle? I would wonder if it's actually cost, given what is happening with payors for type 1
diabetes.

A: Dr. Hirsch is obviously from a blue state, where the lowest common denominator of care is delivered for
everyone. I am really not prepared to discuss cost, though I think all the company people need to pay
attention to this. We all want to make things available and hopefully this won't be an obstacle.

Q: It is gratifying to see that overnight LGS is safe. But I am still concerned that people will
make behavior changes if they think they are protected, and perhaps give higher boluses at
dinnertime than they otherwise would. Then if the system is reading low, there could be
problem.

A: There is a big turnout at this session because we all envision automatic glucose control. This was
Medtronic's smallest step they thought they could get through the FDA - we would hate to get hung up on the
Veo. We would like to have suspension for predicted lows, so you don't even get an alarm - alarm fatigue is a
big problem. Another FDA concern with the Veo was that A1c would increase A1c. But even in the JDRF CGM
trial, we said we would accept an A1c rise of 0.3% in well-controlled patients if it meant less hypoglycemia.
Another consideration is that use of CGM in individual patients is a delicate balance between benefits and
hassles (which are the main reason people stop using it now). Increasing the benefits would increase the
likelihood that patients would use these technologies. There are lots of downstream consequences, intended
and unintended, of closed-loop research.

Q: Might GLP-1 agonists be a way to suppress glucagon in type 1 diabetes?

A: We are very excited. I see friends from JDRF in the audience. We have proposal to titrate GLP-1 receptor
agonist dose in both open- and closed-loop. That was a very nice softball question.

AUTOMATIC INSULIN PUMP SUSPENSION FOR INDUCED HYPOGLYCEMIA: THE ASPIRE
STUDY (221-OR)

Satish Garg, MD (University of Colorado Denver, Aurora, CO)
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Dr. Garg reviewed the in-patient ASPIRE study of Medtronic's low glucose suspend (LGS) pump/CGM
system. As a reminder, the crossover-design study showed that for patients undergoing exercise-induced
hypoglycemia, suspending insulin delivery restored normoglycemia faster (and with similar negligible risk
of rebound hyperglycemia) compared to when the LGS feature was not activated and insulin continued to
be delivered (see additional details in our coverage of Dr. Garg's ATTD 2012 presentation at
http://www.closeconcerns.com/knowledgebase/r/5c03a58a).

THE ORDER EFFECT OF THE IN-CLINIC ASPIRE STUDY: HYPOGLYCEMIA BEGETS
HYPOGLYCEMIA (220-OR)

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

Immediately following his review of top-line ASPIRE data, Dr. Garg explained that patients who underwent
LGS-on experiments on their first study day (Group A) recovered from hypoglycemia much faster than
those whose LGS-on experiments came on the second study day (Group B). Indeed, the between-group
difference was 63.7 minutes (107.8 vs. 171.5 mg/dl; p<0.01). The difference seems to be due to the fact that
on the second experimental day, patients were still affected by the hypoglycemia induction from the first
experimental day, even following the 3-to-10-day washout period. (The mechanism may have involved
depletion of glycogen stores or loss of counterregulatory response - unfortunately data were not collected to
investigate either of these hypotheses.) Dr. Garg proposed that future crossover-design studies of
hypoglycemia induction should use a longer washout period to avoid order effects. He also hypothesized
that real-world use of LGS, by reducing exposure to low blood glucose, could potentially help halt the vicious
cycle of hypoglycemia begettting hypoglycemia. However, as Dr. William Tamborlane noted during Q&A,
exercise-induced hypoglycemia is quite different from low blood sugar during deep sleep, so the only way to
truly understand the latter is through the ongoing outpatient ASPIRE study (the pivotal trial for the US
version of the Veo, which recently began the FDA review process; see our coverage of Medtronic's recent
analyst day at http://bit.ly/LhilPw). Dr. Garg said the outpatient results could be ready in time for next
year's ADA - we're already looking forward!

▪ The Medtronic-funded ASPIRE study was designed to assess the low glucose suspend
(LGS) feature of the Veo pump/CGM in response to exercise-induced hypoglycemia.
The inpatient study's participants (n~50, mean age 34, mean A1c ~7.9%, BMI 27 kg/m ) first2

underwent a six-week washout period involving several clinic visits. As for the protocol itself,
patients entered the clinic early in the morning, after an overnight fast. (In order for an experiment
to begin, patients were required to have blood glucose of 100-140 mg/dl.) Patients then exercised
until YSI-measured plasma glucose fell to 85 mg/dl, at which time they stopped exercising and were
observed. Once the sensor glucose hit 70 mg/dl, the low glucose suspend feature was activated,
suspending insulin delivery for two hours. (If the patient failed to drop to 85 mg/dl within 10-15
minutes of exercise, he or she would take a break before re-initiating exercise up to five more times
in the visit.) If a patient's YSI blood glucose value ever fell below 50 mg/dl or rose above 300 mg/dl,
the experiment was immediately stopped and treatment administered - Dr. Garg said that between
the various requirements, roughly one-third of the inductions had to be repeated. The other arm of
the crossover study design used the same exercise protocol, but without the LGS turned on. Patients
were randomized to receive either Group A (LGS-on first) or Group B (LGS-off first), and the visits
were separated by a washout period of 3-10 days.

▪ Participants who underwent LGS-on experiments on their first in-clinic day (Group A)
had significantly shorter durations of hypoglycemia than those whose LGS-on
experiments occurred on the second day (Group B) - the between-group differential
was a whopping 63.7 minutes (107.8 vs. 171.5 mg/dl; p<0.01). That's a big drop - and also a
good reminder of how prevalent hypoglycemia is. People in group A also required significantly fewer
inductions before a successful LGS-on experiment occurred (0.36 vs. 1.57 prior inductions ,1

respectively; p<0.001). Related to their having fewer prior inductions, those in group A also had less
cumulative duration of YSI-measured hypoglycemia prior to a successful LGS-on experiment (16.6
vs. 204.6 minutes; p<0.01). Statistical analysis showed that the between-group difference in
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hypoglycemia duration could not be attributed to sensor glucose rates of change, exercise duration,
or spontaneous hypoglycemia (as measured by the area of the curve spent with glucose below 70
mg/dl in the two days prior to successful induction): the p-value was below 0.3 for all three.

▪ Dr. Garg presented a graphic of every-30-minute mean YSI values to illustrate that
LGS-On gave a better trajectory than LGS-Off no matter which days the experiments
were conducted; however, other measures seemed to make the order effect appear
more severe. At ATTD 2012, Dr. Thomas Danne showed that duration of hypoglycemia was not
statistically different between the LGS-On and LGS-Off experiments run on day two (171.5 min for
Day 2 LGS-On vs. 167.7 min for Day 2 LGS-Off min; p=0.4)). For more details from Dr. Danne's talk,
see page 5 of our coverage at http://www.closeconcerns.com/knowledgebase/r/aa724a9a.

[1] As a reminder, if a patient failed to drop to 85 mg/dl within 10-15 minutes of exercise, he or she would take a break before re-

initiating exercise up to five more times in the visit. Also, if a patient's YSI blood glucose value ever fell below 50 mg/dl or rose above

300 mg/dl, the experiment was immediately stopped and treatment administered. At ATTD 2012 Dr. Garg said that due to these

various requirements, roughly one-third of the inductions had to be repeated.

Questions and Answers

Q: You hypothesize that the order effect is due to impaired counter-regulation. That raises the
question of efficacy in those already known to have impaired counter-regulation. In deep
sleep, we have shown - and Dr. Cryer has confirmed - that you don't get a counterregulatory
response, even if you otherwise would. This finding does support the need for an at-home
experiment to see what happens when people are sleeping and not on a treadmill, which is
totally different.

A: We hope maybe by next year's ADA to have results from the in-home study.

Q: Your data captured only events where YSI crossed below 85 mg/dl. I guess this means that
events where the sensor might have erroneously suspended at a higher glucose level are thus
not captured. Can you explain this rationale?

A: I wish I could go into the details of the regulatory hurdles. The protocol was written so strictly that
observation could start only if YSI glucose was below the given number. However, it is likely that many times
the sensor glucose would caused LGS events earlier or later. In hindsight we should have had more leverage.

Q: So for the LGS-Off condition, how was basal insulin delivery handled?

A: It was continued, even when the sensor glucose fell below 70 mg/dl. There was no choice in that.

AUTOMATED MANAGEMENT OF BLOOD GLUCOSE IN CHILDREN WITH TYPE 1 DIABETES
USING A BI-HORMONAL BIONIC PANCREAS (222-OR)

Edward R. Damiano, MD (Boston University, Boston, MA)

Dr. Damiano gave us an "anecdotal" perspective on his team's research in this thrilling talk, which included
a first-ever look at the iPhone-driven system that will be used in upcoming five-day closed-loop
experiments. His group has developed a universal algorithm that can be initialized with only one variable
(body weight) and thereafter is robustly adaptive to account for the wide inter- and intra-individual
variability in insulin needs (two-to-three-fold changes in insulin dosage are possible within 12-to-24
hours!). Pre-meal priming boluses (which require the patient simply to input whether they are about to eat
a low-, mid-, or high-carb meal) allow more robust adaptability, but systems without pre-meal priming
offer performance as well. Dr. Damiano looks forward to trying out the group's latest system in a five-day
transitional study as early as late fall/early winter 2012, pending FDA approval of the device (the IDE will
be submitted in six-to-eight weeks). He piqued the audience's interest still further by showing off the actual
physical system that will be used in the study, which he said was turned on for the first time earlier that
morning (Dr. Damiano was actually wearing a Navigator CGM during the presentation and showed the
audience his streamed, real-time glucose information). The hardware consists of: two Tandem t:slim insulin
pumps delivering insulin and glucagon, an iPhone to run the controller algorithm and communicate with
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the pumps via low-energy Bluetooth (no laptop or tablet required), and a Navigator CGM. (The researchers
will also run experiments with a platform using a Dexcom G4 CGM, based on their findings that the G4 has
superior day-two accuracy vs. the Navigator - see Dr. Steven Russell's presentation from ADA 2012 Day #1
at http://closeconcerns.us1.list-manage.com/track/
click?u=8855a320a24ebfbc0280ac3e1&id=05bfd483cb&e=0cf0552219). We've always been impressed with
Dr. Damiano's data-driven, nose-to-the-grindstone approach and hope FDA is receptive to the new device
and ambitious study.

COMPARISON OF TWO CLOSED LOOP ALGORITHMS WITH OPEN LOOP CONTROL IN TYPE
1 DIABETES (224-OR)

J. Hans DeVries, MD (Academic Medical Center, Amsterdam, Netherlands)

Building on Dr. Eric Renard's preliminary presentation of findings at ATTD 2012 (see page 19 of our
coverage at bit.ly/ybzJCD), Dr. DeVries presented the intent-to-treat analysis of the CAT Trial - a
crossover-design comparison of 24 hours under open-loop control, closed-loop control with the Padova/
Pavia/UVa (iAP Consortium)'s MPC algorithm, and closed-loop control with the Cambridge University
team's MPC algorithm. Both algorithms performed similarly and were not statistically significantly
different from open loop therapy with respect to the study's primary endpoint, time in range (70-144 mg/dl
in fasting periods; 70-180 mg/dl in postprandial): 58% (Cambridge), 59% (iAP), and 62% (open loop). The
good news was that both MPC algorithms offered significant improvements for hypoglycemia <70 mg/dl:
2% vs. 2% vs. 6%. Less encouragingly, the MPC algorithms also caused statistically significantly higher
mean glucose (149 vs. 148 vs. 126 mg/dl) and significantly more time spent in hyperglycemia. However, Dr.
DeVries noted that recent advances (e.g., more accurate CGM sensors) could allow researchers to make
their algorithms more aggressive without compromising safety.

▪ The CAT Trial compared closed-loop control using MPC algorithms from Cambridge
and Padova/Pavia/Montpellier (iAP). Participants with type 1 diabetes used the Insulet
OmniPod, a Dexcom Seven Plus, and either the UCSB artificial pancreas system or manual
validation from a nurse. Patients were studied in three non-consecutive 24-hour periods under three
different conditions (open-loop, closed-loop with Cambridge algorithm, closed-loop with iAP
algorithm; order of the conditions was randomized). Six centers took part in the study, with eight
patients per center participating, and a total of 142 experiments were performed.

▪ The study included meal, rest, and exercise periods with time in range as a primary
endpoint. Participants entered in the evening, ate dinner, spent the night, had breakfast and lunch
the following day, and concluded the final afternoon with an individualized exercise session. Target
range was defined as 3.9-10 mmol/l (70-180 mg/dl) in the first three hours after a meal and 3.9-8
mmol/l (70-144 mg/dl) otherwise. In this presentation Dr. DeVries discussed only intent-to-treat
data; per-protocol results (excluding data contaminated by errors from the CGM, pump, or study
personnel) will be shown at EASD 2012.

▪ Compared to open-loop control, both the Cambridge and iAP algorithms conferred
significantly less time in hypoglycemia below 70 mg/dl, though this came at the
expense of statistically significant increases in mean glucose and time spent in
hypoglycemia. A trend toward significance was observed in time spent at or below 50 mg/dl, and
no significant change was observed in the primary endpoint of time in zone. Dr. DeVries noted that
these results made sense in light of the higher insulin doses used with open-loop control. (The iAP
and Cambridge algorithms were not statistically significantly different with regard to any of the
glycemic measurements analyzed, though more insulin was dosed with the iAP algorithm (1.7 vs. 1.6
U/hour; p<0.05).

Open Loop iAP Cambridge Overall P-
value

% Time in Range 62.6 59.2 58.3 0.377
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% Time < 70 mg/dl 6.4 2.1 2.o 0.001

% Time ≤ 50 mg/dl 0.92 0.43 0.17 0.072

Mean Glucose (mg/dl) 126 148 149 0.001

Mean Insulin dose (U/
hr)

1.8 1.7 1.6 0.001

▪ The CAT Trial suggested an inverse relationship between hypoglycemia and mean
glucose, but Dr. DeVries said that recent technological advances might enable closed-
loop systems to improve both hypoglycemia and mean glucose simultaneously. He
explained that in CAT, both the Cambridge and iAP algorithms had been "detuned" as a safety
measure to account for the effects of exercise and the "suboptimal" function of the Dexcom Seven
Plus. He said that fortunately, the greater accuracy of newer CGMs (e.g., the Dexcom Gen 4) could
enable the algorithms to be made more aggressive in reducing hyperglycemia while still also
preventing hypoglycemia. As Dr. Hirsch noted during Q&A, data from the Helmsley Charitable Trust
suggests that hypoglycemia is similarly prevalent across the type 1 diabetes population regardless of
A1c. Thus, a great deal of patients could benefit from a system that simultaneously improves both
mean glucose and incidence of lows.

Questions and Answers

Q: In the data from the T1D Exchange, we actually don't see an increased prevalence of
hypoglycemia at lower A1c - the rate of hypoglycemia is similar across all A1c ranges. If we
assume that this is a true observation, would closed-loop systems maybe be better for those
specifically with higher A1c?

A: I think the algorithms could be adapted to more-accurate CGM systems in a way that makes it possible to
lower mean glucose with these algorithms. Such a possibility has been suggested in earlier research as well as
some that is about to be published.

FACTORS AFFECTING PERFORMANCE OF OVERNIGHT CLOSED-LOOP INSULIN DELIVERY
IN TYPE 1 DIABETES (T1D) (219-OR)

Marianna Nodale (University of Cambridge, UK)

Ms. Nodale presented an interesting retrospective review of closed loop studies from Cambridge. The study
looked for correlations between overnight closed loop performance and various factors: age, A1c, total daily
dose, insulin absorption rate (time to peak of plasma insulin; Tmax), controller effort (the ratio of total
insulin delivered during closed loop to the basal profile pre programmed on a patient's pump). Controller
effort was the factor most correlated with overnight closed-loop performance - more controller effort was
associated with a higher mean plasma glucose, a higher standard deviation, and less time in target range
(70-145 mg/dl). Ms. Nodale explained that the Cambridge controller algorithm has a safety feature that is
based on the basal profile of patient - when controller effort was high, the safety feature prevented
aggressive insulin dosing to bring down hyperglycemia. Aside from controller effort, better time in target
was associated with older patients and those with high total daily doses, while more time spent in
hypoglycemia (<70 mg/dl) was associated with a higher A1c and a higher Tmax. Ms. Nodale also
emphasized the wide interindividual variability in controller effort (25-200%) and Tmax values - this is now
a clear theme we've heard in closed-loop talks and we're glad to see researchers better characterizing and
hopefully dealing with this challenge.

▪ Overnight closed-loop performance from seven closed-loop studies (1,612 hours) in 79
patients was analyzed. All studies occurred in a clinical research setting and both manual and
automated closed loop delivery were included. An adaptive MPC algorithm was used. Factors
considered included age, A1c, total daily dose, insulin absorption rate (time to peak of plasma
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insulin), and controller effort (the ratio of total insulin delivered during closed loop to the basal
profile pre programmed on patient's pump). Overnight closed loop performance was defined as
midnight to 8am.

▪ Combined, the seven studies' participants included 11 children, 44 adolescents, and 24
adults; median controller effort was 110% (i.e., the controller delivered 10% more insulin
relative to the pump's pre-programmed basal rate). Mean age was 20 years, mean A1c was 8%, mean
BMI 22.5 kg/m , mean duration of diabetes was 10 years, mean duration on a pump was two years,2

and mean total daily dose was 49 units per day.

▪ Controller effort was significantly positively related to mean plasma glucose and
standard deviation of glucose and significantly negatively related to time in target
range (70-145 mg/dl), time below 70 mg/dl, and low blood glucose index (LBGI; a
measure of severity and frequency of hypoglycemia). Generally, the controller algorithm did not
need to give much more insulin than patients had pre-programmed, but Dr. Nodale explained that
there was wide inter-individual variability. In some cases, the controller delivered only 25% as much
of the preprogrammed basal profile, while other patients needed almost twice as much insulin. She
explained that the controller algorithm has a safety feature that is based on the basal profile of
patient. In cases of high controller effort, the safety feature likely prevented the controller from
being more aggressive and bringing down hyperglycemia.

▪ In addition to controller effort, age, A1c, total daily dose, and Tmax were significantly
associated with closed loop performance statistics. Age and total daily dose were
significantly associated with time in target range. A1c was significantly associated with time <70 mg/
dl, and Tmax was significantly associated with time <70 mg/dl and LBGI.

Spearman's rho correlations

Mean
Plasma
Glucose

SD of
Plasma
Glucose

Time <70
mg/dl

Time in
target range

LBGI

Age -0.03 -0.01 -0.06 0.23* 0.04

A1c -0.05 0.16 0.24* -0.19 0.17

Total Daily
Dose

-0.16 -0.15 -0.05 0.29* 0.07

Controller
Effort

0.51** 0.24* -0.28* -0.40** -0.42**

Tmax -0.2 0.06 0.24* 0.05 0.28*

*p<0.05, **p<0.01

Questions and Answers

Q: You pointed out that increased controller effort was associated with higher glucose
concentrations. Does that mean that your control algorithm was set quite conservatively?

A: Yes, there is a tradeoff between aggressiveness and risk. The controller is conservatively tuned. In patients
who are resistant to insulin or have their basals underestimated, the safety aspect makes the controller too
conservative.

Q: Has the algorithm learned iteratively? More recently, is it looking better?
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A: Each patient was only studied on one occasion. We had few on more than one night, so we cannot assess
how the algorithm will adapt to changing insulin requirements. We suspect it will do better. We will have
opportunity to study patients for several days.

Q: Is it valid to compare insulin Tmax between patients who received varying levels of insulin
from the controller?

A: Please refer to the poster for how we calculate Tmax. I think so.

DUAL-HORMONE CLOSED-LOOP (CL) SYSTEM IN ADULTS WITH TYPE 1 DIABETES

Ahmad Haidar, MSc (Ecole Polytechnique de Montreal, Quebec, Canada)

Mr. Haidar presented results from a 15-patient bi-hormonal overnight closed-loop study from Canada. (We
cannot recall having ever seen a presentation from this closed-loop team). He mentioned that this was the
first randomized, crossover design comparing open loop control to bi-hormonal closed loop. Participants
undergoing closed loop spent 71% of time in target range (72-180 mg/dl), compared to 57% of the time
during open loop therapy (p=0.003). Time spent <72 mg/dl declined significantly from 10% during open
loop to 0% during closed loop (p=0.01). This is encouraging data and we look forward to hearing more
about this team's work. Due to large differences in study design and methods (e.g., meal size, type, schedule,
sensor calibration, algorithm interaction), it is hard to compare this trial to the bi-hormonal work from Dr.
Ed Damiano and colleagues in Boston. However, we're glad to see so much interest in dual-hormone control
and look forward to even better performance, a stabilized glucagon in solution, and dual-chamber pumps
down the road.

▪ This 15-hour randomized, crossover study included 15 adults with type 1 diabetes (9
female, mean age 47 years, mean A1c 8%, mean BMI 26 kg/m ). Patients were admitted to the2

clinical research center twice and received either closed loop or open loop treatment. The
intervention started at 4 pm, 30 minutes of exercise (60% VO2 max) occurred at 5:50pm, a dinner
was eaten at 7:20 pm (80g carbs for males and 60g carbs for females), and then a 15g carb snack was
eaten at 10 pm followed by sleep until 7 am the next morning. Meals were announced to the
algorithm.

▪ The algorithm's input was sensor readings from a Medtronic Sof-Sensor and
subcutaneous insulin and glucagon doses were recommended every ten minutes. The
algorithm was based on a fuzzy-supervised model-based predictive controller combined with an
extended Kalman filter and a set of heuristic rules. Mr. Haidar did not describe how portable or
software integrated the system was. Plasma glucose was measured using YSI 2300 STAT Plus
Analyzer. Study outcomes are based on plasma glucose readings.

▪ Time in target range (72-180 mg/dl) improved from 57% during open-loop therapy to
71% during closed-loop therapy (p=0.003). Time spent under 72 mg/dl declined from 10% to
0% during closed loop (p=0.01), and time spent under 60 mg/dl dropped from 2.8% during open
loop to 0% during closed loop (p=0.006). Time spent above target was not significantly different
between the two groups. Standard deviation of glucose was 60% lower during closed loop visit (20
mg/dl vs. 34 mg/dl). Insulin delivery and concentration were not significantly different between the
two groups.

▪ The number of patients that had at least one hypoglycemic event (<54 mg/dl) dropped
from 53% during open loop to 7% during closed loop (p=0.02). Nocturnal events declined
from 32% to 0% (p=0.07). Exercise induced hypoglycemia was not significantly different between
the groups.

Questions and Answers

Q: Thank you for this very important and very impressive study. In some cases, we noticed in
our studies that giving small doses of glucagon, resulted in no reaction. Glucose continued to
fall. Did this happen in your study?
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A: I don't remember any times where that happened. There was one case of hypoglycemia. The sensor
algorithm was not aggressive, so we didn't have cases of hyperinsulinemia.

Q: Given the instability of glucagon, how did you prepare it in this study?

A: We prepared it at the beginning of the study. It was in the pump for 16 hours.

Q: Since we're learning more about dual hormones, can we see glucagon resistance develop?

Dr. Ward: When insulin levels are high, the response to glucagon is less. The key is to keep insulin dosing to a
minimum. We're also looking to see if repeated doses of glucagon deplete hepatic glycogen. We'll be looking at
this in a study.

A: Glucagon is a safety layer. With exercise, we had large incidence of hypoglycemia. We had to give glucagon
to prevent it.

Oral Sessions: Late-Breaking Abstracts

CLOSED-LOOP INSULIN THERAPY IMPROVES NOCTURNAL GLYCEMIC CONTROL IN
CHILDREN <7 YEARS (153-LB)

Andrew Dauber, MD, MMSc (Boston Children's Hospital, Boston, MA)

Dr. Dauber presented results of an overnight (10 pm - noon), crossover-design closed-loop study in children
under seven years old (n=10; mean A1c 8.1%, age 5 years old, diabetes duration 2.1 years; C-peptide levels
undetectable). Compared to open-loop therapy, closed-loop control with a FreeStyle Navigator and a PID
algorithm led to statistically significantly shorter duration of overnight hyperglycemia > 300 mg/dl (0.18
vs. 1.3 hours) without an increased risk of hypoglycemia. The post-breakfast spike was sharper after
breakfast since no pre-meal priming boluses were used, but closed-loop control also improved mean pre-
lunch blood glucose values (190 vs. 270 mg/dl). Dr. Dauber believes that the young pediatric population is
well-suited to closed-loop control (due to their predilection for hypoglycemia and their unpredictable eating
and activity habits) but is underrepresented in current artificial pancreas research.

▪ The crossover-design study required study participants (n=10) to spend two
consecutive nights in the hospital wearing an Animas Ping pump and two Abbott
Navigator sensors, on each leg. (The second sensor was included in the study only as a failsafe
and turned out not ever to be necessary - in every experiment, the system was run based solely on
input from the sensor worn on the patient's right leg). During the day between experimental nights
(noon to 10 pm), patients were able to use open-loop control, disconnect themselves from the
intravascular line used to test blood glucose over night, and walk around the hospital.

▪ In the closed-loop condition, insulin dosage was determined based on physician entry
of sensor glucose values into an algorithm that targeted 150 mg/dl from 10 pm to 6 am
and 120 mg/dl from 6 am to noon. Over night, the algorithm adjusted basal insulin rates every
20 minutes. In the morning, the system delivered microboluses as often as every minute (the system
was fully reactive: no pre-meal priming boluses were given). During Q&A, Dr. Dauber said that
future versions of the system might incorporate every-minute dosing at night, hopefully enabling
lower rates of hypoglycemia at the same mean glucose target.

▪ Overnight time in hyperglycemia > 300 mg/dl was statistically significantly reduced
with closed-loop control (0.18 vs. 1.3 hours), and overnight time in the target range of
110-200 mg/dl was non-significantly greater (5.3 vs. 3.2 hours). Exposure to overnight
hyperglycemia (area under the curve above 200 mg/dl) was also significantly reduced with closed-
loop control. Because no pre-meal priming boluses were given, the post-breakfast glucose rise
occurred faster among closed-loop patients. However, both groups reached similar peak
postprandial glucose values (367 vs. 353 mg/dl), and the closed-loop patients' glucose fell back
toward normal much faster -mean glucose values at noon were 270 mg/dl and 190 mg/dl,
respectively. The groups were comparable in instances of hypoglycemia < 70 mg/dl during the
observational period (four vs. five events; treated with juice), though five instances of hypoglycemia
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also occurred in the open-loop rest period between experimental nights (potentially related to the
relatively higher rates of insulin given under the closed-loop than open-loop condition, as suggested
during Q&A).

Questions and Answers

Q: Did you use the data from both sensors?

A: We used only one - the second was in case the children ripped off one of them. By convention we always
used the sensor on the right leg.

Q: You showed a lot of hyperglycemia after breakfast.

A: There is no doubt that pre-meal priming boluses will improve closed-loop therapy. But there are reasons to
be concerned about this. It is extremely difficult to predict how much children will eat.

Q: Do you think you should raise the overnight target even higher to avoid hypoglycemia?

A: The 150 mg/dl overnight target was already right in the middle of the ADA's recommended range. Based on
the information from this study, we will refine the parameters for our closed-loop algorithm. I think we will
see improvement by switching to once-a-minute adjustments overnight, instead of every 20 minutes. My aim
would not be to raise the target but rather to improve insulin delivery.

Q: You wound up giving a lot more insulin in the closed-loop condition. In the open-loop 'rest'
period, was there a difference in glycemic control after lunch?

A: That was not included in our analysis. Five episodes of hypoglycemia occurred outside the outcome period
of the study [i.e., outside of the 10 pm - noon range when the experiments were actually running]. I think a
morning snack might help blunt the postprandial hypoglycemia, but we checked blood sugars only at noon,
three, and prior to dinner.

Posters

FEASIBILITY STUDY ASSESSING HYPOGLYCEMIA-HYPERGLYCEMIA MINIMIZER (HHM)
SYSTEM IN PATIENTS WITH TYPE 1 DIABETES (T1DM) IN A CLINICAL RESEARCH CENTER
(CRC) (917-P)

Linda Mackowiak, Daniel Finan, Thomas McCann Jr., Ramakrishna Venugopalan, Howard
Zisser, Henry Anhalt

This feasibility study is the first data we've seen since the JDRF/Animas partnership formed in 2010 to
develop and commercialize a first-generation artificial pancreas device. The Animas system uses a
OneTouch Ping pump, a Dexcom Seven Plus CGM, and a hypoglycemia-hyperglycemia minimizer (HHM)
algorithm running on a laptop (i.e., controlling to a range of 90-140 mg/dl). The investigational device was
tested in the clinic in 13 patients with type 1 diabetes. The 20-hour study included two important challenges
to the algorithm: (1) at the breakfast meal, insulin was under-bolused (up to 50%) and (2) at the lunch meal,
insulin was over-bolused (up to 50%). The system achieved a mean blood glucose of 165 mg/dl, correlating
to a respectable A1c of 7.4%. Time in the range of 70-180 mg/dl was 70% overall, over 80% at night, and
less than 1% at values <70 mg/dl. There were no events of DKA or severe hypoglycemia. Although this was
just a small feasibility study, we think the data is encouraging and are glad to see the partnership moving
forward. While some might say 165 mg/dl is not perfect control, and while we very much agree with this,
we believe it's directionally solid considering the average A1cs in the Helmsley T1D Exchange (over 8%) and
the high prevalence of hypoglycemia and severe hypoglycemia (see our ATTD 2012 report at http://bit.ly/
zEKWOB). Additionally, we note that participants ate fairly high-carbohydrate meals and the system was
thrown curveballs with real world insulin dosing mistakes. Besides fine-tuning the algorithm, we believe the
most critical future step is making this Animas system portable - we've already seen two cellphone based
portable systems that have been tested in trials: Medtronic's Portable Glucose Control system and the iAP
consortium's Diabetes Assistant (for the basics on both devices, see pages 3-6 of our DTM 2011 report at
http://bit.ly/uh3qXd).
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▪ This study used Animas' hypoglycemia-hyperglycemia minimizer (HHM) System,
which consists of an OneTouch Ping insulin pump and meter, a Dexcom Seven Plus
CGM, and the HHM algorithm. The algorithm runs on a laptop and uses the UCSB/Sansum
Artificial Pancreas System (APS) platform. The HHM targets a glycemic zone setting of 90-140 mg/
dl. The control algorithm automatically adjusts insulin delivery in response to changes in CGM
values, as well as predictions of future CGM trends. The algorithm is designed to take action in order
to reduce or prevent glucose excursions outside of the target zone.

▪ This nonrandomized, uncontrolled, inpatient feasibility study tested Animas' HHM
system over a 20-hour period (clinicaltrials.gov identifier: NCT01401751). Participants' pump
settings were assessed and optimized by investigative staff during the week before the CRC visit.
CGM sensor insertion occurred two to three days prior to the study. Participants arrived in the early
evening on day one of the study and closed-loop control was initiated at midnight and lasted 20
hours. Breakfast on day two was eaten around 07:00 am and included a manually given under-bolus
of insulin (up to 50% in some cases). Lunch on day two was eaten around 01:00 pm and included a
manually given over-bolus of insulin (up to 50% in some cases). (Rather than just giving the
maximum amount of each over- or under-dose, we wish that patient-specific bolus amounts had
been given.) Both meals included one gram of carbohydrate (CHO) per kilogram of body weight, up
to a maximum of 100 grams of carbohydrates. Regular YSI monitoring was performed.

▪ Thirteen participants with a mean age of 42 years and a mean A1c of 7.4% took part in
the study. Of the 13 patients, 11 were female. Mean BMI was 24.7 kg/m , mean duration of2

diabetes was 27.2 years, mean duration of pump use was 9.6 years, and insulin brands included
seven patients on Humalog, five patients on Novolog, and one patient on Apidra.

▪ The HHM kept participants in target range (70-180 mg/dl) nearly 70% of the time and
achieved a mean blood glucose of 165 mg/dl (standard deviation: 39 mg/dl) (statistics as
measured by YSI). As expected, time in range rose significantly over night (over 80%) and was most
challenging after breakfast (55%). We were glad to see time in range metrics reported for both CGM
and YSI values - this is not often done in AP studies but is useful from a CGM accuracy perspective.
Additionally, we note that the two analysis methods were largely congruent except in the post-lunch
period (see table below). Drs. Aaron Kowalski and Boris Kovatchev have often said that current
CGMs are accurate enough for control to range, a sentiment that is supported by this study.
Overnight was defined as midnight to 7:00 am, post-breakfast was 7:00 am to 1:00 pm, and post-
lunch was 1:00 pm to 8:00 pm.

Mean Percentage of Time Spent at Different Glucose Levels Based on CGM and YSI Measurements

YSI CGM

Overall 70-180 mg/dl 69.6 62.2

Overall <70 mg/dl 0.2 0.5

Overall >180 mg/dl 30.2 37.2

Overnight 70-180 mg/dl 81.8 80.0

Overnight <70 mg/dl 0.3 0.1

Overnight >180 mg/dl 17.9 19.9

Post-breakfast 70-180 mg/dl 55.3 53.4
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Post-breakfast <70 mg/dl 0.3 1.5

Post-breakfast >180 mg/dl 44.4 45.1

Post-lunch 70-180 mg/dl 63.3 46.9

Post-lunch <70 mg/dl 0 0

Post-lunch >180 mg/dl 36.7 53.1

PERFORMANCE METRICS OF A HYPOGLYCEMIA-HYPERGLYCEMIA MINIMIZER (HHM)
SYSTEM IN A CLOSED-LOOP FEASBILITY STUDY (922-P)

Ramakrishna Venugopalan, Daniel A. Finan, Thomas W. McCann Jr., Linda Mackowiak, Eyal
Dassau, Stephen D. Patek, Henry Anhalt

This follow-up poster to the study described above details the performance and behavior of the control
algorithm used in the 13-patient, in-clinic study of Animas' hypoglycemia-hyperglycemia minimizer (HHM)
System. The controller appropriately increased and decreased basal infusion to mitigate below-zone and
above-zone glucose excursions (it targets a range of 90-140 mg/dl). For below-zone excursions, the system
reduced pre-programmed basal rates by 85.7% on average; for above-zone excursions, basal rates were
increased by 42.2% on average (as assessed by CGM values). The controller also took preemptive action to
avoid below-zone excursions (defined as adjustments to insulin infusion 15 minutes prior to an excursion)
100% of the time when performance was assessed using CGM values and 83% of the time for YSI values. Of
course, one of the major challenges with any control-to-range system is the slow speed of current rapid-
acting analogs (we've heard it characterized as turning the steering wheel on a car and then waiting an
hour or more for the car to respond). With this in mind, we especially look forward to faster insulins (e.g.,
Novo Nordisk's NN1218, Halozyme's PH20, Biodel's BIOD-123, Novo Nordisk's upcoming decision on the
ultra rapid acting insulin to move into phase 3) and faster insulin delivery technologies (e.g., BD's
intradermal needles, InsuLine's InsuPatch). There is a great deal happening on this front, and we're very
glad since we believe the biggest weaknesses in insulin are by far with prandial vs. basal.

▪ The algorithm of the HHM System comprises two components to control glucose to a
target zone. A model predictive controller (MPC) uses a mathematical approximation of insulin-
glucose dynamics in the participant to predict near-future glucose trends from recent CGM
measurements and insulin dosage amounts. The algorithm is designed to deliver insulin as needed
with an objective of maintaining glucose levels within the target zone of 90-140 mg/dl. The safety
module uses (other) mathematical approximations of insulin-glucose dynamics to continually assess
and mitigate the risk of near-future hypoglycemia. It acts on the MPC's recommended insulin
infusion amount, and is designed to provide an additional safeguard against predicted near-future
hypoglycemia.

▪ As assessed by both CGM and YSI values, the HHM System's algorithm adjusted
insulin infusion to mitigate below-zone and above-zone excursions. Values below are
reported as the average of all 13 participants from the feasibility study. The table below excludes all
data up to 60 minutes after meals, during which above-zone excursions are anticipated.

Ability of the HHM System algorithm to mitigate below-zone and above-zone excursions

Below-Zone Excursions Above-Zone Excursions
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Average

Basal Rate

(units/hr)

Average

HHM

System

Rate (units/

hr)

% Change

from Basal

Rate

Average

Basal Rate

(units/hr)

Average

HHM

System

Rate (units/

hr)

% Change

from Basal

Rate

CGM 0.9 0.13 -85.7 0.86 1.21 42.2

YSI 0.8 0.27 -67.5 0.87 1.24 46.6

▪ The HHM System's algorithm took preemptive control action nearly 100% of the time
when below-zone excursions were predicted. Preemptive action was defined as algorithm
adjustments to insulin infusion (relative to basal) in the 15 minutes prior to the start of a below-zone
excursion. The table below represents the total number of excursions for all 13 patients in the trial.

Below-zone Prediction Capabilities of the HHM System Algorithm

(number of times preemptive action taken/number of below-zone excursions)

Based on CGM Based on YSI

9/9 (100%) 5/6 (83.3%)

FEASIBILITY OF ADJACENT INSULIN INFUSION AND GLUCOSE SENSING VIA THE
MEDTRONIC COMBO-SET (901-P)

David N. O'Neal, Sumona Adhya, Alicia Jenkins, Gayane Voskanyan, Glenn Ward, John B.
Welsh

This feasibility study assessed the performance of the Medtronic Combo-set, which incorporates an insulin
infusion catheter and a CGM sensor separated by a short distance (i.e., two skin punctures but a single
insertion device). The study showed that insulin pharmacodynamics and CGM accuracy with the Combo-set
were comparable to standard, independently located CGM and insulin infusion sites. This is encouraging
news and certainly an improvement over current devices, though we hope Medtronic could eventually
reduce the Combo-set to just a single skin puncture. (The poster notes that in earlier studies in dogs, the
CGM sensor was built in to the infusion catheter wall but it showed interference during both insulin and
diluent (placebo) infusion.) We note that Medtronic does not have any ongoing studies of the Combo-set on
clinicaltrials.gov and a combined insulin infusion/CGM set was not mentioned in the pipeline discussion at
the recent analyst day (see our report at http://closeconcerns.us1.list-manage.com/track/
click?u=8855a320a24ebfbc0280ac3e1&id=2f47082d61&e=0cf0552219).

▪ The Combo-set incorporates a CGM sensor and insulin infusion catheter separated by
a short distance (i.e., two skin punctures but a single insertion device). The poster
showed a single inserter for the Combo-set (the "Combo-serter"). An exterior picture of the Combo-
set displayed a Medtronic Quick-Set infusion set with a Mini-Link transmitter attached to the top of
it. An in situ view showed a skin cutaway version of the Combo-set - the CGM sensor and insulin
catheter appeared to be separated by about half an inch.

▪ This study aimed to determine (1) if real-time CGM readings are affected by nearby
insulin infusion and (2) if insulin pharmacodynamics are affected by a nearby glucose
sensor. Ten individuals with type 1 diabetes (mean age: 47 years, mean diabetes duration: 22 years,
mean pump use: 6.4 years) participated in the study. Each patient had a Combo-set inserted in the
abdomen, a contralateral Sof-sensor attached to an iPro recorder as a control, and a contralateral
infusion set for routine insulin delivery. The Combo-set delivered insulin diluent except during meal
tests on days one and three, when boluses of insulin lispro were delivered via the Combo-set. Post-
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bolus venous lispro levels were determined at 0, 30, 60, 120, and 180 min. Capillary blood glucose
readings were collected with Bayer Contour Link meters.

▪ The accuracy of sensor glucose readings was not affected by nearby insulin infusion.
Mean absolute relative deviation was 17% with the Combo-set vs. 18.9% with the Sof-sensor
(p=0.63).

Combo-set (n=10) Sof-sensor (n=10)

Mean ARD 17.0% 18.9%

Mean ARD Range 11.5%-36.4% 9.8%-36.9%

Median ARD 13.5% 13.3%

Clarke A + B 96.8% 93.1%

▪ Pharmacodynamics of insulin were not affected by a nearby glucose sensor. Insulin via
the Combo-set showed the expected post-bolus peak time of 66.6 minutes. Postprandial glycemia
after both test meals using the Combo-set was comparable to profiles obtained on day two, when
participants were on their usual diet and received insulin via the control infusion set. One "No
Delivery" alarm occurred during the 21 patient-days of use, similar to the historical control rate of
other infusion sets (1 per 24 patient-days in the CareLink database of 99,857 patients in 2010).

Symposium: Beta Cell Replacement Therapies for Severe Hypoglycemia Unawareness

A BIONIC PANCREAS DELIVERING INSULIN AND MICRO DOSE GLUCAGON

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

Dr. Russell reviewed the last couple years of bi-hormonal closed-loop work at Mass General. Most
intriguing to us was the concluding portion of the presentation, which featured discussion of the team's
upcoming trials in adults and pediatrics. A five-day outpatient closed-loop study is slated to start in late
2012, which may reflect a slight delay from the "summer" timeline we heard at ATTD in February (see
pages 18-19 of our report at http://bit.ly/yQtkcM); as of right now, the mobile AP system is still awaiting
FDA approval (an iPhone 4S as the controller and two Tandem t:slim insulin pumps to deliver glucagon
and insulin), and we certainly hope the Agency keeps the team's ambitious work moving. What's
noteworthy about this five-day trial is that participants will have free roaming around the Massachusetts
General Hospital Campus, no set schedule or diet, and free access to the gym. More ambitious is the planned
two-week (!) outpatient closed-loop study at a diabetes camp - this is still slated for summer 2013
(unchanged from ATTD). Although not mentioned today, Dr. Russell and colleagues are also planning a
12-day study of Massachusetts General Hospital staff with type 1 diabetes (2013) and a study in newly
diagnosed patients (2013-14). Down the road, Dr. Russell believes the ultimate commercial AP product will
ideally have a form factor similar to the current t:slim pump with a second reservoir for glucagon infusion
and a built in CGM receiver and controller algorithm (two patch pumps would also be feasible in his view).
Also possible would be a sleeve that would fit on the back of a smartphone where the logic and wireless
radios would reside. In Dr. Russell's opinion, the phone would be used only as an interface so that it
wouldn't fall under regulation as a medical device (e.g., a similar strategy to Sanofi's iBGStar). Ultimately,
Dr. Russell hopes for a dual infusion set for glucagon and insulin and the potential for the team's algorithm
to work with multiple smartphones, CGMs, and pumps.

▪ Dr. Russell emphasized that insulin-only control will not be enough to close the loop.
Just one example is exercise, where his team typically sees declines in blood glucose of 2-5 mg/dl
per minute. In other words, someone at 70 mg/dl dropping at 2 mg/dl per minute will be
hypoglycemic in just 15 minutes. Given this scenario, turning off subcutaneous insulin "will not cut
it."
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▪ Dr. Russell reviewed previous bi-hormonal studies from Mass General (see pages 18-19
of our ATTD report at http://www.closeconcerns.com/knowledgebase/r/f0a6108e and pages 57-59
our ADA 2011 report at https://closeconcerns.box.net/shared/dz9hr6m94mu0ehsteybc). He
focused on the second study of the system, which used an Abbott Navigator CGM input to the
control algorithm, a GlucoScout to measure reference blood glucose, partial meal priming boluses
(weight based), structured exercise of around 30 minutes, adults and children ages 12-17 years (no
C-peptide), and two control algorithms separately controlling glucagon (PD) and insulin (MPC)
delivered through two Insulet OmniPods. The closed-loop system achieved a solid average blood
glucose ~158 mg/dl, which correlates to an A1c of 7.1%, 68% time in the range in 70-180 mg/dl (93%
at night), and time <70 mg/dl of just 0.7%. The system was also robust to technical failures (e.g.,
failed OmniPod delivery, computer crash), though the team has asked FDA to modulate some of the
algorithms to eliminate even more of the hypoglycemia.

Questions and Answers

Q: I was looking at your blood glucose excursions during meals. You attempted to give more
insulin before the meals to reduce excursions. Do you have any comparisons to blood glucose
levels during meals in people who don't have diabetes? How is insulin released before blood
glucose starts to rise?

A: We have done a number of experiments. We brought people without diabetes in, had them eat the same
meals, and undergo the same monitoring. After a meal of that size, blood glucose may rise to 140-150 mg/dl in
someone without diabetes. You also see some cephalic insulin release before food even begins to be absorbed.
The pancreas also dumps insulin into the portal vein, so you see sharp spikes in insulin. We do have a
disadvantage giving insulin subcutaneously. I would focus on that fact that we can attain pretty good average
blood glucose control and avoid the risk of intravenous and intraperitoneal insulin. As far as we know based
on the DCCT, if you achieve a mean blood glucose below 154 mg/dl, there is little signal for microvascular
complications. That's a tremendous improvement over where we are now - cross sectional studies suggest
we're at a mean A1c of ~8.5%.

Symposium: Clinical Aspects of Hypoglycemia in Diabetes - Consequences and Prevention

GLUCAGON AND CLOSED-LOOP INSULIN REPLACEMENT IN DIABETES

W. Kenneth Ward, MD (Oregon Health and Science University, Portland, Oregon)

Dr. Ward provided a thorough scientific overview of stabilizing glucagon for the closed-loop. He especially
drilled down into the fibrillation of glucagon, which increasingly occurs as pH is lowered. Dr. Ward
emphasized that fibrillation is nearly absent at a pH of 10. This is illustrated in a late-breaking poster
[48-LB] from Dr. Ward's team at this year's ADA, in which the researchers pumped various glucagon
formulations using an OmniPod pump. Glucagon at a pH of 2.5-3 delivered without a pump occlusion for
only 47 hours, whereas glucagon at a pH of 10 had not caused occlusion at the 72-hour pump expiration (p
= 0.036; n=5). Encouragingly, an in-press study (Ward et al., Clinical Drug Investigation 2012)
demonstrates that subcutaneous injection of glucagon at a pH of 10 only led to a slight increase in injection
site discomfort ("I don't think pain in an of itself will prevent us from going forward."). Dr. Ward believes
the most promising glucagon formulation uses a glycine buffer, a stabilizing agent of lactose or bovine
albumin, and alkaline preparation at a pH of 9.6-10. Dr. Ward and colleagues also have a number of
upcoming studies to better understand and develop a stabilized glucagon in solution. As we noted in our
recent report on Xeris (the company is using non-aqueous solvents to stabilize glucagon in solution), the
glucagon competitive landscape includes at least four companies using different approaches (for more
information, see our report at http://bit.ly/La0rQe).

▪ There are a variety of reasons why glucagon fails to prevent hypoglycemia ~25% of the
time in the closed-loop setting. First, glucagon fails when there are high concurrent insulin
levels. Dr. Ward (with funding from JDRF) us undertaking a study to better understand this.
Second, depletion of hepatic glycogen may also be a problem. Studies are needed to develop better
models to more accurately anticipate the effects of glucagon. Another cause of glucagon failure is
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overestimation of glucose by the sensor (not specifically glucagon related, but still a problem).
Finally, the chemical instability of glucagon is particularly challenging - glucagon is "not pumpable
in its current form" due to polymerization into amyloid fibrils (probably cytotoxic) and degradation
of the native glucagon molecule.

▪ There are a number of remaining "to-do's" that Dr. Ward hopes to study going
forward: quantify the effect of stabilizing agents on glucagon bioactivity, shelf life stability studies
during refrigeration, the biological effect of glucagon in pigs (fresh vs. aged), and the biological effect
and tolerability of glucagon in humans (fresh vs. aged).

Product Theaters

INTRODUCING THE T:SLIM INSULIN DELIVERY SYSTEM (SPONSORED BY TANDEM
DIABETES)

Kim Blickenstaff (CEO and President, Tandem Diabetes Care, San Diego, CA)

Tandem CEO Kim Blickenstaff led off the t:slim product theater with a major focus on simplicity (for our
take on the t:slim approval and experience with the device, please see our November 2011 reports at
http://www.closeconcerns.com/knowledgebase/r/9241d83c and http://bit.ly/Afpuxs). To start, he
highlighted a number of well-designed and poorly designed products (well designed: the ATM; poorly
designed: BMW's iDrive, the Metro ticket machines in Washington, DC, and the Baxter Colleague Infusion
Pump), explaining that the design process MUST involve the intended users of a device. Mr. Blickenstaff also
shared data from the pump's summative study for FDA approval, in which users typically learned the
pump's interface in about 90 minutes and 70% never referred to the user manual. A narrated t:slim
promotional video followed, which was similar to those shown at JPM 2012 (see our report at http://bit.ly/
zkvgXG) and have also been posted on Tandem's website. Highlighted features included the simple user
interface, the "slimmest, most compact design," and "the first touchscreen insulin delivery system cleared by
FDA." Last, Mr. Blickenstaff asserted that the t:slim is easier for educators to teach, easier for patients to
learn and use, and may even reduce the support burden placed on diabetes practices. In supporting the last
five months of clinical studies, Tandem has also built out its customer support. Tandem announced
yesterday that it will begin taking orders for the t:slim on June 11 and the first orders will ship in August
2012.

Jen Block, RN, CDE (Stanford University, Stanford, CA)

The compelling educator-extraordinaire Ms. Jen Block walked audience members through the t:slim's
interface using an on-stage iPad. She first noted how the pump helps her achieve goals as both an educator
(simple to train users on) and a patient (less time interacting with diabetes and more time to live life). The
majority of her presentation included quick navigation through a variety of activities on the t:slim interface,
including the well-designed home screen, the setting up and duplicating of user profiles, and seven-day
averages and statistics.

Timothy Bailey, MD (Advanced Metabolic Care and Research, Escondido, CA)

Dr. Bailey concluded the product theater with a summary of t:slim's three-day home use study prior to FDA
approval (n=29) and the ongoing 30-day pre-launch study (n=100). The major takeaway was high patient
enthusiasm for the t:slim in both studies. In the pre-launch study, ease of use scores across 14 critical t:slim
functions averaged a 6.6 on a seven-point Likert scale (1=impossible to use, 7=very easy to use), well
exceeding typical scores for devices. The reception was equally positive in the pre-launch study: 100% of
subjects reported being satisfied with t:slim's size, 95% of patients were satisfied with t:slim's color screen,
and 95% of patients were satisfied with t:slim's home screen. Patients were also asked to compare the t:slim
to their current pump on several metrics: convenience, easy to learn, ease of taking insulin, ability to keep
blood glucose stable, and willingness to recommend t:slim to friends. Patients rated t:slim statistically
significantly higher than their current pump for all the aforementioned metrics.
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PANEL DISCUSSION

Timothy Bailey, MD (Advanced Metabolic Care and Research, Escondido, CA); Jen Block, RN,
CDE (Stanford University, Stanford, CA); Kim Blickenstaff (CEO and President, Tandem
Diabetes Care, San Diego, CA); Linda Parks, RN, CDE (Tandem Diabetes Care, San Diego, CA)

Q: The pump has a rechargeable battery. Do patients need to sit next to an outlet?

Ms. Block: Some people choose to disconnect, but you don't have to.

Q: How long does it take?

Ms. Block: It depends on how long you've gone. The pump can last seven days on a full charge. We
recommend you charge for a few minutes each day.

Q: So the user must sit there with the pump connected to an outlet?

Ms. Block: You could charge it while showering. One thing I'm excited about as an educator is that when you
plug t:slim into a computer, it not only charges but it also asks you if you want to upload data. So it could be
plugged in, uploading, and charging at the same time.

Q: What about a camping trip? What do you do there?

Ms. Block: It does come with a car charger.

Ms. Park: You can charge in a car, or buy one of those battery packs - it's just like a cell phone. There are lots
of different options.

Q: Is the device waterproof?

Ms. Parks: It's rated to IPX-7. That means it can be in water for 30 minutes at three feet. We don't encourage
swimming with it, but it's okay if you're in the shower or thrown into a pool.

Q: Will this pump have integration with CGM?

Ms. Parks: The first pump will not. But we have an agreement with Dexcom.

Q: Have you seen any issues with the font size?

Ms. Parks: All those crazy things you can do with the iPhone are heavily patented. The font cannot be made
bigger.

Q: Were there comments from patients that they couldn't read it?

Ms. Park: The contrast is bright. We had very few comments on this.

Q: What about customer service issues. Will there be an 800 number available 24/7?

Dr. Bailey: Guaranteed.

Q: Will it be some god awful recorded voice on the other side or a live human being?

Ms. Parks: First you will get a recording to send you to the correct department, and then you will speak to a
human.

Q: What about on nights and weekends? Will the lines be staffed by nurses or will it be
technicians who have to get a nurse?

Ms. Parks: A mix. We have clinical people and salespeople in the field. We also have nurses and patients with
diabetes in customer support.

Q: What is the turnaround time if a present pump doesn't work.

Dr. Bailey: Fed-Ex the next day.

Ms. Parks: Within 24 hours.

Q: I was confused when you were selecting the Gym profile. How does that work?
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Ms. Block: It's activated with the touch. You just go into the options menu and to personal profiles. From
there, I can select which one I like.

Dr. Bailey: This also has the cutting and pasting. In pumps, you always had to do everything from scratch. So
now you can have a complicated profile and then tweak it.

Ms. Block: And as you're tweaking it, the profile will appear shadowed.

Q: Can you show a cartridge change?

Ms. Parks: We don't have a video here. But come by the booth and we can show you how to change it. It's very
easy.

Q: What if the pump has been used for a full seven days and it has zero battery life?

Ms. Parks: With a completely dead battery, it will take one hour to fully charge. It will turn back on in 15
minutes after it's plugged in. We're trying to encourage people to top it off every day. For instance, while
you're taking a shower, plug it in and keep the battery charged.

Q: It the touchscreen pressure-based or electrostatic-based?

Ms. Parks: It's capacitance. You cannot use it with gloves on.

Q: How long is the durability of the touchscreen.

Ms. Parks: It's durable and shelf tested.

Q: Can your pump show basal rates with a graph?

Ms. Block: Not on the pump, but it can in the t:connect software.

Q: So in the pump you can only see text?

Ms. Block: Yes.

Q: Can you expand on infusion sets?

Ms. Block: You can connect to any infusion set that has a luer lock.

Q: When you set the Gym profile by duplicating the other profile - what I did not see was when
that basal rate stops and the other resumes. You changed it at 5 pm. But that basal rate
continued indefinitely to midnight.

Ms. Block: it did and that was my intention.

Q: You said you are approved for ages 12 and over. But you said the participants in your trial
were 22 years and older. How did you get approval?

Ms. Parks: In the summative studies for FDA, the youngest child was 12. In the current user evaluation
studies, we limited it to 18 years and older. We wanted to test the usability of the pump and prepare for
launch.

Q: Can you charge the pump with any USB charger?

A: Any micro USB charger.

Q: Do you have other languages?

Ms. Parks: It's English only. We have plans to look at other countries after the US launch.

Q: What's the delivery amount?

Ms. Parks: Every five minutes. Increments up to 0.001 units. The lowest basal is 0.1 units per hour.

Q: How do you calculate insulin on board?

Ms. Parks: Curvilinear.
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Q: Is there a carb diary in the pump?

Ms. Parks: There is no carb diary in the pump.

(Editor's note - the tone of this panel conversation was less than constructive at points and we were
surprised and disappointed the audience would ask some openly antagonistic questions.)

Corporate Symposium: Waiting for Closed Loop - Tapping the Full Potential of Advanced
Diabetes Technology in Today's Clinical Practice (Sponsored by Medtronic)

INTRODUCTION

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

Dr. Hirsch opened with a question, "What is the holy grail of type 1 diabetes?" The answer to this question
has changed tremendously over time - from improving insulin, to the islet, to the holy grail of today, the
artificial pancreas. The latter was the topic of the night's Medtronic-sponsored symposium. Dr. Hirsch
outlined the schedule, which included his presentation on the evidence behind sensor-augmented pump
therapy, Dr. Thomas Danne on reducing the risk of hypoglycemia, and Dr. Timothy Jones on the latest
progress towards closing the loop.

ADVANCED DIABETES TECHNOLOGIES: THE WEIGHT OF EVIDENCE

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

In the symposium's opening presentation, Dr. Hirsch reviewed the path we've taken to developing the closed
loop. He emphasized the importance of the Star 1 trial (Hirsch et al., Diabetes Technol and Ther 2008),
particularly because it revealed how to design a better CGM trial, how to select appropriate patients for
CGM, and how to use CGM. Notably, the Star 1 trial also pointed to the relationship between patient
adherence to CGM and A1c reduction - a common thread throughout the CGM studies Dr. Hirsch presented
and the take home message of his talk. Turning to the JDRF CGM Study (NEJM 2008), he emphasized that
we learned our lesson from Star 1. The trial showed a large separation in A1c between adults (>25 years)
using real-time CGM and the control group. But again, success was moderated by how often patients wore
the sensor. (He quipped to the audience's amusement, "You can lead a horse to water, but that doesn't mean
he will drink or wear his CGM".) This relationship surfaced once more in the Star 3 study and data from the
Helmsley Charitable Trust's T1D Exchange. He explained that regulatory officials and payers must realize
that success in CGM is dependent on patient behavior, and that a trial using CGM is not comparable to a
trial where all you have to do is take a pill. "That's not the way we do diabetes and that's not how patients
take care of themselves." Dr. Hirsch concluded his talk by announcing the latest progression in closed loop
technology from Medtronic - the MiniMed 530G, which was recently submitted to the FDA and he believes
will be available in the US market in 12-18 months (Medtronic management estimated 12 months during the
recent Medtronic Analyst Day; see our coverage at http://closeconcerns.us1.list-manage.com/track/
click?u=8855a320a24ebfbc0280ac3e1&id=2f47082d61&e=b47ef0a822).

REDUCING THE RISK (AND FEAR) OF SEVERE HYPOGLYCEMIA

Thomas Danne, MD (Kinder- und Jugendkrankenhaus Auf der Bult, Hannover, Germany)

Dr. Danne gave a broad overview of hypoglycemia, emphasizing the critical importance of identifying it in
clinical practice, ascertaining its causes, and preventing it. Dr. Danne first reviewed data and professional
guidelines suggesting the use of pumps and CGM can help prevent hypoglycemia and severe hypoglycemia.
He next discussed Medtronic's Veo insulin pump with low glucose suspend (LGS), recently submitted to the
FDA as the MiniMed 530G (for more information, see the Medtronic 2012 Analyst Day report). We
appreciated his review of the multi-center crossover study (LGS on or LGS off) of the Veo published last year
(Danne et al., Diabetes Tech Therapeutics 2011). The main finding was that average glucose control did not
change with LGS turned on vs. off, while all measures of hypoglycemia improved when patients had the
LGS feature turned on ("You're preventing hypoglycemia and your average glucose control is not getting
worse. That's a lot of good news"). Consistent with previous data, the vast majority of full two-hour LGS
episodes occurred at night, the average blood glucose rise during pump suspension was 35 mg/dl/hour, and
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most alarms occurred during the day and were of short duration. Dr. Danne emphasized that there was no
real risk of severe hyperglycemia from a two-hour suspension (one of the FDA's major concerns with the
Veo). In closing, Dr. Danne briefly mentioned the next step, predictive LGS management, which he is "taking
a closer look at." [We learned in the aforementioned Medtronic Analyst Day that the MiniMed 640G, a
hypoglycemia minimizer, is expected in early 2013 (EU) and 2014-2015 (US).]

CLOSING IN ON CLOSED-LOOP INSULIN DELIVERY: NEAR AND LONG-TERM
IMPERATIVES

Timothy Jones, MD (University of Western Australia, Perth, Australia)

Dr. Jones continued the focus on hypoglycemia in the symposium's concluding presentation. He asserted
that excessive fear of hypoglycemia leads to inappropriate diabetes management: in one survey at his clinic,
fear of hypoglycemia caused 13% of children to eat a large snack at bedtime, while 11% of parents often
avoided leaving their child alone (age >13 years). In these groups, mean A1c was 0.8% higher. Most unique
was his slide showing handwritten responses from children to the question, "What worries you most about
hypoglycemia?" Answers shown included "passing out and dying [sic]" "Going so low that I go into a comba
[sic] and not waking up," and "being alone." Talk about reasons to get an LGS here in the US and predictive
LGS as soon as possible... Dr. Jones next reviewed the Australian study of the Medtronic Veo (Ly et al.,
Diabetes Care 2012), which has demonstrated similar data to the Danne et al. study. The most common
problems experienced by patients with the Veo system have been CAL Errors (calibration error between the
sensor glucose and meter glucose), weak signal errors, and sensor errors. After six months of using the Veo,
85% of participants elected to continue using it for a second six months; moreover, 94% said they would
recommend the system to other patients. While these numbers may reflect a trial effect, it is encouraging to
see such high satisfaction with the product and we look forward to its arrival in the US likely sometime in
2013. Dr. Jones concluded with a brief slide showing Medtronic's portable glucose control system ("the first
step to home studies?"), which consists of two MiniLink transmitters with Enlite sensors, a BlackBerry
smart phone, a Paradigm Veo insulin pump, a 915 MHZ translator, and a remote monitor (we first saw the
system at the 2011 Diabetes Technology Meeting; see page five of our report at
https://closeconcerns.box.net/shared/vitjvebk02cb0mx4gl1k).

PANEL DISCUSSION

Panelists: Irl Hirsch, MD (University of Washington School of Medicine, Seattle, WA); Thomas
Danne, MD (Kinder- und Jugendkrankenhaus Auf der Bult, Hannover, Germany); Timothy
Jones, MD (University of Western Australia, Perth, Australia)

Dr. Hirsch: We have had CGM for 12 years. A question for both of you: 'Where will we be a decade from now?'

Dr. Danne: Pediatricians are always optimists. Ten years from now, we will not talk about closed loop being
around the corner. Closed loop will be here. We'll have a glucose sensor that's redundant, using two different
technologies. It will be so small that you will be able to wear it easily. It will work on its own. It will be a
question of whether you want a Porsche or a Mercedes.

Dr. Hirsch: Appropriate from a German colleague [laughter].

Dr. Jones: I think that as human beings, we're good at technology. Once we start using them, they will
improve. Ten years is a long time. I'm confident that it'll be normal therapy by then.

Dr. Hirsch: How are pumps paid for in Australia and Germany? Please compare and contrast
with what happens in the United States with employer-based insurance.

Dr. Danne: We have the lucky situation in Germany that if we put in a good application, the insurance
company will pay for the pumps, but we have a difficult time with CGM in Germany.

Dr. Jones: Paying for this is a challenge. Insurers will pay for pumps, but only 50% of people are insured. The
National Health system does provide coverage.
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Q: Germany has had a lot of international publicity about payment of insulin analogs. Is that
still an issue?

Dr. Danne: Payment is always an issue. Yes, we have payment for rapid-acting analogs. But in Germany, only
50% of type 1 diabetes patients are actually using rapid acting analogs. In Germany, most patients are on
human insulin. The financing is actually not so much of a problem.

Dr. Hirsch: By far the number one question has to do with reimbursement, not technology. In
Australia, is CGM covered?

Dr. Jones: The sensors are not covered at all. They can get it through other means.

Q: Dr. Jones, why do you think that 15% didn't want to stay on the LGS?

Dr. Jones: They don't like the alarms, they don't like wearing something, some are teenagers. It's the reasons
people don't want to use CGM.

Dr. Hirsch: I actually think that's a surprisingly low number.

Dr. Hirsch: There are a lot of questions, specifically for pediatricians, about problems with
allergies and skin reactions, both in terms of sensors and pumps. What are the tricks you use?

Dr. Danne: I am amazed by the ideas parents come up with. There have been a range of solutions, including
adhesives and sprays. I don't remember a lot of cases where we couldn't find a solution. It is more size
problems and size rotation problems than allergy issues.

Dr. Jones: When we started we saw a lot of those types of problems and it has improved with time.

Q: Is there a validated tool to assess fear of hypoglycemia?

Dr. Danne: There is a fear of hypoglycemia questionnaire. I don't think it is that sensitive. In my clinical
experience, fear of hypoglycemia is much easier to get at with talking to a patient rather than a questionnaire.

Dr. Hirsch: Up to how many times would you let a child correct hypoglycemia with
carbohydrate intake? The example you showed did it several times. What do you recommend
for that?

Dr. Danne: It depends on patient tolerance. I don't have too many patients who pull out their pump when they
have hypoglycemia. Most correct with carbohydrates. This was an extreme patient who had had many of these
alarms. Most patients who are not on a sensor will do it by clinical symptoms.

Q: How did you define hypoglycemia unawareness? Did you see any differences in
hyperglycemia based on duration of suspend time?

Dr. Jones: We used the Clarke's questionnaire. You can use the Clarke's or Gold's questionnaire. The Clarke's
is more complicated. There was no relationship in terms of hyperglycemia.

Dr. Hirsch: Have either of you observed differences in LGS in relation to proximity of prior
insulin bolus? Do you counsel patients with LGS systems to behave differently in these
conditions after bolus?

Dr. Danne: Patient intervention is the rate-limiting step in all types of closed loop systems. The problem we
have in the closed loop approach is if you over bolus, you can have the best closed-loop system in the world
but it still can't pull insulin out of your body. Patients who don't interact with system have the best
management. If you severely over bolus, there isn't much you can do.

Q: When are the best times to calibrate CGM? Pre-prandial, after fasting, during a plateau? Is
it best to calibrate during hypoglycemia?

Dr. Hirsch: The way I understand it is to calibrate when the glucose is relatively flat.

Dr. Francine Kaufmann (Medtronic Diabetes, Northridge, CA): See the Enlite poster.
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Dr. Hirsch: See the late-breaking Enlite poster. I should mention Enlite is not approved in the
US. Fran, what do you recommend with your current sensor?

Dr. Kaufman: Stable glucose with a three to four times per day calibration.

Dr. Hirsch: That's what we recommend at our hospital.

Dr. Jones: We recommend calibrating at a stable time between meals. Four times per day.

Dr. Hirsch: Dr. Jones you found two-hour suspend events on 10% of the nights. Since 50% of
patients respond to the alarms, does that mean 20% of patients would have two-hour suspend
events on any night?

Dr. Jones: 143 patients did not respond to the alarms and had a full two-hour suspend.

Dr. Hirsch: What's so interesting is so many of these questions deal with reimbursement. It
seems like we don't have to convince people that the technology is good and it works. The
convincing part of it is with the payers.

Dr. Jones: It doesn't matter who the payers are, they're reluctant to pay.

Dr. Danne: We also need to be making sensors convenient enough to wear on a continuous basis. We do have
cases where there is reimbursement and the sensors are sitting on a shelf at home.

Dr. Hirsch: This is for the pediatricians with regards to very young kids and the topic of real
estate. Where on the body can you use this technology for insulin delivery or sensors?

Dr. Danne: I am amazed with what people come up with. The buttocks is excellent, while the abdomen
generally is something the kids hate. The thigh works and the arm works. There are many places that are not
the official way that still work, so wherever you have subcutaneous fat, try it.

Q: If sensor-augmented pump therapy is state of the art, but only at most half of patients are
willing to participate, shouldn't we investigate more about diabetes coping strategies? How
did you address that in STAR-1?

Dr. Hirsch: We did not do well in those people. Those are not the best patients to use this technology. If they
don't use the CGM, they won't improve. That's a critical point. One of the conclusions of this session is that no
matter how good the technology is, if you don't have patients willing to participate and use the therapy, it
doesn't matter that much. I don't know the best word - motivated is one. You have to have a willingness to
participate. The original question is about better understanding how to get patients to be more interested in
managing their own diabetes. This is a huge, huge issue…

Dr. Kaufman: It's also with type 2s. They don't even take their pills.

Dr. Hirsch: It's with any medication. Look at HIV patients who don't take their medication. Transplant
patients that don't take their meds.

Dr. Danne: If you had a car that alarmed all the time, that hurt to drive because you were inserting two
catheters all the time, that gave you alarms when you have misbehaved, you would probably say to your wife
after half a week, "I'll take the bus."

Dr. Hirsch: I would turn off the alarms.

Dr. Danne: I really don't think it's motivational. It's a burden on the patient right now. It's too much. I
wouldn't drive a car either. I would also take a bus.

Dr. Hirsch: Let's go back to the beginning of insulin therapy. Since then, we have increased the
burden by making diabetes more complex. Back even thirty years ago, the majority of patients
were on once or twice daily insulin. They took insulin and forgot about it - there was no SMBG.
Nothing happened until the eye doctor looked in their eye and said "We have problem." Or
there was edema showing. Until that happened, there was no burden at all. We've added
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burden and it's come at a great cost, but when you look at the data in the T1D Exchange, the
population-based risk of complications has gone down.

Comment: I would disagree. It was still a burden back then. I think back to the patients with type 1 who stood
in front of our group when I was a medical student. They said, "The doctor says we should have a normal life."
But they had this huge emotional burden to testing their urine. What you had to do every day back then was
not as many steps. But I would disagree that it was not burdensome.

Dr. Hirsch: How many patients did their urine testing?

Comment: These patients did.

Dr. Hirsch: Well, most did not. Most people are not very successful. Look at A1cs in the T1D
Exchange. On the other hand, we're not seeing the complications.

Dr. Danne: Absolutely, Irl - we have seen progress. I've saw complications in young adults when I started. I
hardly see them now. But we're still not there, and it's not right to blame the patient. We haven't made the
advances to be good enough at this point. We're on the verge of a breakthrough with the closed loop. Five
years from now, we might look back and say what we did in 2012 was Stone Age.

Private Event: JDRF/NIDDK Closed-Loop Control Research Meeting

This special meeting has been a fixture at ADA for a few years, starting with only 10-15 people in 2007.
Today, the meeting was another who's-who of diabetes, filling an entire hotel ballroom with members of
academia, industry, funders, and FDA. Nineteen separate groups in the US, Europe, Middle East, and
Australia are now being funded by JDRF, NIH, or the AP@Home project (EU only). The format for today's
meeting was a panel discussion with six key principal investigators followed by a 'science fair' with hands
on demonstrations of the technology being used by 12 of the groups. Wow!

OUTPATIENT CLOSED-LOOP STUDY PROGRESS AND PANEL DISCUSSION

Panelists: Stuart Weinzimer, MD (Yale University, New Haven, CT); Roman Hovorka, PhD
(University of Cambridge, UK); Boris Kovatchev, PhD (University of Virginia, Charlottesville,
VA); Bruce Buckingham, MD (Stanford University, Stanford, CA); Ed Damiano, PhD
(Massachusetts General Hospital, Boston, MA); Ken Ward (Oregon Health and Science
University, Portland, OR)

Dr. Weinzimer: Before we begin the panel discussion, everyone will give an orientation
explaining what they're doing.

▪ Roman Hovorka, PhD (University of Cambridge, UK). The Cambridge group has been
developing the "FlorenceD" home closed-loop prototype. The system consists of the Abbott
Navigator (currently "the most accurate CGM available in Europe"), the Companion (a device to
assist communication with the Navigator), a small laptop running an MPC algorithm, and a Dana R
Diabecare pump (with a Bluetooth connection). The switch to the Diabecare pump is a departure
from presentations in the past, where the team always seemed committed to the Abbott Aviator
pump. Since May, the Cambridge group has been approved to conduct overnight outpatient trials by
the UK regulatory authority (MHRA). A typical trial design is a crossover study comparing several
nights of open and closed-loop periods. For the first few closed-loop nights, a nurse stays nearby in
case of problems. Dr. Hovorka wishes for more robust wireless connectivity, access to the
communication protocols, and more pump functionality such as a short basal infusion time and
storage of bolus wizards.

▪ Boris Kovatchev, PhD (University of Virginia, Charlottesville, VA): Dr. Kovatchev
reviewed the iAP study group's (UCSB/Sansum, Montpellier, Padova/Pavia, and the University of
Virginia) DiAs system that we first saw at DTM 2011 and again at ATTD 2012 (see our report at
http://bit.ly/yQtkcM). The system includes a Dexcom Seven Plus, an Insulet OmniPod with an iDex
PDM, and two cell phones (one to run the control algorithm and another to transfer the signal to the
iDex). The system has been used successfully used in an outpatient setting in 17 patients with type 1
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diabetes for ~700 hours (see our ATTD 2012 report for more detailed accounts). From the first 250
hours of outpatient use, error rates were 3% on the sensor, 2% on the pump, 0.8% with remote
monitoring, and only 0.2% with the DiAs running on the cell phone. This led Dr. Kovatchev to
conclude, "It does look like a cell phone can run closed loop control." He concluded with a number
of recommendations and thoughts on the future: (1) portable software should be built from the OS
level to meet medical device standards; (2) human factor studies are "extremely important" for
transition to outpatient use; (3) inter-device communication is still a major problem; (4) algorithm
development should include hybrid control; (5) current sensor accuracy is sufficient for control to
range. The team plans to use the Dexcom G4 sensor and t:slim insulin pump in upcoming studies.

▪ Bruce Buckingham, MD (Stanford University, Stanford, CA). The Stanford group (in
conjunction with the University of Colorado, Rensselaer, and the Jaeb Center) have been working on
a number of initiatives, including (1) in-home predictive low glucose suspend using a Kalman filter
and a Medtronic pump and sensor; (2) inpatient metabolic control at the onset of diabetes using a
Medtronic PID controller; (3) control to range studies with an MPC controller and the Sansum APS
platform; (4) treat-to-range studies with a modified ePID controller; (5) safety studies to detect
infusion site and sensor failure; and (6) investigating the University of Virginia's DiAs system (with
remote monitoring) at a children's diabetes camp. The (1) predictive low glucose suspend work has
FDA approval for 1,600 in-home nights with 44 patients, and has already amassed 250 nights of
data with 20 subjects. Patients sleep with a laptop at the their bedside. This system has already
halved the number of nights at which patients go below 60 mg/dl. Dr. Buckingham wished for more
robust wireless communications and a single, simple handheld device with a minimal number of
alarms.

▪ Ed Damiano, PhD (Massachusetts General Hospital, Boston, MA). Dr. Damiano provided
an overview of the Boston group's bi-hormonal closed-loop research, starting with animal studies in
2006 and followed by the first experiments in humans in 2008-2009 using venous blood glucose as
the controller input. From 2010-2012 (>2500 hours of control), the team has used the Abbot
Navigator CGM as the input to a laptop-driven controller - studies have included six carb-heavy
meals and a meal priming bolus. Dr. Damiano then reviewed the three outpatient studies planned
for the next year. All will use either the Abbott Navigator CGM or Dexcom G4, an iPhone 4s
controller with an algorithm running in C++, and two tandem t:slim insulin pumps to dose glucagon
and insulin. Dr. Damiano showed the room the Navigator/iPhone handheld, which is enclosed in
one unit but includes the Navigator receiver hardwired to the iPhone through the 30-pin connector.
The system uses low-energy Bluetooth to avoid too much battery usage. This system will be
submitted to FDA for an IDE in the next six to eight weeks, while Dr. Damiano hopes to build a G4
version of the system by the end of the year. He hopes to start the transitional five-day study on the
MGH campus this fall and finish in fall 2013. A study is also planned for summer 2013 in campers at
Clara Barton/Camp Joslin and for 2013-2014 in MGH staff.

▪ Ken Ward (Oregon Health and Science University, Portland, OR): The Oregon group has
been focusing on the issue of sensor redundancy to eliminate 'large sensor errors' ("egregious" errors
of over 50%). Studies show that a single Dexcom Seven Plus sensor chosen at random has on
average 19 hours per month of large errors. Using two sensors can reduce this to seven hours per
month. While this is a lot better, it is still not perfect and can cause problems. The group is also
performing inpatient studies with two Dexcom Seven Plus sensors, two Insulet OmniPod pumps (for
insulin and glucagon) and a tablet computer. The group is testing the system for eventual outpatient
use, and improving the user interface - they expect to move to a Motorola ES400 smartphone and a
special belt. The team is also trying to stabilize glucagon for use in bi-hormonal systems and has had
success using reducing sugars to dramatically reduce the breakdown (see Dr. Ward's presentation on
glucagon from Day #1 of ADA 2012 at http://bit.ly/zEKWOB). Dr. Ward's #1 wish list item is a
single site device that combines insulin and glucagon infusion on the same catheter with sensors on
the outside surface.

Questions and Answers
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Dr. Weinzimer: As we move towards outpatient studies, it sounds like some are sticking with
one sensor and some are using multiple sensors.

Dr. Ward: That's an important question Ed and I have been talking about. As sensors get more accurate, it's
quite possible that the value of redundancy declines. But the question is will you still be able to keep the risk
of large errors to a minimum. We'll continue to look at this.

Dr. Damiano: Yes, it's about the improvement in MARD that's to be gained from multiple sensors.

Dr. Hovorka: We presented at this year's ADA that the Navigator had no over-reading of 40% or higher lasting
more than one hour. We believe one sensor is sufficiently safe .

Q: This is a fantastic discussion. In the studies from the consortium, we're seeing great
efficacy. But where the rubber hits the road is in system failure and reporting of system
failure. Ed, you and I have talked about this. When we clump together patients and present
means and averages, it hides what we're all concerned about: outliers when there are system
failures. It's something to consider as a community. As we move to outpatient studies, how
frequently are we defaulting to basal rates? Why are they defaulting? It would help funders,
FDA, and industry. To start to narrow down and clump together errors.

Dr. Weinzimer: Maybe there should be agreed upon common reporting metrics.

Dr. Kovatchev: Aaron, what you're saying is extremely important. There was a quick table in my presentation
that showed the frequency of errors for various components. That may be just the first approach to defining
what it means for the system to fail. In addition to by component, the duration, and gravity of the failure
should also be reported.

Dr. Hovorka: In our studies, we focus on efficacy, safety, and utility. Utility is how long the system is
operational. This was our attempt to capture this important issue. I agree, it should be captured.

Dr. Kowalski: Somebody brought up the communications. The diabetes community has struggled with a
variety of different ways to download devices. We've all seen the pictures at clinics with many cables to
download. JDRF is funding a project in Toronto, Canada to get the ball rolling on communication standards
that can be used. We've reached out to industry. I would urge all of you to introduce yourselves to Joe. The
Canadian clinical trials network is working on this.

Q: I wear a CGM and an insulin pump and I have a love-hate relationship with my Dexcom.
Have you tried to incorporate other types of data? What kinds of things might trigger failure in
the sensor? Heart rate monitors, activity monitors, dietary data, schedules, calendars, would
those types of things help inform sensor accuracy?

Dr. Kovatchev: The short answer is all of the above. First, the system itself as its running now doesn't rely on
the sensor. There are two sources of information - one is the sensor and one is the insulin pump. The output
of the insulin pump can actually flag sensor errors. Mark Breton is incorporating heart rate in closed loop
funded by NIH. There are also studies looking at meal profiles and behavior profiles to flag events daily and
take patterns into consideration. That will help when considering sensor accuracy. All that you mentioned is
under consideration.

Bruce: If you went to the exhibit, there are patch pumps that have accelerometers built into them. Anything
stuck on the body can easily do that. Where I think we need to go is if a cell phone can do face recognition, it
should do food recognition.

Dr. Ward: Sweating, showering, jarring the device, those will cause rapid rises and rapid falls in the signal.
The big problem is the slow drift you see. We don't understand the cause of that drift.

Q: Each group has done phenomenal work. Now that we're moving to the outpatient setting,
studies are bigger, more expensive, and more complicated. Could you do joint clinical studies
that share economies of scale. Using multiple different camp sites and even a shared control
group? Would regulatory bodies consider that?
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Dr. Kovatchev: I reported on behalf of a group of four different centers.

Dr. Hovorka: The European commission project has six centers that work together.

Dr. Damiano: I second that. A lot of our initial studies were in CRCs. CRCs can only allow us to do so much.
Once out of the CRC, collaboration really becomes the obvious thing to do. Parallel studies and running at
multiple sites. We intend to do that.

Dr. Buckingham: The JDRF consortium has wanted that and we should be doing that and sharing the data. A
shared control group make sense. Also sharing set failure data.

Dr. Weinzimer: We're still at transitional studies and not to the point where we can agree on something.
Things are still in a weeding out direction and we're still casting a wide net.

Dr. Weinzimer: Another question on human factors. Have any groups gone out and done some
focus grouping activities to look for what users want out of a device? I imagine that many
adults with type 1 diabetes may have different expectations than an adolescent or child.

Dr. Kovatchev: In preparation for our outpatient studies, we went through a rigorous cycle of focus groups
and human factors. We cannot give that device to a patient without these types of studies.

Dr. Ward: We're doing these to establish clarity. When you press a button, what does that mean?

Dr. Hovorka: We did an initial focus group two years ago. We've haven't done formal human factors work but
it's on our list.

Dr. Damiano: We've been building out the interface for the device I just showed you. In our five-day study, we
hope to include a human factors study as part of it. There will be good oversight and one to one nursing. We
can run in that a human factors study. Up until now, subjects have not interacted with the device. They could
look at it at their bedside, but it's the first time where they're interacting with mobile platforms. We'll learn a
great deal over the next 12 months.

Dr. Buckingham: That's one of the things FDA wants from us. We're all doing it. I as a physician am also a
beta tester for engineers. We're a hard group.

Comment: I'd like to echo Aaron's comment. I come from the auto-antibody field, and
progress depended on everybody getting together and saying you cannot publish a paper
unless you do these things. The group needs to get together and standardize. It really helped in
antibodies.

Comment (from FDA): I'd like to make a comment about egregious errors. As you people
submit data to us, it's harder to get data for errors as studies go to the outpatient settings.
There is no reference standard. Is there any way to analyze severe CGM errors and see what
was the impact of that? That would be extremely helpful for us to understand the risks and
how to mitigate them.

Dr. Ward: A number of us are interested in studying closed-loop devices using systems that
are not yet approved. The Dexcom G4, Enlite, etc. Is there a special request you have for
bringing IDEs for devices that are not yet approved.

Dr. Courtney Lias (FDA, Silver Spring, MD): We definitely encourage the study of new devices. That's where
things are going. As far as outpatient studies, maybe we need more information. You don't need to have
approved devices to get an IDE. You just need to show that there are mitigation factors in case of malfunction.

Q: How much effort is being put forth into creating a system that is more cross platform?
Rather than having a patient with their regular phone plus a phone for closed loop.

Dr. Kovatchev: Our control algorithm is written in JAVA. That conversation is long and we should have that
outside.

Dr. Hovorka: I would mention the project running in Canada. It's trying to find a common means to
communication. That cross platform connectivity is so essential.
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Comment: Regarding the standards, lots of work has been done by industry. There are drafts
for insulin pumps and CGM. The intent is to accelerate those projects.

Dr. Kowalski: Before everyone gets out of the room, I'd like to leave a JDRF thought. It stems from data that
are very important - the Helmsley Charitable Trust data. It's very, very important to say that there is a
significant unmet medical need. In the Helmsley data, average A1cs are above 8.5%. Then you look at the
prevalence of severe hypoglycemia in adults with type 1 diabetes. We still have a tremendous amount of work
to do. So many in the audience are affected by type 1 diabetes. There are challenges here. But there is a huge,
huge potential to help many, many people.

Incretins

Oral Sessions: Incretin Therapies

ONCE-WEEKLY GLP-1 RECEPTOR AGONIST ALBIGLUTIDE VS. TITRATED PRANDIAL
LISPRO ADDED ON TO TITRATED BASAL INSULIN GLARGINE IN TYPE 2 DIABETES (T2D)
UNCONTROLLED ON GLARGINE PLUS ORAL AGENTS: SIMILAR GLYCEMIC CONTROL
WITH WEIGHT LOSS AND LESS HYPOGLYCEMIA (55-OR)

Julio Rosenstock, MD (University of Texas Southwestern Medical School, Dallas, TX)

Dr. Rosenstock presented additional results from the phase 3 study Harmony 6 for GSK's once weekly GLP-1
agonist albiglutide. As a reminder, the study randomized participants to receive either albiglutide or thrice-
daily insulin lispro added onto insulin glargine with or without metformin and/or a TZD for 52 weeks.
Topline data announced in March reported: 1) non-inferiority with regard to A1c reduction at week 26 with
albiglutide (0.82%) vs. insulin lispro (0.66%, p <0.0001 for non-inferiority); 2) weight loss with albiglutide
(1.61 lbs) vs. weight gain (1.79 lbs) with insulin lispro at week 26; and 3) an increased rate of nausea (13%
vs. 2.1%) and vomiting (7% vs. 1.4%) with albiglutide vs. insulin lispro. (For our coverage of this topline
data, please see the April 6, 2012 Closer Look at http://www.closeconcerns.com/knowledgebase/r/
e73687a1). The new data provided today by Dr. Rosenstock revealed that the A1c reductions achieved at
week 26 were sustained through week 56, more participants in the albiglutide arm achieved an A1c <7.0%
and <6.5%, weight changes continued to diverge between the groups through week 56, hypoglycemia rates
were reduced in the albiglutide arm (2.12 vs. 1.01 events per patient year), injection site reactions were
slightly higher in the albiglutide arm (9.5% vs. 5.3%), and antibody formation was low with albiglutide
treatment in the trial. During Q&A, Dr. Rosenstock remarked that there were no significant changes in
lipids, blood pressure, or pulse rate with albiglutide treatment.

▪ The Harmony 6 trial was a 52-week, randomized, open-label, active comparator
controlled study that randomized individuals with type 2 diabetes to receive 30 mg of
once weekly albiglutide (n=279) or thrice-daily insulin lispro (n=278) added on to
insulin glargine with or without metformin and/or a TZD. The primary efficacy endpoint of
the study was A1c reduction at 26 weeks. At baseline, average age was 55 years, weight was 92 kg,
BMI was 33 kg/m , duration of diabetes was 11 years, A1c was 8.5%, and FPG was 153 mg/dl.2

Approximately 70% of participants continued to receive metformin therapy and 2% continued to
receive TZD therapy in the study. Insulin glargine treatment was titrated to a target FPG of 80-130
mg/dl. Insulin lispro therapy was adjusted per a pre-specified algorithm based upon BG monitoring.
Albiglutide therapy could be up-titrated at week eight to 50 mg if an A1c of <8.0% was not achieved.
An ITT-LOCF analysis was employed.

▪ Non-inferior improvements in glycemic control were demonstrated in the albiglutide
arm in comparison to the insulin lispro arm at weeks 26 and 52. A1c reductions at week
26 were 0.82% in the albiglutide arm vs. 0.66% in the insulin lispro arm (p <0.0001 for non-
inferiority). Dr. Rosenstock indicated that the result was close to demonstrating superiority for
albiglutide (p=0.053). These reductions in A1c were largely maintained through week 52, with a
change in A1c of 0.75% in the albiglutide arm and 0.66% in the insulin lispro arm. Changes in FPG
at week 26 were also not significantly different between the arms (-17.9 mg/dl for albiglutide vs.

www.closeconcerns.com 100

/knowledgebase/r/e73687a1
/knowledgebase/r/e73687a1


-12.9 mg/dl for insulin lispro), and these changes were maintained out to week 52. Finally, more
individuals in the albiglutide arm achieved an A1c <7% (30% vs. 25%) and <6.5% (11% vs. 8.5%) at
the end of 52 weeks than individuals in the insulin lispro arm. Interestingly, the mean insulin
glargine dose was increased in comparison to baseline in both the albiglutide (+5 units to 52 units)
and insulin lispro (+7 units to 50 units) arms.

▪ On average, individuals in the albiglutide arm experienced weight loss while
individuals in the insulin lispro arm experienced weight gain. At the end of 26 weeks,
weight loss in the albiglutide arm was 0.73 kg (1.61 lbs) and weight gain in the insulin lispro arm was
0.81 kg (1.79 lbs). The resultant treatment difference was 1.54 kg (3.40 lbs; p <0.0001). At the end of
52 weeks, the treatment difference was even greater at 2.61 kg (5.75 lbs), with a weight loss of 0.96
kg (2.12 lbs) with albiglutide and weight gain of 1.66 kg (3.66 lbs) with insulin lispro.

▪ Hypoglycemia occurred less frequently while GI side effects occurred more frequently
in the albiglutide arm. The number of hypoglycemic events per patient year were doubled in the
insulin lispro arm (2.12 vs. 1.01 events per patient year). However, the occurrence of severe
hypoglycemia was reported to be negligible in both arms. No major imbalance was observed
between the arms with regards to adverse events, except for an increased rate of GI side effects in
the albiglutide arm (41.8% vs. 21.4%). More specifically, 13% of participants experienced nausea in
the albiglutide arm vs. 2.1% in the insulin lispro arm. Vomiting occurred in 7% of the participants in
the albiglutide arm vs. 1.4% of participants in the insulin lispro arm. Dr. Rosenstock remarked that
these rates for albiglutide, while relatively higher than insulin lispro in the study, were lower than
rates observed with other GLP-1 agonists in separate studies. A slightly higher rate of injection site
reactions were also observed in the albiglutide arm (9.5% vs. 5.3%), although the majority were
deemed to be mild in intensity (83.7% vs. 95.6%, respectively). Few systemic allergic reactions
occurred with both albiglutide (1.4%) and insulin lispro (0.7%) treatment, and the treatment
difference was not statistically significant. Additionally, antibody formation to both therapies was
noted to be low and similar between the groups.

Questions and Answers

Q: Can you comment on whether there were any changes in lipids, blood pressure, and pulse
rate?

A: There were no changes in the lipid profile. In terms of blood pressure, there was nothing major there.
There were also not major changes in heart rate. There were initial minor changes in heart rate, but nothing
overall.

EFFICACY AND SAFETY OF ONCE-DAILY LIXISENATIDE ADDED ON TO TITRATED
GLARGINE PLUS ORAL AGENTS IN TYPE 2 DIABETES: GETGOAL-DUO 1 STUDY (62-OR)

Julio Rosenstock, MD (University of Texas Southwestern, Dallas, TX)

Dr. Rosenstock presented results from the phase 3 study GetGoal-Duo 1 for Sanofi's once daily GLP-1
agonist lixisenatide. As a reminder, the study evaluated the safety of efficacy of adding lixisenatide to
recently initiated and optimally titrated insulin glargine therapy in individuals with type 2 diabetes.
Topline results reported for the trial in December 2011 highlighted that lixisenatide led to further reductions
in A1c over placebo and minimized the weight gain associated with basil insulin therapy, but was associated
with increased rates of GI adverse events and hypoglycemia - although the hypoglycemia rate remained
low. In today's presentation, Dr. Rosenstock discussed additional safety and efficacy data from the trial. Of
greatest note, he revealed: 1) the specific A1c reductions observed in each treatment arm (-0.71% with
lixisenatide vs. -0.40% with placebo); 2) that significantly more participants in the lixisenatide arm were
able to achieve the composite endpoint of A1c <7.0%, no hypoglycemia, and no weight gain (28% vs. 18%);
3) that injection site reactions were elevated in the lixisenatide arm (6.7% vs. 2.2%); and 4) that the
discontinuation rate due to adverse events was higher in the lixisenatide arm (8.5% vs. 3.6%), largely driven
by GI side effects.
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▪ The GetGoal-Duo 1 study evaluated the safety of efficacy of adding lixisenatide to
recently initiated and optimally titrated insulin glargine therapy in individuals with
type 2 diabetes. The randomized, double-blind, placebo-controlled study included a 12-week run
in period in which insulin glargine therapy was initiated and titrated to a target FPG of 80-100 mg/
dl. Following this 12-week period, participants (n=446) who had not achieved an A1c <7.0% despite
achieving the FPG target were randomized to receive lixisenatide once daily or placebo for 24 weeks
while continuing on insulin glargine therapy (continuously titrated) and background metformin
and/or TZD therapy. The primary endpoint of the study was change in A1c at week 26. At baseline,
patient demographics were similar in both groups. Average age was 56.2 years, type 2 diabetes
duration was 9.2 years, BMI was 31.8 kg/m , and A1c was 8.6%.2

▪ Lixisenatide treatment improved glycemic control over placebo when added onto
insulin glargine treatment. During the run in period, A1c was reduced in both treatment groups
from 8.6% to 7.6%. At week 26 of the treatment period, lixisenatide (-0.7%) provided further
improvements in A1c over placebo (treatment difference of 0.32%; p <0.0001). The percentage of
individuals achieving an A1c <7.0% (56% vs. 39%) and <6.5% (32% vs. 16%) was statistically greater
in the lixisenatide arm than the placebo arm, respectively. Additionally, two hour OGTT values were
significantly improved with lixisenatide over placebo (mean treatment difference of 56 mg/dl; p
<0.0001). Dr. Rosenstock noted that insulin glargine doses were only minimally titrated in the
treatment period, increasing from 44 units to 50 units per day in both arms.

▪ Lixisenatide had a beneficial effect on body weight, but was associated with an
increased risk for hypoglycemia. In the lixisenatide arm, there was 0.3 kg (0.7 lbs) of weight
gain vs. 1.2 kg (2.6 lbs) of weight gain in the placebo group (p=0.0012). Meanwhile, the number of
hypoglycemic events per patient-year was 0.98 for lixisenatide vs. 0.44 for placebo - although Dr.
Rosenstock argued that this was still a very low rate of hypoglycemia. Significantly more participants
in the lixisenatide arm were able to achieve the composite endpoint of A1c <7.0%, no hypoglycemia,
and no weight gain (28% vs. 18%).

▪ As expected, GI side effects were the most frequently reported adverse events in the
lixisenatide arm. In particular, the rates of nausea (27.4% vs. 4.9%) and vomiting (9.4% and
1.3%) were elevated with lixisenatide treatment over placebo, respectively. On average, nausea
appeared to subside after six to eight weeks of treatment. The percentage of participants
discontinuing from the trial due to adverse events was also higher in the lixisenatide arm (8.5% vs.
3.6%), which was driven by nausea and vomiting (4% vs. none). Injection site reactions occurred in
6.7% of individuals in the lixisenatide arm in comparison to 2.2% in the placebo arm. However,
injection sites reactions did not play a major causal role in study discontinuation (0.9%). Only one
pancreatitis case was reported in the study, and it occurred in the placebo arm.

Questions and Answers

Q: Was there any effect on heart rate, blood pressure or lipids?

A: There were no lipid changes in this study. There doesn't appear to be a signal for pulse increases with
lixisenatide. There was no change in blood pressure either.

Q: The effects of lixisenatide were quite impressive. When was the drug administered?

A: Lixisenatide was administered in the morning. The mixed meal tests were conducted in the morning.

Q: Do you have any data for PPG following other meals?

A: No, we don't in this study.

EXENATIDE TREATMENT FOR SIX MONTHS IMPROVES INSULIN SENSITIVITY IN ADULTS
WITH TYPE 1 DIABETES MELLITUS (58-OR)

Gayatri Sarkar, MD (DEOB, NIDDK, NIH, Bethesda, MD)
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Dr. Sarkar presented the results of a small study that explored the effects of exenatide on glucose
metabolism in adults with type 1 diabetes with a focus on insulin sensitivity. The cross over study
randomized 14 adults with long-standing, well-controlled type 1 diabetes to receive either insulin or insulin
and exenatide (dose gradually increased to 10 mcg four times daily) for six months before switching
treatments. Exenatide provided decreases in weight and postprandial plasma glucose levels, an increase in
fasting plasma glucose levels, and no change in A1c (data presented in Table 1, below). While taking
exenatide and insulin, participants had lower daily insulin requirements and enhanced insulin sensitivity
compared to treatment with insulin monotherapy. Dr. Sarkar reviewed several potential explanations of the
results, which are summarized in Table 2 below. In particular, she noted that while exenatide's mechanism
of enhancing insulin sensitivity in humans is currently uncertain, results from preclinical studies have
suggested some possibilities, including increased vagus nerve activity and altered cytokine production. Dr.
Sarkar concluded by stating that the results from this study should prompt further investigation into
whether insulin sensitizing effects can also be achieved with other GLP-1 agonists in people with type 1
diabetes.

Table 1. Study Results

Measurement On Exenatide Off Exenatide P value

Weight (kg) 74.2 78.4 p=0.0003

A1c (%) 6.6 6.8 p=0.388

Fasting plasma glucose (mg/dl) 136.9 129.7 p=0.0002

Postprandial plasma glucose (mg/
dl)

135.5 142.5 p=0.0005

Insulin requirement (units/kg/day) 0.48 0.55 p=0.0062

Insulin Sensitivity Index (SI)*

(mg/m /min per2 mU/ml)
7.15 5.21 p=0.0039

* The Insulin Sensitivity Index (SI) is defined as the glucose disposal rate normalized for body surface area
and plasma insulin concentration. It was determined using hyperinsulinemic euglycemic clamp studies lasting
180 minutes with an insulin dose of 120 mU/m /min.2

Table 2: Potential Explanations of Results

Observed Result Potential Explanation

Decreased body weight Suppressed appetite

Lack of lowering fasting plasma glucose levels Lack of inhibition of glucagon

Decreased postprandial plasma glucose levels Slower gastric emptying

No change in A1c Net effect of fasting and postprandial plasma

glucose levels

Lower insulin requirement Improved insulin sensitivity
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Improved insulin sensitivity Mechanism is not entirely clear in humans.

Results of preclinical studies suggest three

possibilities:

{C}

1. {C}

Increased insulin-stimulated glucose uptake in

muscle and fat cells via a PI-3 kinase dependent

mechanism

{C}

2. {C}

Centrally increased vagal activity

{C}

3. {C}

Anti-inflammatory effects and altered cytokine

production.

Questions and Answers

Q: With respect to the increased fasting plasma glucose levels, you said it may be due to a lack
of glucagon inhibition. Do you have any data on postprandial glucagon measurements?

A: No, our group didn't see any difference in glucagon. However, other groups have shown inhibition of
glucagon after exenatide use. So this remains controversial. Now there are postulates for some mechanisms
for the lack of glucagon suppression. Because there is no ability to produce insulin in type 1 diabetes patients,
the cross talk between glucagon and insulin may be lost. Also, there is no postprandial expression of amylin in
people with type 1 diabetes, and amylin has been shown to suppress glucagon. So the topic is controversial.

VILDAGLIPTIN REDUCES GLUCAGON DURING HYPERGLYCEMIA AND SUSTAINS
GLUCAGON COUNTER-REGULATION IN TYPE 1 DIABETES (59-OR)

Bo Ahren, MD, PhD (Lund University, Malmo, Sweden)

Dr. Ahren presented results from a small (n=28), randomized, placebo-controlled, crossover study in people
with type 1 diabetes that examined the effects of vildagliptin treatment on glucagon responses during meal
induced hyperglycemia and insulin-induced hypoglycemia. Following four weeks of treatment with
vildagliptin or placebo, a mixed meal test and a subsequent hyperinsulinemic hypoglycemic clamp were
used to measure glucagon responses to a meal and induced hypoglycemia. Overall, the study found that
vildagliptin treatment was associated with a reduced glucagon response following a meal (73% reduction;
p=0.022), but no significant reduction in the glucagon response during hypoglycemia (11% reduction;
p=0.895). Changes to other counter-regulatory hormones (i.e., epinephrine, norepinephrine, and cortisol)
were also not observed. Interestingly, despite no detected alterations in counter-regulatory responses to
hypoglycemia, glucose levels remained lower in the vildagliptin arm (6.4 mmol/l [115 mg/dl]) than in the
placebo arm (7.6 mmol/l [136.8 mg/dl]; p=0.040) during recovery from hypoglycemia. Dr. Ahren was
unclear of why this result occurred, but hypothesized that it might have been related to the lower average
blood glucose achieved by participants treated with vildagliptin in the study. Vildagliptin treatment led to a
0.3% reduction in A1c vs. no change with placebo (p <0.001). Finally, vildagliptin therapy was reported to
be safe and well tolerated, with no differences in rates of adverse events in comparison to placebo, including
hypoglycemia. Based on this data, Dr. Ahren concluded that vildagliptin could serve as an effective adjunct
to insulin therapy in people with type 1 diabetes and called for more extensive studies to more robustly
examine DPP-4 treatment in this patient population.

▪ This placebo-controlled, crossover study examined the effects of vildagliptin
treatment on glucagon response during meal-induced hyperglycemia and insulin-

www.closeconcerns.com 104



induced hypoglycemia in people with type 1 diabetes. 28 individuals with type 1 diabetes
with no measurable C-peptide response, an A1c of 6.5% to 8.5%, and a diabetes duration between
two and twenty years were randomized to receive 50 mg of vildagliptin twice daily or placebo for
four weeks. All participants continued with their previous insulin therapy. Following a four-week
wash out period, trial participants received the alternative study treatment for an additional four
weeks. A mixed meal test and subsequent hyperinsulinemic hypoglycemic clamp at 2.5 mmol/l (45
mg/dl) were used to measure glucagon responses to a meal and induced hypoglycemia at the end of
both treatment periods. Blood glucose values, intact GLP-1 levels, and other counter-regulatory were
also measured (i.e., epinephrine, norepinephrine, and cortisol). At baseline, average age was 30
years, BMI was 24.8 kg/m , A1c was 7.7%, and diabetes duration of 11 years.2

▪ Vildagliptin treatment was associated with a reduced glucagon response following a
meal, but no significant reduction in glucagon response during hypoglycemia.
Following the consumption of the mixed-meal, glucose levels were observed to be higher in the
placebo arm than the vildagliptin arm. This result was at least partly attributed to a 73% reduction in
glucagon levels in the vildagliptin arm (p=0.022). During hypoglycemia (induced using the
hyperinsulinemic hypoglycemic clamp) the glucagon counter-regulatory response was not found to
be significantly impaired with vildagliptin treatment (11% reduction, p=0.895). Similarly, the
counter-regulatory responses in epinephrine, norepinephrine and cortisol were also not different
between the groups. Interestingly, despite no detected alterations in counter-regulatory responses to
hypoglycemia, glucose levels remained lower in the vildagliptin arm (6.4 mmol/l [115 mg/dl]) than
in the placebo arm (7.6 mmol/l [136.8 mg/dl]; p=0.040) during recovery from hypoglycemia.

▪ Vildagliptin treatment provided statistically significant reductions in A1c over placebo
but no change in insulin dose requirements. After four weeks of treatment, average A1c
reduction in the vildagliptin arm was 0.3% in comparison to no change in placebo (p <0.001).

Oral Sessions: The Clinical Management of Diabetes

COMPARISON OF 24-WEEK TREATMENT WITH EXENATIDE, INSULIN AND
PIOGLITAZONE IN NEWLY DIAGNOSED AD DRUG-NAIVE T2DM (12-OR)

Wen Xu, MD (Third Affiliated Hospital of Sun Yat-Sen University, Guangzhou, China)

In the CONFIDENCE trial (clinicaltrials.gov ID: NCT01147627; study conducted at 25 sites in China), newly
diagnosed and drug-naïve patients with type 2 diabetes (n=416) were randomized to receive exenatide (5ug
BID; titrated up to 10 ug BID after four weeks), mixed protamine zinc recombinant human insulin lispro
25R injection (initial dose 0.4 IU/kg/day), or pioglitazone (30 mg; titrated to 45 mg as appropriate) for a
48-week period in order to compare the efficacy of exenatide versus the other agents on glycemic control
and β-cell function. In this preliminary analysis of 24-week data available as of November 2011 (n=127), the
exenatide group (n=40) and the insulin group (n=43) experienced significantly greater (p=0.036)
reductions in A1c (1.8% from baselines of 8.0% and 8.2%) compared to the pioglitazone group (n=44) (1.3%
from a baseline of 8.0%). Exenatide treatment resulted in significantly more weight loss (5.0 kg [11 lbs])
than with insulin treatment (0.7 kg [1.6 lbs]) or pioglitazone treatment (2.6 kg [5.7 lbs]). No cases of severe
hypoglycemia were reported during the 24-week period. In the exenatide group, GI side effects were the
most commonly reported adverse event (60%); one case of acute pancreatitis was reported in this treatment
arm. The trial is expected to complete later this year. (Editor's note - we didn't catch baseline weights.)

▪ In the CONFIDENCE trial, 416 newly diagnosed, drug-naïve individuals with type 2
diabetes were randomized to exenatide, insulin, or pioglitazone treatment. These
patients were enrolled from 25 centers in China, were 30-70 years of age, had a BMI of 20-35
kg/m , had baseline A1c between 7.0% and 10.0%, and had stable body weight (≤10% fluctuations2

for at least three months). In this analysis of the available 24-week data as of November 2011
(n=127), patients were on average 52 years old, with a BMI of 26 kg/m .2

Questions and Answers
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Q: Nearly 60-65% of patients with exenatide experienced GI side effects. What was the
discontinuation rate in this group?

A: Only five patients withdrew from the study because of severe GI effects. Most were able to tolerate these
adverse events. About 20% of patients had to go back to the 5 ug BID dose; at that dose, they could tolerate
the adverse events, and had very good glucose control at that dose.

Q: Could you comment on the rationale behind your insulin choice, and tell us how it was
titrated?

A: We chose it because multiple daily injections would not have been practical, since all patients were treated
for 48 weeks. So, we used a twice-daily insulin. We didn't have a standard titration algorithm; we just asked
investigators to titrate insulin according to their experience.

Q: Was the dose of pioglitazone increased to 45 mg?

A: Yes, it was - if patients had A1c greater than 9%, pioglitazone was titrated to the maximum dose of 45 mg.

Q: Some of the results you presented seemed surprising, just based on what I think I know
from previous trials - you observed a 1.8% decrease in A1c with exenatide, and you didn't see
any weight gain with pioglitazone or insulin, right?

A: It is not common to see weight reduction with pioglitazone. In this preliminary data, we showed that
patients treated with pioglitazone lost weight. Two potential explanations are the lifestyle modification
program, and the small sample size in this analysis. Only 127 patients had 24-week data available for analysis
at the time - just 40 patients in each group. Before I came here, I analyzed all the most recent data we could
get from the database, and patients treated with exenatide had about a 3.5 kg (7.7 lb) weight reduction,
patients treated with pioglitazone had about a 0.5 kg (1.1 lb) reduction, and patients treated with insulin had a
0.17 kg (0.37 lb) increase. We think that with a larger sample size and longer follow-up period, these weight
changes may reflect what previous trials have shown; maybe patients treated with pioglitazone will have
weight gain.

REAL-WORLD OUTCOMES OF INITIATING INJECABLE THERAPY WITH INSULIN
GLARGINE OR LIRAGLUTIDE AMONG PATIENTS WITH TYPE 2 DIABETES (11-OR)

Philip Levin, MD (Mercy Medical Center, Baltimore, MD)

Dr. Levin presented the results from a retrospective analysis of the IMPACT managed care database that
assessed and compared the real-world clinical outcomes (at one-year) and costs associated with injectable
treatment initiation with liraglutide or insulin glargine among people with type 2 diabetes. Inclusion
criteria for the study included age over 18, initiation of either therapy between January and June 2010, and
A1c over 7%. Stringent propensity score matching (1:1 ration) was used to minimize any differences among
baseline characteristics between the two study groups. A total of 336 individuals were included in the final
study (168 individuals in each group). Overall, differences in treatment persistence, A1c reductions (1.02%
vs. 0.95%), prevalence of overall hypoglycemia (7.7% vs. 4.7%), and prevalence of severe hypoglycemia
(1.1% for each) were found to be non-significant between the insulin glargine and liraglutide groups,
respectively. However, insulin glargine was associated with lower yearly study drug costs ($1198 vs.
$2784; p <0.0001), which also drove lower diabetes related drug costs ($2958 vs. $3988) and lower total
diabetes related costs ($5600 vs. $7900) for insulin glargine. Dr. Levin concluded that these results suggest
that among people with type 2 diabetes, the initiation of injectable therapy with insulin glargine in
comparison to liraglutide is associated with similar clinical outcomes but lower diabetes care costs in a real-
world setting. Still, he noted that there were several notable limitations to the study, including a small
sample size, a lack of weight loss data, the short time span of the study, the observational and retrospective
nature of the study, and the use of clinical data from a claims database that may contain errors regarding
diagnosis and treatment codes. Further details from the study will be presented in poster 1108. We note that
in the LEAD-5 study, liraglutide was demonstrated to provide statistically significant improvements in A1c
(1.33% vs. 1.09%; p=0.0015) and weight (treatment difference -3.43 kg; p <0.0001) over insulin glargine
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when added onto metformin and glyburide therapy. Rates of major and minor hypoglycemia were reported
to be similar between the two arms.

Oral Sessions: Human Immunology and Diabetes

GLUCAGON-LIKE PEPTIDE-1 - A KEY REGULATOR OF INNATE IMMUNE FUNCTION WITH
CLINICAL EFFICACY IN A RANGE OF INFLAMMATORY DISEASES (90-OR)

Andrew Hogan, PhD (St. Columcille's & St. Vincent's Hospitals, Dublin, Ireland)

Dr. Hogan explored the role of GLP-1 as a regulator of innate immune function. In particular, he
highlighted the anti-inflammatory effects of GLP-1, which he suggested were mediated by the hormone's
effects of on invariant natural killer T (iNKT) cells. As background, iNKT cells are a subset of lymphocytes
that possess potent immunoregulatory activities, with the ability to modulate biological processes ranging
from inflammation, autoimmunity, and tumor rejection to antimicrobial immunity. Consequently, iNKT
cells are thought to play a role in the pathology of a number of different inflammatory, autoimmune, and
infectious diseases. Dr. Hogan highlighted results from both rodent and human studies to detail the known
impacts of GLP-1 on iNKT cells. In mice, liraglutide at 50 ug/kg (a significantly higher dose than currently
approved for use in humans [1.2 or 1.8 mg]) had no effect on weight and food intake, but did decrease fat
pad mass and white adipose tissue adipocyte size. Liraglutide was also found to increase the number of
circulating and thymic iNKT cells, and it exhibited several anti-inflammatory effects, including the
modulation of white adipose tissue macrophage polarization. These effects were conferred in an initial, very
small human study, which examined the effects of liraglutide treatment in two people with type 2 diabetes
and psoriasis (an inflammatory disease). After six weeks of treatment, the Psoriasis Area and Severity
Index improved in both patients. These improvements were associated with increased numbers of iNKT cells
in circulation and decreased numbers in psoriatic plaques. Separately, in vitro studies showed that the
GLP-1 receptor was expressed on iNKT cells, and that GLP-1 could induce dose-dependent inhibition of iNKT
cell cytokine secretion. While acknowledging the need for much further investigation in this area, Dr. Hogan
concluded that GLP-1 appears to directly interact with the immune system, potentially raising the
possibility for therapeutic applications of GLP-1 in inflammatory diseases.

Oral Sessions: Diabetic Dyslipidemia

EXENATIDE, A GLUCAGON-LIKE PEPTIDE RECEPTOR AGONIST, ACUTELY INHIBITS
INTESTINAL LIPOPROTEIN PRODUCTION IN HEALTHY HUMANS (49-OR)

Changting Xiao, PhD (University of Toronto, Toronto, Canada)

Dr. Xiao described the effects of exenatide on triglyceride-rich lipoprotein (TRL) production and clearance
in healthy men. A cohort of normolipidemic, normoglycemic men (n=15) was administered 10 ug of
exenatide while a pancreatic clamp was used to mitigate exenatide-induced changes in insulin and glucagon
production. During the study, a fed state was also maintained by infusing a high-fat, mixed macronutrient,
liquid formula at a constant rate into the duodenum. No significant differences were observed in plasma
triglyceride, TRL, or free fatty acid levels. Exenatide did, however, acutely inhibit intestinal lipoprotein
(apoB-48) production, but not hepatic lipoprotein (apoB-100) production. While exenatide administration
did result in a transient rise in insulin and C-peptide levels, Dr. Xiao indicated that the prolonged
suppression of apoB-48 observed in the trial was thought to be a direct result of exenatide. Previous clinical
trials have demonstrated the ability of GLP-1 agonists to improve plasma lipid profiles and postprandial
lipemia; yet, the mechanisms underlying these effects have remained unclear. Based upon these results, Dr.
Xiao suggested that these effects could be mediated by the direct effects of GLP-1 agonists on intestinal
lipoprotein production independent of any effects on gastric emptying, weight loss, and satiety.

Questions and Answers

Q: You ran into an issue of lack of complete suppression with the pancreatic clamp - it could be
that the intestine is more sensitive than the liver is. Could a change in the site of absorption be
a factor?
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A: This is possible, however we can't tell if adsorption site changed with GLP-1 based on the current data.

Posters

EFFICACY AND SAFETY OF ONCE-DAILY LIXISENATIDE IN TYPE 2 DIABETES
INSUFFICIENTLY CONTROLLED WITH BASAL INSULIN ± METFORMIN (983-P)

Matthew Riddle, Ronnie Aronson, Philip Home, Michel Marre, Elisabeth Niemoeller, Lin Ping,
Julio Rosenstock

The 24 week, double-blind, placebo controlled phase 3 trial (n=495) randomized participants with type 2
diabetes previously treated with basal insulin with or without metformin to add placebo or 20 µg of
lixisenatide, Sanofi's once daily GLP-1 agonist. Lixisenatide in addition to basal insulin led to significantly
greater reductions in A1c compared to placebo (-0.74% vs -0.38%, p=0.0002), post-0prandial glucose after
breakfast (-75 mg/dl vs -6 mg/dl, p<0.0001), and mean seven-point self-monitored blood glucose (-27 mg/
dl vs -11 mg/dl, p <0.0001). However, no significant change in fasting plasma glucose levels were observed.
Additionally, after 24 weeks, participants on lixisenatide lost 1.8 kg (3.97 lbs) of weight on average
compared to 0.5 kg (1.10 lbs) with placebo (p <0.0001). Gastrointestinal disorders accounted for the
majority of adverse events in the lixisenatide arm, and were significantly more frequent (40.2%) than in the
placebo arm (20.4%). Treatment with lixisenatide resulted in no significant increases in hypoglycemia
compared to placebo. A double-blind extension study of at least 52 weeks is currently underway.

▪ In this 24 week, double-blind, randomized and placebo controlled trial, people with
type 2 diabetes were randomized to receive placebo (n=167) or 20 µg of lixisenatide
(n=328) in addition to their previous basal insulin treatment, with or without
metformin. Lixisenatide was added in a two-step dose increase regimen (i.e., 10 ug at trial start, 15
ug at week one, and 20 ug at week two). The study drug was delivered subcutaneously once daily,
less than an hour before breakfast. Participants had diabetes for an average duration of 11 years,
were on basal insulin at a stable dosage (>30 U/day) for at least three months, and received diet and
lifestyle coaching every three months.

▪ Lixisenatide led to significantly improved glycemic control compared to placebo in
terms of A1c, postprandial glucose, and seven-point self-monitored blood glucose.
Lixisenatide reduced A1c from a mean 8.4% baseline significantly more than placebo (-0.74% vs.
-0.38%, p=0.0002). Additionally, a greater proportion of participants achieved a 7% A1c target at 24
weeks on lixisenatide (28.3%) compared to placebo (12%, p <0.01). Lixisenatide also led to
significantly greater reduction of postprandial glucose increment following breakfast (-75 mg/dl
from 138 mg/dl at baseline) than placebo (-6 mg/dl from 130 mg/dl at baseline, p <0.0001) and
greater mean reduction of seven-point self-monitored blood glucose (-27 mg/dl vs. -11 mg/dl, p
<0.0001). Change in fasting plasma glucose was not significantly different between the two groups
(-11 mg/dl with lixisenatide vs. -10 mg/dl with placebo, baseline of 145 mg/dl, p=ns). With regards
to weight, significantly greater reductions were observed with lixisenatide (1.8 kg [4.0 lbs], baseline
of 87.4 kg [192.7 lbs]) compared to placebo (0.5 kg [1.1 lbs], baseline of 89.1 kg [196.5 lbs],
p<0.0001).

▪ The most common side effects associated with lixisenatide treatment in combination
with basal insulin were gastrointestinal in nature. The incidence of gastrointestinal
disorders was higher in the lixisenatide treatment arm (40.2%) compared to placebo (20.4%), and
discontinuation due to GI adverse events was also higher with lixisenatide (4.3% vs 1.2%). The most
common adverse events in the lixisenatide arm, excluding hypoglycemia, were nausea (26.2%),
vomiting (8.2%), and diarrhea (7.3%). In contrast, 8.4% experienced nausea, 0.6% vomiting, and
5.4% diarrhea in the placebo arm. The study also reported one sudden cardiac death in the
lixisenatide arm unrelated to the study treatment. Finally, while symptomatic hypoglycemia was r
elevated in the lixisenatide arm over the placebo arm (27.7% and 21.6%, respectively), the difference
was not found to be statistically significant.
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IDENTIFYING PREDICTORS OF RESPONSE TO LIRAGLUTIDE IN TYPE 2 DIABETES USING
RECURSIVE PARTIONING ANALYSIS (1041-P)

Robert Ratner, Jason Brett, Naum Khutoryansky, Vanita Aroda

Analyzing pooled data from the six LEAD trials and Lira-DPP-4 study, this study identified characteristics
that predict the likelihood of responding to therapy, defined as achieving an endpoint A1c of <7%, with no
weight gain and no hypoglycemia over 26 weeks. Overall, 34% of individuals on liraglutide 1.8 mg achieved
this composite endpoint (n=1,530), compared to 30% of those on liraglutide 1.2 mg (n=1075), 24% on
exenatide (n=221), 14% on sitagliptin (n=210), 9% on sulfonylureas (n=475), 9% on glargine (n=224), and
3% on TZDs (n=226). The most significant predictor of response to therapy was baseline A1c, as 46% of
individuals with a baseline A1c <8.5% achieved the composite outcome compared to only 19% of individuals
with baseline A1c ≥8.5% (p <0.0001). Recursive partitioning analysis was then used to identify a total of six
homogenous subgroups with varying probabilities of achieving the composite endpoint with liraglutide 1.8
mg treatment. The subgroup consisting of female participants with baseline A1c <8.5%, previous treatment
with diet or monotherapy, and diabetes duration <4.9 years had the highest likelihood of achieving the
composite outcome (74%). Individuals with a baseline A1c ≥8.5% who were previously on combination oral
antidiabetic therapy had the lowest likelihood of achieving the endpoint (14%). In general, the type of
analysis used in this study may be valuable for guiding clinicians in individualizing treatment approaches.

PHARMACOKINETICS AND PHARMACODYNAMICS OF A NEW EXENATIDE
FORMULATION, EXENATIDE SUSPENSION (1099-P)

Leigh MacConell, Stephen Flore, Brenda Cirincione, Matthew Zierhut, Christopher Biwald,
Wenying Huang, T.K. Booker Porter, Lisa Porter

This phase 2, randomized, controlled, 2-cohort clinical trial examined the PK/PD profile of exenatide
suspension (EQWS). EQWS utilizes the same extended release microspheres as once weekly exenatide
(EQW), but is reformulated with a medium chain triglyceride (MCT) vehicle. As a pre-suspended product,
EQWS would be compatible with a pen device and would reduce the initial release that appears to affect
gastrointestinal tolerability. In an in vitro release assay, EQWS was shown to have a blunted initial release
compared to EQW, but a similar release profile overall. This trial's first cohort of 30 healthy volunteers,
which was given a single 10 mg dose of EQWS, confirmed the release profile seen in vitro. This profile was
characterized by exenatide concentrations increasing gradually over time and peaking at weeks six to
seven. The extent and duration of exposure following one dose of EQWS was similar to what has been seen
with EQW, suggesting that EQWS could provide similar efficacy with improved delivery. This trial's second
cohort included 35 individuals with type 2 diabetes who received weekly injections of 2 mg EQWS or MCT-
only as a control. Those on EQWS achieved mean steady-state concentrations by eight to ten weeks. At week
12, there was a significant difference in mean A1c between those receiving EQWS compared to MCT-only
(-0.9% versus 0.1%, p<0.05; mean baseline A1c ~ 8%). EQWS was generally well tolerated; the majority of
observed treatment-emergent adverse events were of mild intensity, and no major or minor hypoglycemia
was observed. Overall, the safety profile, release profile, and improvements in glycemic control seen with
EQWS were comparable to EQW, supporting development of exenatide suspension.

▪ At twelve weeks, participants receiving 2 mg EQWS experienced an A1c reduction of
0.9% compared to a 0.1% A1c increase in the control group. Significantly more participants
reached an A1c goal of <7% on EQWS (61%) compared to MCT-only (17%). EQWS treatment also led
to a significant reduction in fasting plasma glucose (32 mg/dl) in comparison to MCT-only, which
led to an 8 mg/dl increase after 12 weeks. Additionally, individuals on EQWS lost an average of 1.4
kg (3.1 lbs), compared to 0.4 kg (0.9 lbs) with MCT-only.

▪ Apart from injection site reactions, EQWS was generally well tolerated, with no major
or minor hypoglycemia events observed. Injection site reactions accounted for the majority of
adverse events, with 52.2%, 47.8%, and 39.1% of participants on EQWS experiencing erythema,
pruritus, and haematoma, respectively. In comparison, participants on MCT-only experienced these
reactions at rates of 8.3%, 8.3%, and 50%, respectively. Patients treated with 2 mg EQWS also
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reported decreased appetite, injection site pain, and nausea (21.7% each). In contrast, nausea,
injection-site pain, and diarrhea rates were 8.3%, 0.0%, and 0.0%, respectively in control patients.
Overall, the adverse event profile of EQWS was similar to that previously seen with EQW.

EFFICACY AND SAFETY OF LIXISENATIDE ONCE DAILY VERSUS PLACEBO IN PATIENTS
WITH TYPE 2 DIABETES INSUFFICIENTLY CONTROLLED ON PIOGLITAZONE (GETGOAL-P)
(1010-P)

Michel Pinget, Ronald Goldenberg, Elisabeth Niemoeller, Isabel Muehlen-Bartmer, Ronnie
Aronson

This randomized, double-blind, placebo-controlled, multicenter study evaluated the efficacy and safety of
lixisenatide (20 μg), a once-daily selective GLP-1 receptor agonist, compared with placebo in patients with
type 2 diabetes (n=484) insufficiently controlled with pioglitazone (≥30 mg daily) ± metformin. At the end
of the study's 24-week treatment period, lixisenatide produced a significantly greater reduction in A1c from
baseline (-0.90%) than placebo (-0.34%) (p <0.0001). Furthermore, 52% of the lixisenatide treatment
population achieved an A1c level of less than 7.0% compared with only 26% of the placebo population (p
<0.0001). Overall, lixisenatide was well tolerated, and significantly fewer participants on lixisenatide vs.
placebo required rescue therapy (3.8% vs. 11.3%). Incidence of adverse and severe side effects was
comparable in both groups, and there were no cases of severe hypoglycemia in either group. This data
suggests that lixisenatide effectively and safely improves glycemic control in patients with type 2 diabetes
experiencing insufficient control with pioglitazone ± metformin.

▪ Lixisenatide (n=323) and placebo (n= 161) treatment arms were well matched for A1c,
fasting plasma glucose, and body weight at baseline. Baseline A1c, fasting plasma glucose,
and body weight were 8.08%, 164.5 mg/dl, and 92.9 kg (204.8 lbs), respectively, in the lixisenatide
group. In the placebo group, baseline A1c, fasting plasma glucose, and body weight were 8.05%,
164.2 mg/dl, and 96.7 kg (213.2) lbs, respectively. About 51% of subjects in both groups had an A1c
of ≥8%. Demographic characteristics, including average age (56.0 years (lixisenatide group) vs. 55.3
years (placebo group), gender (% male = 53.3% lixisenatide group) vs. 50.9% (placebo group)), and
duration of diabetes (8.1 years), were also comparable between the two groups. Notably, over 80% of
all participants in both populations were Caucasian.

▪ Compared with placebo, lixisenatide produced significantly greater reductions in A1c
and fasting plasma glucose levels. At week 24, lixisenatide treatment lowered A1c by 0.90%
versus 0.34% with placebo (p < 0.0001). A significantly greater proportion of patients in the
lixisenatide arm vs. the placebo arm attained an A1c of ≤6.5% (28.9 vs. 10.1%; p <0.0001) and an
A1c of <7.0% (52.3 vs. 26.4%; p <0.0001) at 24 weeks. Similarly, lixisenatide was associated with a
significantly greater reduction in fasting plasma glucose vs. placebo (-20.9 mg/dl vs. -5.7 mg/dl).
Significantly fewer lixisenatide vs. placebo-treated patients required rescue therapy during the
study's 24-week treatment period (3.8 vs. 11.3%; p = 0.0011).

▪ There was no significant difference in mean body weight reduction with lixisenatide
vs. placebo treatment. From baseline to week 24, body weight decreased on average by -0.21 kg
(0.5 lbs) in the lixisenatide group compared with an average increase of 0.21 kg (0.5 lbs) in placebo-
treated patients.

▪ Incidence of adverse events and rates of discontinuation were comparable between
both treatment arms. Rates of treatment emergent adverse events (72.4% with lixisenatide vs.
72.7% with placebo) and serious TEAEs (2.5% with lixisenatide vs. 1.9% with placebo) were similar
between the study's arms. Discontinuation rates due to TEAEs were also similar between groups
(6.5% vs. 5.0% for the lixisenatide vs. placebo treated groups, respectively). Notably, symptomatic
hypoglycemia rates were low in both groups, and there was no incidence of severe hypoglycemia in
either treatment population.

www.closeconcerns.com 110



EXENATIDE ONCE WEEKLY RESULTED IN SUSTAINED IMPROVEMENT IN GLYCEMIC
CONTROL WITH WEIGHT LOSS THROUGH FOUR YEARS (1156-P)

Leigh MacConell, Yan Li, Rich Pencek, Christine Schulteis, Lisa Porter

The comparator-controlled, open-label, randomized DURATION-1 study examined the safety and efficacy of
exenatide once-weekly (EQW) in patients with type 2 diabetes over 30 weeks. Persistence of glycemic
control in patients receiving EQW was then studied in a four-year extension trial (n=258; 176 patients
completed four years of treatment). Long-term EQW treatment was associated with a significant reduction
in A1c (-1.7% [95% CI: -1.9, -1.5]). At four years, mean A1c was 6.9% ± 0.1% among those receiving EQW.
Four year EQW treatment was also associated with clinically significant improvements in fasting plasma
glucose (FPG) (-37 mg/dl), weight (-2.5 kg (5.5 lbs)), systolic blood pressure (-1.6 mmHg), total cholesterol
(-10.9 mg/dl), LDL cholesterol (-8.0 mg/dl), and triglyceride levels (-13%). Nausea was the most common
adverse effect associated with four-year EQW treatment; however, its incidence decreased substantially
over time. 20% of patients experienced adverse events during the four-year study duration. However, there
was no identifiable pattern of serious adverse events. No major hypoglycemia was observed, and minor
hypoglycemia was mainly associated with SFU use.

▪ At baseline, the four-year completer population (n=176) were on average 56 years old,
weighed 222 lbs, had a BMI of 35 kg/m , an A1c of 8.2%, a fasting plasma glucose of2

166 mg/dl, and an average duration of diabetes of 7 years. These values were comparable to
baseline data for the intent-to-treat population (n=295).

▪ At the end of four years, 55% of patients receiving EQW achieved an A1c of less than
7.0%, and 36% achieved an A1c less than 6.5%, quite striking results, especially the
percentage that got to an A1c of less than 6.5%, given the medium to high baseline A1c.
We do note that 34% of the ITT population withdrew between weeks 30 and 212 and, presumably,
their response to EQW might have not been as favorable; however, the results from those who did
stay in the study are encouraging. Notably, improvements in beta cell function with EQW treatment
were also observed after four years (HOMA-B and HOMA-S increased an average of 26% and 13%,
respectively).

▪ Nausea and injection-site infection were the most common adverse side effects
observed in the trial. Within the first 30 weeks of treatment, incidence of both nausea and
injection-site events was ~30%. Subsequently, the incidence reduced dramatically, and during the
second 30-week period of treatment, about 10% or less of patients reported either nausea and
injection-site events. The annual event rate for nausea with EQW was 15/100 years patient exposure
over the four-year study duration, while injection-site pruritus occurred at a rate of 6/100 years
patient exposure. Rates of vomiting and diarrhea also declined over time. 20% of EQW patients
experienced 89 serious adverse events during the study's four years, without any pattern among
these events.

▪ Notably, no major hypoglycemia was observed with EQW over the study's four years.
Minor hypoglycemic events occurred mainly in patients using concomitant sulfonylureas (event rate
of 26/100 years patient exposure over four years). We find it very encouraging, though not
surprising, that EQW's favorable hypoglycemia profile persists with long-term treatment.

EFFICACY AND SAFETY OF ONCE-WEEKLY (QW) ALBIGLUTIDE VS. ONCE-DAILY (QD)
LIRAGLUTIDE IN T2D (TYPE 2 DIABETES) INADEQUATELY CONTROLLED ON ORAL
AGENTS: HARMONY 7 TRIAL (947-P)

Richard Pratley, Anthony Barnet, Mark Feinglos, Ilana Harman-Boehm, Michael Nauck,
Fernando Ovalle, Susan Johnson, Murray Stewart, June Ye, Julio Rosenstock

Harmony 7 was a 32-week, randomized, open-label phase 3 trial (n=841) in which participants on one to
three oral anti-diabetic medications received GSK's albiglutide once-weekly titrated to a maximum of 50 mg
(n=404) or liraglutide once-daily titrated to a maximum of 1.8 mg (n=408). As previously reported (see our
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coverage at http://www.closeconcerns.com/knowledgebase/r/55204d6a), albiglutide failed to meet the
non-inferiority criteria of A1c reduction compared to liraglutide - compared to a 0.99% A1c reduction with
liraglutide (baseline 8.15%), those on albiglutide experienced an average A1c reduction of 0.78% (baseline
8.19%). Additionally, participants receiving albiglutide lost less weight than those on liraglutide (0.64 kg
[1.41 lbs] vs. 2.19 kg [4.83 lbs]). Fasting plasma glucose change from baseline was significantly greater with
albiglutide than liraglutide (-22.1 mg/dl with albiglutide vs. -30.4 mg/dl for liraglutide; p = 0.005).
Notably, fewer patients experienced nausea/vomiting on albiglutide than on liraglutide (9.9% vs. 29.2%
nausea, and 5.0% vs. 9.3% vomiting) - this was a striking tolerability finding and makes us wonder about
the dose of albiglutide used, especially since efficacy was lower. Hypoglycemia occurred more frequently in
the liraglutide group than the albiglutide group (though was very low in both), while subjects on albiglutide
experienced higher incidences of injection site reactions.

▪ Additional data on GI adverse events and A1c lowering support the strong tolerability
but reduced A1c lowering efficacy of albiglutide compared to liraglutide. Although
albiglutide significantly reduced A1c from baseline to week 32 (p <0.001), significantly more
patients achieved an A1c of <7% at 32 weeks with liraglutide (51.7%) than albiglutide (42.2%)
treatment (p=0.0323). Similarly, 19.6% vs. 28.1% (p=0.0009) of albiglutide vs. liraglutide treated
patients achieved an A1c of <6.5% at 32 weeks. Additionally, there was a statistically significant
difference between albiglutide and liraglutide for time to hypoglycemia rescue (p= 0.005), with a
higher probability of hyperglycemia rescue from week 12 to 32 in those taking albiglutide vs.
liraglutide. Notably, rates of GI adverse events were lower in the albiglutide vs. liraglutide group
(35.9% vs. 49.0%) - if the efficacy had been as strong, this might have been quite a notable finding.
The incidence of GI events was generally stable through the 32 weeks in the albiglutide group,
compared to a high peak in GI events with liraglutide in the first two weeks followed by a plateau
after 12 weeks. Rates of overall adverse events were similar between the two groups.

▪ Albiglutide showed a favorable tolerability profile in terms of pancreatitis and
hypoglycemia, but was associated with a higher incidence of injection site reactions
(12.9%) than liraglutide (5.4%). Pre- or post-rescue hypoglycemic events occurred more
frequently in the liraglutide group than the albiglutide group (20.8% vs. 16.3%), with the majority of
hypoglycemic events occurring in patients also taking sulfonylureas. Importantly, albiglutide was
associated with no pancreatitis events, compared to five incidences of on-therapy pancreatitis in the
liraglutide group (although one was likely not related to study drug).

Meet the Expert Sessions

NEWER AGENTS AND THEIR USE IN CLINICAL PRACTICE

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

In this very well attended Meet the Experts session (over 200 by our approximation!), Dr. Buse began by
briefly lauding the use of DPP-4 inhibitors (because of their "extreme" tolerability) and GLP-1 agonists
(because of their substantial glycemic efficacy and weight loss) in the treatment of type 2 diabetes. After
highlighting the need for anti-diabetic agents that address beta cell function and cardiovascular risk, Dr.
Buse opened the remainder of the session to questions from the audience. During the subsequent Q&A
session, Dr. Buse touched on a number of hot topics in the pharmacological treatment of diabetes, including
the prospects of SGLT-2 inhibitors, the safety of TZDs and GLP-1 agonists, the use of type 2 therapies to
treat type 1 diabetes (i.e., GLP-1 agonists, SGLT-2 inhibitors), and the need for earlier treatment in the
course of disease, including during prediabetes. Of particular note, Dr. Buse revealed that his default second
line therapy for people with type 2 diabetes was a GLP-1 agonist, stating that, "if [he] had diabetes, that is
what [he] would take." He also voiced optimism regarding the SGLT-2 inhibitor class, noting that all drug
classes have associated issues, and that SGLT-2 inhibitors offer the powerful combination of glucose
reduction, weight loss, and blood pressure lowering. While not appearing overly unconcerned with the
potential bladder cancer risk associated with pioglitazone, Dr. Buse expressed hesitation regarding the
early use of this therapy in the course of diabetes (including prediabetes) given the effects of the drug on
bone loss.
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Questions and Answers

Q: Can you tell us about the current status of SGLT-2 inhibitors?

A: This class is newer than new. Both dapagliflozin and canagliflozin are at one level of another under FDA
review. From my understanding, dapagliflozin has received a preliminary approval decision from the EMA. It
is not yet marketed in Europe, but it should be available soon. I personally think that this is an exciting class
of medications, especially in the post ACCORD world, which found excess mortality in the intensively treated
arm. There is some supposition, although no proof, that the mortality may have been related to adverse effects
associated with the drugs used, such as hypoglycemia and weight gain. I really like the possibility of using
metformin, GLP-1 agonists, SGLT-2 inhibitors, and maybe DPP-4 inhibitors to lower glucose levels without
causing an increase in weight (potentially even providing weight loss) or hypoglycemia risk.

Q: I heard a rumor that sometime in our future there may be combo SGLT-2/SGLT-1 drug.
These drugs would not only block reabsorption in the kidney, but also have an acarbose like
effect and block the rate of carbohydrate absorption.

A: SGLT-1 is involved in glucose absorption in the GI tract and SGLT-2 is involved in glucose reabsorption in
the kidney. There are several combined agents in development. If you inhibit the absorption of carbohydrates
in the intestine, you might get flatulence and diarrhea like with acarbose. This is why many thought targeting
SGLT-2 was more ideal. That said, there is some data around combined agents being effective with regard to
weight loss and glucose lowering, at least from small studies. With acarbose, you are not getting a net
malabsorption of carbohydrates, absorption is just delayed. With SGLT-1 inhibition, however, there would be
malabsorption of carbohydrates.

Q: I find the mechanism of action of SGLT-2 inhibitors to be bizarre. Can you talk about your
opinions on this class a little more?

A: It is bizarre. When I first heard the notion, I thought it was a bad idea. When I reflect back to when I was a
fellow and graduate student, I remember seeing a publication on the use of phlorizin in rodents. I tried to hold
back from my initial response. I looked at the rodent data and came to realize that there were humans with
SGLT2 mutations. These individuals lived normal lifespans without kidney disease. In clinical trials, in
general, people seem to tolerate SGLT-2 inhibitors quiet well. One of the issues that came up was that urinary
tract and genital infections occur more frequently with treatment, particularly yeast infections in women. The
severity of these side effects were reasonable modest. There were no patients in the development program for
dapagliflozin who developed pyelonephritis. Like other classes of drugs, this class also has some associated
issues. However, the ability of these drugs to lower glucose, blood pressure, and weight is very compelling in
the field of diabetes. Another issue that may occur is that some patients may become dehydrated, especially
those that develop flu like symptoms. There will lose an obligate loss of fluid. But again, all drug classes will
have their issues.

Q: Is the pancreatitis observed with sitagliptin a class effect?

A: To be provocative, I will say that it is a class effect. However, the class effect will be that there is probably
no increase in pancreatitis risk with these drugs. There have been three epidemiological studies published
that have examined the incidence of pancreatitis requiring hospitalization. These were pharmacy benefit
manager type data sets. Overall, the incidence of hospitalization due to pancreatitis associated with GLP-1 or
DPP-4 therapy (most of the data was for exenatide and sitagliptin) appeared similar to the incidence with
metformin and glyburide. That said, there were confidence intervals and there could be a small increased risk.
However, the vast evidence seems to suggest right now that there is no increased risk.

Q: Can you discuss how you use colesevelam and bromocriptine in clinical practice?

A: With colesevelam, I use it with the occasional patient who is on high doses of statins or is statin intolerant
and needs some additional LDL and A1c lowering. It provides both and is fairly well tolerated with no serious
adverse effects. That said, I haven't used it a lot. The A1c reductions achieved in clinical trials is modest, about
0.5%. You shouldn't think of it as something that will solve the diabetes problem, but it will provide you with
some LDL and A1c lowering that might be beneficial for a minority of patients. Bromocriptine is a bit more of
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a mystery. It would provide any greater efficacy than colesevelam, maybe even a bit less. I have not tried this
in my patients yet, but that doesn't mean that I don't wish to do so. I just haven't had the occasion. You do
need to take multiple tablets a day and there is only modest efficacy. I think bromocriptine might be a drug
that begins to find its way as we get more data on efficacy and tolerability through studies other than
company-sponsored studies. It does have a novel mechanism of action and is not associated with weight loss
or hypoglycemia.

Q: Bromocriptine has had astonishing CV disease data published. Maybe the drug will have a
special role in treating high CV risk patients?

A: My only concern is that the data is from a short-term study. It is really not equivalent to the data that is
being collected from the CV outcomes studies that are being conducted today for DPP-4 inhibitors and GLP-1
agonists. In the short-term, it is suggestive of benefit. For many drugs, however, shorter studies have
suggested potential CV benefit, such as the meta-analyses of development program data for DPP-4 inhibitors
and GLP-1 agonists. Fundamentally, I just don't believe it. I believe that these short-term studies may be
leading us astray. I'm not sure how, but I do believe they are leading us astray.

Q: Can you discuss the link between bladder cancer and pioglitazone?

A: We have a serious problem in the American society right now. Epidemiological studies are only hypothesis
generating. Multiple datasets have looked at this issue, but we cannot conclude based on the results of one,
two, or three such publications that pioglitazone causes bladder cancer. It is really only hypothesis generating.
That said, there was a bit of an issue in rodents during the development program. My understanding of it,
although this is not my area of expertise, the regulatory bodies decided that the rodent bladder cancer risk
was different from what was expected in humans. In the PROactive study, which was an randomized
controlled trial, there was an imbalance in bladder cancer risk. However, there weren't routine urinalyses in
the study. Pioglitazone can cause edema, so these individuals may have received urinalyses to evaluate edema
more often than controls, leading to a possible detection bias for bladder cancer in the trial. There were two
large pharmaco-epidemiology studies that examined bladder cancer risk with pioglitazone. The Kaiser study
was very well conducted. The French study had less data on potential baseline confounding variables. They
both come to similar conclusions - with long term use, there is a potential increased risk for bladder cancer
with pioglitazone. This is by no means proof. The second thing is that bladder cancer is quite rare. The last
time I reviewed this data, it was about 1 case per 20,000 individuals per year. If the elevated risk found in the
epidemiological studies is proven accurate, then the incidence would increase to 1.5 cases per 20,000 patients
per year. In comparison to the benefits of pioglitazone, that risk may not be terribly dangerous. The third
issue is that in the French study, a reduction in risk for head, neck, and breast cancers and a trend toward
reduced risk for other cancers. Patients don't care what type of cancer they get. If there is an absence of
increased risk for overall cancer or cancer mortality, the increased risk for bladder cancer may not matter that
much. There may be an increased risk for some cancers and a decreased risk for others. It might be random.
Basically, I don't think this is a big issue.

Q: What about the effect of pioglitazone on bone loss and osteoporosis?

A: I think this is a bigger issue. I believe there is a great opportunity for the earlier diagnosis and earlier
management of type 2 diabetes. Pioglitazone has one of the best data sets available for prevention of beta cell
failure or beta cell failure progression. However, the early use of pioglitazone is problematic for me. I usually
use pioglitazone in patients that are already using agents that increase insulin levels and are inadequately
controlled.

Q: Regarding SGLT-2 inhibitors, what study design would you like to see to discern whether
SGLT2 inhibitors do no cause hypoglycemia exacerbation in people with type 1 diabetes or
people with type 2 diabetes using insulin?

A: I do like the idea of using SGLT-2 inhibitors in people with type 1 diabetes. It almost certainly will work. I
like the idea that there is an autoregulatory component of SGLT-2 inhibition. You will get more glucose
excretion at higher glucose levels and less glucose excretion at lower glucose levels. What type of study would
be best would entail a much longer discussion.
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Q: What about cell therapy for type 2 diabetes?

A: Some companies are doing studies that are looking at cell-based therapies. I'm not wildly optimistic that
they are going to work. That is me being skeptical in general. But I do think someone will learn to take
advantage of cell therapy for type 1 and type 2 diabetes one day. I'm not sure we are there yet.

Q: What about the use of alpha-glucosidase inhibitors?

A: These just never worked out in the US. I've started hundreds of patients on these agents in my career. A few
patients have thought it was great. They get lower blood glucose and not as much constipation. In the type 1
diabetes setting, I sometimes give a small dose to my patients for nighttime use alongside a small snack to
avoid nocturnal hypoglycemia. But what I found over time is that very few patients continue on the drug. In
my practice, I discuss the benefits and potential harms of each drug. My patients are deciding that they are
not getting enough benefits given the drug's side effects. I know that it is popular in other parts of the world.
Regarding the ADA/EASD algorithm, we discussed including it the first, second, and third time. We decided
to not put it in as a core recommendation. That said, my belief is that it will lower blood glucose in anyone if it
is carefully titrated upward. If flatulence is not a major psychosocial issue for a patient, it could be good.

Q: If early treatment is desirable, is there a role for new drugs that are better than metformin
in the early treatment or prevention of diabetes?

A: I do think that prevention is a tremendous strategy and a real opportunity in overall diabetes care. Lifestyle
therapy applied early in the course of disease appears to have its advantages. Metformin doesn't appear to
work very well with really early prediabetes. Other agents may have greater benefit. I am still concerned about
the use of pioglitazone in the early stages of diabetes or prediabetes given the effects of the drug on bone loss.
Incretin-based therapies and SGLT-2 inhibitors could be compelling choices if we had data. The important
issue here is that someone needs to do a study. The earlier we want to treat, especially during prediabetes
when not everyone will progress to diabetes, the more clinical evidence we need that a therapy is safe and
effective.

Q: In the new ADA/EASD position statement, there great leniency on which second line
therapy to use. What is your drug of choice?

A: My default is a GLP-1 agonist. If I had diabetes, that is what I would take. It is a bit of an act of faith since
we don't have long-term data to guarantee its safety and efficacy. My sense of the data that we have available
today is that these drugs are safe and effective. Liraglutide and exenatide once weekly are unparalleled in
terms of glycemic efficacy. We wrote in the position statement that insulin had the highest efficacy, but you
can also make the argument that GLP-1 agonists are just as powerful as basal insulin in reducing A1c. This is
my personal bias. The maybe patients who would not prefer to use an injectable therapy as a second line
option. Other orals are all fair game. Sulfonylureas are dirt-cheap. They can fill the need for those who have
difficulty paying for more expensive therapies. DPP-4 inhibitors are ridiculously well tolerated. Many would
prefer this as their second line therapy.

Q: What about the risk for C-cell carcinoma with GLP-1 agonists?

A: I think people have largely bought into the notion that the regulation of C-cells in humans is different from
the regulation of C-cells in rodents. Medullary thyroid cancer occurs much more frequently in rodents than in
humans. I'm not terribly worried about thyroid cancer with these agents. There will be studies to address this
concern in the future. With regards to pancreatic cancer, the human data is remarkably bad. By that, I mean
that the studies have not been conducted in a way that should be reported in medical literature. Pancreatic
cancer risk will also be addressed with studies to come. I neither believe nor can I prove that GLP-1 agonists
don't cause cancer. However, the evidence that they do is essentially zero.

Q: What about Afrezza and the use of GLP-1 agonists to treat obesity in people with type 1
diabetes?

A: I know very little about Afrezza. The pulmonary insulin route is interesting. It has both issues and
possibilities. If it is approved, I would do my best to evaluate the drug. With regards to GLP-1 agonists in type
1 diabetes, there are many pieces of anecdotal evidence to support their use. In some individuals, blood
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glucose has stabilized and weight loss was achieved. Small studies have also suggested some benefit. My belief
is that if we are considering using a $4,000 a year therapy for an already $10,000 a year condition, we need to
conduct robust studies to clearly show benefit. We can spend an almost unlimited amount of money
managing type 1 diabetes. This is an expensive therapy and we only have anecdotal evidence so far.

Q: Is it worth it to start with combination therapy to preserve beta cells?

A: We don't have a lot of data. It's a wonderful theory. It is based on better living through chemistry. I have
had many hundreds of patient who were on 10-15 drugs for type 2 diabetes. I just wonder if 100 years from
now, we'll look back and say, "what did these people think they were doing?" We are basically creating a
chemical swamp in people with diabetes to compensate for bad lifestyle. It is compelling, but I worry about
the slippery slope of thinking that three therapies will be more effective than two therapies, etc. It doesn't turn
out that way most of the time. I understand the theory, but I am resistant to globally adopting it.

Q: What about the combination use of GLP-1 agonists and basal insulins?

A: I think this combination is great. I struggled to get Lilly and Amylin to apply for this indication for five
years. I think it is a remarkable combination. We will have new drug therapies, but my default pathway is
metformin, a GLP-1 agonist, then a basal insulin. The big question right now is whether long-acting GLP-1
agonists like liraglutide and exenatide once weekly will provide similar benefits when used alongside basal
insulin therapy as exenatide twice daily. I believe that there might be a special niche for the short acting GLP-1
agonists to be used alongside basal insulins. Will have to see.

Q: What are the relative safety and efficacy issues among GLP-1 receptor agonists?

A: Exenatide twice daily is the most powerful post-prandial agent we have. Liraglutide is the most powerful
A1c reducing agent we have. Bydureon is the best-tolerated GLP-1 agonist we have. The rest with cancer risk,
antibodies, pancreatitis risk, etc., there are some small potential differences, but the clinical significance is
what we just reviewed. Though there have been efforts to distinguish safety issues between the three, I do not
think there are compelling issues in that comparison.

Symposium: Incretin-Based Therapies (Supported by an Unrestricted Educational Grant from
Merck)

GLP-1 RECEPTOR AGONISTS - ARE THEY ALL THE SAME?

Filip Knop, MD, PhD (Gentofte Hospital, Hellerup, Denmark)

In front of a packed audience, Dr. Knop highlighted the similarities and differences between the GLP-1
agonists exenatide (Byetta), liraglutide (Victoza), exenatide once weekly (Bydureon), lixisenatide
(Lyxumia), and albiglutide (Syncria). After reviewing the structures and pharmacokinetic profiles of each
drug, Dr. Knop discussed results from several head-to-head studies that examined these agents, including
DURATION-1, -5, and -6, LEAD-6, and HARMONY 7. Overall, Dr. Knop emphasized that: 1) longer-acting
GLP-1 agonists (i.e., liraglutide, exenatide once weekly, albiglutide) tend to provide greater glycemic
efficacy and fewer GI side effects than shorter-acting GLP-1 agonists (exenatide BID and lixisenatide); 2)
exendin-based drugs (i.e., exenatide, exenatide once weekly, lixisenatide) are associated with a higher
incidence of antibody formation (the clinical relevance of which remains unclear, although some studies
have suggested minimal impacts on efficacy and safety); and 3) large GLP-1 agonists (i.e., albiglutide) have
a reduced effect on weight as well as lower associated rates of GI adverse events potentially resulting from
restricted movement across the blood-brain barrier. Thus, addressing the question posed by the title of his
talk, Dr. Knop concluded that all GLP-1 receptor agonists are not the same.

Questions and Answers

Q: Based on your understanding of differences between GLP-1 agonists, would you expect
there to be any differences with regards to more serious side effects?

A: That is a very hard question to answer, and I cannot back it up with any data, which is why I chose not to
include this discussion in my presentation. Theoretically, since GLP-1 may help preserve or proliferate beta
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cells, a continuous acting dose may have a higher associated risk for malignancy. Yet, the short-acting
agonists, because of their frequent exposure peaks, may have a higher associated risk for pancreatitis. Saying
that, this is all theoretical.

DPP-IV INHIBITORS - ARE THEY ALL THE SAME?

Adrian Vella, MD (Mayo Clinic, Rochester, MN)

To open this Merck-supported session, Dr. Adrian Vella reviewed DPP-4 inhibitors in terms of their
mechanism of action, effects (glucose- and non-glucose-related), and safety. He noted that most agents in
the class have 24-hour effect with >80% DPP-4 inhibition (except for vildagliptin, which has a half-life of
two-to-three hours), most have a large volume distribution and bind poorly to plasma protein (except for
linagliptin), and most do not have metabolic activity with cytochrome P450 (other than saxagliptin).
Compared to the field, vildagliptin and saxagliptin are somewhat less selective for DPP-4 inhibition relative
to DPP-8 and -9, and linagliptin is less selective relative to fibroblast activation protein (FAP) - these
differences have not yet been shown to have safety or efficacy effects, though Dr. Vella implied that the
possibility has not been ruled out. Notably, he disputed the clinical relevance of linagliptin's lack of renal
clearance (or, as he framed it, the fact that 85% of linagliptin is excreted in the feces): he thinks that DPP-4
inhibitors are rarely appropriate in patients whose renal dysfunction is severe enough to require dose
adjustment.

Questions and Answers

Q: One clinical difference is the lack of need to screen with creatinine to select a dose with
linagliptin. Is that of clinical import to you?

A: No. It is true that due to linagliptin's large volume distribution and the fact that 85% of the secretion is in
the feces, there is no need for checking renal function. But it is the rare patient with diabetes and significant
renal failure who would be on a DPP-4 inhibitor, at least in my practice. I will grant you that this is a
difference among members of the class in pharmacokinetics.

CARDIAC EFFECTS OF INCRETIN-BASED THERAPIES

Steven Marso, MD (University of Missouri Kansas City, Kansas City, MO)

Dr. Marso delivered an engaging lecture on the potential impact of incretin-based therapies on the
cardiovascular (CV) system. Reviewing a series of results from preclinical and clinical studies, Dr. Marso
highlighted the following observations as indications that incretin based therapies might have a beneficial
impact on the CV system: 1) small clinical studies have demonstrated a potential benefit of native GLP-1 on
endothelial function; 2) GLP-1 agonists have positive impacts on several established CV risk markers (LDL,
total cholesterol, triglycerides, weight); 3) both native GLP-1 and GLP-1 agonists minimize myocardial
ischemia/reperfusion injury and decrease infarct size in rodents and possibly in humans; and 5) meta-
analyses have demonstrated a reduced risk for MACE with GLP-1 agonists and DPP-4 inhibitors (Ratner et
al., Cardiovascular Diabetology 2011; Marso et al., Diabetes and Vascular Disease Research, 2011). Still, he
expressed concern that GLP-1 agonists have been documented to increase pulse rate in humans and
emphasized that it remains unclear whether these findings will translate into actual CV benefit. He
concluded by notating that a number of dedicated CV outcomes studies were currently underway for GLP-1
agonists and DPP-4 inhibitors that would help clarify the CV impacts of these drugs. As a reminder, these
CV outcomes studies include ELIXA (lixisenatide; expected completion in 2014); LEADER (liraglutide;
2016), EXSCEL (exenatide once weekly; 2017), ELIXA (lixisenatide; 2014), REWIND (dulaglutide; 2019),
TECOS (sitagliptin; 2014), SAVOR-TIMI 53 (saxagliptin; 2014), EXAMINE (alogliptin; 2015), and
CAROLINA (linagliptin; 2018).

Symposium: The Role of Pharmacology in Managing Prediabetes

LIFESTYLE CHANGES AND METFORMIN ARE NOT ADEQUATE

Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX)
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After making the case for why lifestyle alone is not sufficient to manage prediabetes (e.g., inevitable weight
regain, the impracticality of implementing intensive lifestyle interventions in the real world, the body's
metabolic adaptation to reduced caloric intake), Dr. DeFronzo discussed the role of pharmacotherapies in
managing prediabetes. In particular, he expressed enthusiasm for two classes of drugs - thiazolidinediones
(TZDs) and GLP-1 agonists - as potent drugs that could be used to manage prediabetes. While TZDs have
been proven to be effective in preventing the progression from prediabetes to diabetes in clinical trials,
GLP-1 agonists remain unproven in this domain. Nonetheless, when taking the totality of currently
available data for GLP-1 agonists into consideration, Dr. DeFronzo is quite convinced they'll be effective.
Highlighting that those in the highest tertile of IGT are already maximally insulin resistant and have lost
80% of their beta cell function, Dr. DeFronzo stressed that we must intervene with drugs earlier in
dysglycemia to stop the progressive loss of beta cells and beta-cell function.

▪ Dr. DeFronzo highlighted that pharmacotherapies, especially thiazolidinediones, have
been shown to be effective in preventing type 2 diabetes. In the IDPP and the DPP,
metformin treatment decreased progression to type 2 diabetes by 26% and 31%, respectively.
Meanwhile, thiazolidinediones were even more impressive, reducing progression to type 2 diabetes
by 55-75% in clinical trials (55% with troglitazone in TRIPOD, 60% with rosiglitazone in DREAM,
72% with pioglitazone in ACT NOW, and 75% with troglitazone in the DPP). Other agents, including
acarbose (36%; STOP-NIDDM), voglibose (40%), and orlistat (37%; XENDOS) have also been
shown to reduce progression to type 2 diabetes.

▪ He further emphasized the effectiveness of pioglitazone in diabetes prevention,
reviewing results from the ACT NOW trial. In the ACT NOW trial, pioglitazone treatment
reduced the progression from IGT to type 2 diabetes by 72% (DeFronzo et al., NEJM 2011). Only 18
patients with IGT would need to be treated for one year with pioglitazone to prevent one case of type
2 diabetes; for comparison, 35-40 patients would need to be treated with a statin to prevent one
myocardial infarction. Dr. DeFronzo noted that with all the recent emphasis on cardiovascular
disease, we've forgotten about microvascular complications - each day, diabetes causes 55 people go
blind and 120 to go on dialysis. He stated that given the fact that pioglitazone is soon going generic,
one could probably extrapolate significant cost-benefit or cost savings.

▪ Dr. DeFronzo noted that data suggest that GLP-1 agonists would be very effective in
preventing the progression from IGT to type 2 diabetes. He expressed excitement, because
in overt diabetes, GLP-1 agonists lower A1c, promote weight loss, address many of the
pathophysiological defects of diabetes, do not cause hypoglycemia, and have excellent safety
profiles. In a study investigating the effects of liraglutide on weight in obese patients without
diabetes, the vast majority of patients with prediabetes reverted back to normoglycemia; patients
experienced noticeable reductions in weight, A1c, and blood pressure as well (Astrup et al., IJO
2011).

Questions and Answers

Q: I'm interested in your patient population. You said that a lot of them are over 100 kg (220
lbs). I'm really interested in your standpoint on bariatric surgery for prevention versus
Victoza?

A: That goes a little bit beyond pharmacology. I think that there are several nice articles that came out back to
back in the NEJM, and we have long-term data from the SOS showing a decrease in mortality over 20 years. If
you are morbidly obese, whether you have diabetes or sleep apnea or some other disorder, bariatric surgery is
really the only thing that works on a long-term basis. I think it's a whole different situation for those with
BMIs of 32-33 kg/m who have not taken metformin or intensive lifestyle interventions. I don't want you to2

think that I disagree with Dr. Hamman. We have to try as best we can to intervene from a lifestyle standpoint.
I like metformin; I just think we can do a lot better than that. Bariatric surgery is something I would look at
much further down the line. What seems to be so effective about bariatric surgery and normalizing glucose
tolerance is the astronomical levels of GLP-1 that you get in these people, and the marked improvements in
beta cell function. It's similar to what I tried to show you with liraglutide. I believe you would see this effect
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not only with liraglutide, but also with Bydureon or exenatide. GLP-1 agonists are a unique group of drugs.
They should be considered not only in treatment but also in prevention.

Comment: I appreciated you saying that you don't disagree much with Dr. Hamman. I don't
disagree much with you. I was a strong supporter of trying troglitazone in the DPP. I think
there is a huge role for the right medicine for prevention. We may see the glass as half empty
or half full right now, but regardless, we need to take cost effectiveness and safety into
consideration. The physiological standpoint is where we need to start, but we don't know
where that will take us 5-10 years later. There are some concerning side effect data, especially
for TZDs. GLP-1 may be the best way to go, but before we give it to a 20 year-old with a BMI of
30 kg/m , who would take the medication for 30-40 years, we would want to know what it will2

do in the long term. Absolutely, we're going to have to take some risk, but we should try to
characterize the cost-effectiveness and safety as much as we can.

Q: You avoided mentioning DPP-4 inhibitors - was that intentional?

A: I avoided mentioning them because we don't really have any data with them in terms of prevention of IGT.
We have very nice studies with liraglutide. We have done a head-to-head study with exenatide and sitagliptin,
and I'm sorry to say for DPP-4 lovers that exenatide just destroyed sitagliptin in anything you would want to
look at. In my practice, I actually only use GLP-1 analogs because they have much more powerful effects on
the beta cell. Probably the most important effect of DPP-4 is to inhibit glucagon, not to augment insulin
secretion. But, I wouldn't be opposed if someone wanted to conduct an intervention trial and get some serious
data. I do believe that the earlier we start, when there is still significant beta-cell function, the more likely they
will be effective.

Joint ADA/The Lancet Symposium

EXENATIDE TWICE A DAY VERSUS GLIMEPIRIDE FOR PREVENTION OF GLYCAEMIC
DETERIORATION IN PATIENTS WITH TYPE 2 DIABETES WITH METFORMIN FAILURE
(EUREXA) - AN OPEN-LABEL, RANDOMISED CONTROLLED TRIAL

Guntram Schernthaner, MD (Rudolfstifstung Hospital, Vienna, Austria)

Dr. Schernthaner presented efficacy data on EUREXA - "the longest GLP-1 study in the literature at the
moment" - a three-year comparison of exenatide 10 mcg BID to glimepiride (titrated to a mean of 2 mg/
day) in type 2 diabetes patients on background metformin therapy (Gallwitze et al., Lancet 2012 in press).
At baseline, the study population (n=1,029) had a very low mean A1c (~7.4%), short diabetes duration (~5.5
years), and high BMI (~31 kg/m ). Exenatide was superior to glimepiride in the primary efficacy endpoint,2

time to treatment failure as defined by A1c (median 180 weeks for exenatide and 142 weeks for glimepiride).
The favorable result for exenatide was certainly encouraging, though we think a median failure timeline of
less than three years highlights the need more effective, durable, and easy-to-use therapies - still, SFUs can
fail in less than a year as we understand it. Compared to glimepiride, exenatide caused more favorable
change in body weight (3.9 kg decrease vs. 1.5 kg increase [-8.6 vs. +3.3 lbs]), higher prevalence of GI side
effects (47% vs. 24%), and rarer hypoglycemia (1.5 vs. 5.3 episodes per year). Several questioners sought
more granular data (e.g., on liver function and heart rate), but Dr. Schernthaner said we would all have to
wait until his group's presentation at EASD 2012 - which will also include results from a substudy of re-
randomization to triple therapy (exenatide+metformin+TZD or exenatide+metformin+glimepiride).

▪ Mean baseline A1c was low at 7.42%-7.45% (inclusion criteria allowed baseline A1c between
6.5% and 9.0%), mean BMI was roughly 31 kg/m , and mean fasting plasma glucose was 8.6-8.92

mmol/l (155-160 mg/dl) - a fairly low value that Dr. Schernthaner said may have been due to
preservation of beta-cell function. Mean age was ~56 years old, mean diabetes duration was 5.5-5.6
years, and mean metformin dose was over 1.9 g/day. The population was mostly male (50-55%) and
predominantly Caucasian (>90%) or Hispanic (7%).

▪ Rates of discontinuation were higher in the exenatide group (though the difference,
due largely to GI side effects, was statistically significant only in the first six months of
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the study), and treatment failure was more common in the sulfonylurea group. The
EUREXA investigators randomized 515 patients to exenatide and 514 to sulfonylurea. Of the intent
to treat population (490 and 487), 174 and 128 patients discontinued, respectively, and 203 and 262
failed treatment, respectively. Thus at study end 138 patients remained in the exenatide group,
compared to 124 in the sulfonylurea group.

▪ Exenatide was both non-inferior and superior to glimepiride in the study's primary
endpoint, time to treatment failure (median 180 vs. 142 weeks; p=0.032 by log-rank
test). Along similar lines, rate of treatment failure at three years was lower with exenatide (41% vs.
54%; HR 0.748, p=0.002). (Treatment failure was defined as when a patient on the maximally
tolerated dose of drug had either a) two consecutive A1c measurements >7.0% taken by at least three
months apart or b) a single A1c measurement >9.0%.) Exenatide and glimepiride conferred similarly
rapid glycemic improvements down to an A1c nadir of roughly 6.7% during the first few months of
the study; Dr. Schernthaner noted that this was an earlier glucose normalization than seen in many
previous exenatide studies. HOMA-B was not significantly different between groups at any of the
three years, but HOMA-IR and disposition index were significantly better for exenatide at the end of
each year in the study.

▪ Baseline A1c had a highly statistically significant relationship with time to treatment
failure - i.e., faster at higher baseline A1c (p <0.001). Failure was rarest among those with
A1c ≤7.3%, in whom rates were similar regardless of treatment (which Dr. Schernthaner said made
sense, since these patients presumably tended to have sufficient beta-cell function). However,
exenatide performed better than glimepiride in people with A1c >7.3% and ≤8.2%, and in those with
A1c above 8.2%.

▪ Adverse event findings were in line with previous studies; Dr. Schernthaner noted
that exenatide was not associated with any added risk of pancreatitis (one in each
group), nor did any participants get pancreatic cancer. Gastrointestinal side effects were
much more prevalent with exenatide (47% vs. 24%), and adverse injection site reactions were more
common as well. However, the incidence of hypoglycemia was lower compared to sulfonylurea,
across the range of hypoglycemia definitions studied: any events (36% vs. 67%), nocturnal (10% vs.
16%), glucose confirmed below <3.9 mmol/l (< 70 mg/dl) (20% vs. 47%), etc. Hypoglycemic events
were less frequent with exenatide (1.5 vs. 5.3 episodes per year), and the time to first hypoglycemic
event was longer.

▪ Dr. Schernthaner closed by discussing the study's limitations, including the low
baseline A1c and the relatively low rates of glimepiride, despite titration to the
maximum protocol-recommended dose. However, during Q&A Dr. Schernthaner noted that
higher glimepiride doses might not have been much more effective; he referenced his own double-
blind comparison of glimepiride and gliclazide (in which 3 - 6 mg doses did not seem more effective
than 2 mg) and Dr. Alan Garber's LEAD-3 trial (in which the efficacy of high-dose glimepiride was
roughly in line with that seen in EUREXA). Another study limitation was the ethnic homogeneity of
the enrolled population, most of whom came from Europe (with some also from Mexico and Israel).
During Q&A Dr. Schernthaner tentatively forecasted that results would have been positive in East
Asian patients as well, based on previous successful studies of GLP-1 receptor agonists in these
patients.

Questions and Answers

Q: It looked from the graph like the earliest failure was at one year in either group. Usually
treatment failure occurs sooner - did you look for treatment failure at three or six months?

A: There were very few failures this early. Probably this was because A1c was very low at the start, so you don't
see treatment failure at the beginning. The result could be totally different if starting with higher baseline.

Q: Did you monitor liver enzymes? With weight difference of more than 5 kg, perhaps Byetta
has a direct effect on liver disease?
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A: The data were accepted for presentation at EASD, so I cannot present them. But I can talk to you
personally.

Q: The BMI was fairly high in your group. I just wonder if you tested this in a lower BMI or
lower body-weight cohort that looks more like an Asian population. Do you suspect that
exenatide would also be better then sulfonylurea in such a lower-BMI population?

A: I just returned from lecturing in Asian countries; I saw that the highest there was about 28 kg/m . But2

there is much more visceral and liver fat in Asia. But GLP-1 receptor agonists are at least as effective in Asian
vs. Western populations, so I wouldn't expect to see a difference.

Q: 53% of the group failed glimepiride. How did you define maximum-tolerated dose in this
study, in which obviously glimepiride was not the study drug.

A: I did a double-blind study of gliclazide vs. glimepiride that we cited in this paper; 3, 4, 5, and even 6 mg
were not better than 2 mg. Alan Garber used up to 8 mg in LEAD-3, and the A1c-lowering was in line.
Probably higher doses are not as beneficial as previously thought.

Q: Did you see geographic variation in how glimepiride was prescribed and up-titrated?

A: The highest risk of hypoglycemia was seen at the 1-2 mg doses. This confirms previous research in which
the most events were seen at lower doses -probably because there is more beta-cell function remaining in
these patients.

Q: Do you have the information about effect on heart rate?

A: Yes, or course. We will present this data at EASD in Berlin; since the manuscript is already accepted I
cannot bring this data today.

Corporate Symposium: Long-Acting GLP-1 Receptor Agonist Thearpy: Improving Efficacy ,
Adherence, and Weight in T2DM (Sponsored by Amylin)

A HOLISTIC VIEW OF TYPE 2 DIABETES PATHOPHYSIOLOGY AND MANAGEMENT

Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX)

Dr. DeFronzo reviewed the basic physiology and epidemiology of diabetes to set the stage for discussing
GLP-1 agonist therapy. Driving home the impact of diabetes in the US, he noted that every 24 hours there
are 4,000 new cases of diabetes, 810 deaths from diabetes, 230 amputations, 120 kidney failures, and 55
blinded from the disease. He expressed particular sympathy for individuals with diabetes suffering from the
microvascular complications of the disease due to the lifelong debilitation with which they are afflicted. A
theme of Dr. DeFronzo's talks is that the treatment of diseases should be based on their pathophysiology,
and that a multifactorial disease like diabetes will require a combination of therapies to address its various
etiological facets. On this note, he reminded us of his "ominous octet" of dysfunction in diabetes (he first
introduced this term at his Banting lecture during ADA 2008): decreased insulin secretion, increased
glucagon secretion, increased hepatic glucose production, neurotransmitter dysfunction, decreased glucose
uptake, increased glucose reabsorption, increased lipolysis, and of course, decreased insulin effect. He
emphasized that GLP-1 agonists address aspects of the ominous octet uniquely from any other class - in
addition to reducing A1c, they preserve beta-cell function, promote weight loss, and do not cause
hypoglycemia. He said that, in his opinion, the most dramatic study carried out in people with type 2
diabetes was one in which liraglutide (7.5 ug/kg) drastically increased the rate of insulin secretion in a
glycemic-dependent manner almost to the extent where they were indistinguishable from normal controls
(Chang et al. Diabetes 2003).

LONG-ACTING GLP-1 RECEPTOR AGONIST CLINICAL TRIAL DATA

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

Dr. Buse reviewed some of the landmark trials involving GLP-1 agonists to support their clinical utility. The
currently approved GLP-1 medications are exenatide (Amylin's Byetta), exenatide once weekly (Amylin/
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Alkermes' Bydureon), and liraglutide (Novo Nordisk's Victoza). He began with a recap of the DURATION-1
trial, which compared exenatide once weekly versus the twice-daily formulation. The once-weekly
formulation reduced A1c significantly more than the twice-daily formulation; switching all patients to the
once-weekly formulation halfway through the study allowed both groups to achieve a ~2.0% A1c reduction
after 52 weeks of treatment (we did not get the baseline A1c). Nonetheless, he noted that exenatide twice-
daily is the most powerful postprandial glucose lowering drug available today. He also emphasized that
liraglutide is the most powerful GLP-1 receptor agonist, based on the surprising DURATION-6 study result
that showed a 0.2% greater A1c reduction in liraglutide compared to exenatide once-weekly. Importantly,
he emphasized that longer-acting formulations are associated with less nausea than the shorter-acting
exenatide; in addition, they are also associated with less hypoglycemia. In summary, Dr. Buse concluded
that GLP-1 agonists are unparalleled in their A1c-lowering abilities, that they improve a variety of
endpoints relevant to diabetes, and that the safety profile includes some risks but for most patients is safe
and appropriate. Profiling the individual drugs, he said that exenatide showed the best postprandial
control, that exenatide once weekly is the best tolerated, and that liraglutide has the best glycemic efficacy
and weight loss.

▪ Dr. Buse elaborated on the safety issues associated with GLP-1 agonists. Although he
said that pancreatitis isn't a huge worry, he always tells his patients to stop their therapy if they
experience vomiting or other worrying symptoms like back pain. Another potential concern with
GLP-1 agonists is their use with renal impairment. There is not enough clinical experience in
patients with stage 4/5 kidney disease, since nausea/vomiting can exacerbate an already unstable
hemodynamic clinical picture. He briefly overviewed the C-cell tumor black box warning for the
GLP-1 agonist class, noting that the human relevance to animal trials could not be determined with
clinical or nonclinical studies, and that the only real consequence was that this class is
contraindicated in patients with multiple endocrine neoplasia 2 (a genetic condition predisposing
patients to thyroid cancer) or personal family history of medullary thyroid cancer. Moving on to
cardiovascular risk, Dr. Buse noted that DURATION-2 showed roughly similar risk factor changes
(HDL, LDL, systolic blood pressure, C-reactive protein) with exenatide, sitagliptin and pioglitazone
treatment. The exceptions were that exenatide showed superior systolic blood pressure
improvement compared to sitagliptin and superior HDL improvement compared to pioglitazone.

EXTRAGLYCEMIC EFFECTS AND CLINICAL APPLICATIONS OF LONG-ACTING GLP-1
RECEPTOR AGONISTS

David D'Alessio, MD (University of Cincinnati, Cincinnati, OH)

Dr. D'Alessio discussed the physiology of GLP-1 in the body and how the basic science correlates to the
clinical effects of GLP-1 agonists. Overall, the most clinically notable central nervous system effects of GLP-1
agonists are decreased food intake and nausea. Dr. D'Alessio broke this down by the effects of GLP-1 in
individual areas of the brain. Subsequently, he explained that despite the fact that proteins and peptides
don't cross the blood-brain barrier, there are areas in which the blood-brain barrier is leaky called
circumventricular organs, which typically function to detect toxins and allow for peptide sensing of the
bloodstream. These are the areas in which GLP-1 agonists can exert their greatest effect. He described how
changes in food intake are partially due to a decrease in gastric emptying that promotes satiety and lower
peak blood glucose. In addition, Dr. D'Alessio also described the direct impacts of GLP-1 agonists on the
cardiovascular system, and the potential for GLP-1 agonists as weight-loss drugs. He highlighted that
liraglutide 3.0 mg has demonstrated a ~9 kg (~20 lb) weight loss after 20 weeks. In closing, he advocated
for greater use of GLP-1 agonists and commented that novel applications may expand the clinical utility of
this class.

▪ Dr. D'Alessio broke this down by the effects of GLP-1 in individual areas of the brain. If
GLP-1 is injected into the brainstem and paraventricular nucleus of the hypothalamus, a consistent
decrease in food intake is always observed. A moderate aversive response is observed when GLP-1 is
injected into the central amygdala, an area associated with fear and stress. Administration to the
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arcuate nucleus decreases hepatic glucose production. An autonomic and cognitive stress response
is seen with injection into any of these areas.

▪ Subsequently, he described the direct impacts of GLP-1 agonists on the cardiovascular
system. The GLP-1 receptor is expressed in vascular endothelial cells, arterial muscles,
myocardium and the endocardium. GLP-1 knockout mice show increased septal and posterolateral
wall thickness but a decreased cardiac size with an impaired response to stress hormones. It seems
that GLP-1 serves to increase insulin sensitivity in the heart, while improving myocardial relaxation
and protecting from ischemia. After a myocardial infarction, GLP-1 has been shown to increase left
ventricular ejection fraction (a measure of cardiac performance) and to cause beneficial
vasodilation, reducing the cardiac burden that can exacerbate future CV events.

PANEL DISCUSSION

Ralph DeFronzo, MD (University of Texas, San Antonio, TX); John Buse, MD, PhD (University
of North Carolina, Chapel Hill, NC); David D'Alessio, MD (University of Cincinnati, Cincinnati,
OH)

Q: Does it make sense to use exenatide BID three times a day, with each meal?

Dr. Buse: It hasn't been studied that way, but one well-known clinician (who has type 1 diabetes himself) does
prescribe exenatide that way.

Q: How are patients doing on exenatide once weekly? Are there problems with the injections?

Dr. Buse: We've been experimenting with this for years and we don't really have any problems, but people in
other centers say that they do have problems with the injection kits. I think the important thing is education
to make sure that your patients know how to use the kit.

Q: Do you recommend a combo of GLP-1 agonists and DPP-4 inhibitors?

Dr. Buse: There is a rationale for this, but the cost is too great to support this regimen currently. There are
other hormones that are broken down by DPP-4, and those may be involved.

Q: What do we know about preservation of beta-cell function on a long-term basis with GLP-1
agonists?

Dr. DeFronzo: With exenatide the effects are maintained past three years. But shortly after discontinuing
therapy, the protection was lost.

Q: What is the evidence for DPP-4 and beta-cell dysfunction?

Dr. DeFronzo: It's relatively weak. With sitagliptin we couldn't show an improvement in beta-cell function. If
you go through the literature you can find varying effects. The strongest effect was seen with vildagliptin. But
with GLP-1 analogs you always see a powerful effect.

Q: How do you explain bladder cancer to your patients on pioglitazone?

Dr. DeFronzo: I tell them it's not solidly shown what the relationship is between pioglitazone and bladder
cancer. If you look at the incidence of people off pioglitazone the incidence was 7/10,000; on any dose of
pioglitazone it was 8/10,000. That's pretty minimal. When you compare that to a 2-3% decrease in
myocardial infarction, it's not even comparable in terms of risk-benefit. And for many cancers there's actually
a decrease.

Q: Do you have a follow-up of your triple therapy study?

Dr. DeFronzo: Yes I do. We submitted that study as a late-breaker at ADA. And let me say that it just
destroyed the ADA algorithm. Better weight loss, better hypoglycemia, better everything. But mysteriously it
wasn't accepted as a late-breaker at ADA this year. I found that rather strange considering the late-breakers I
saw, but apparently they didn't think that it was worth showing.

Q: Is the vasodilation effect of GLP-1 agonists receptor mediated?
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Dr. D'Alessio: It seems to be specific to acetylcholine-mediated vasodilation as opposed to nitric oxide-
mediated vasodilation.

Q: Is the insulin-GLP-1 combo cost effective?

Dr. D'Alessio: We don't have enough data yet to say either way.

Q: What's happened to the CV studies?

Dr. D'Alessio: The last one I showed you was from 2004, so why haven't they done a big clinical trial? I've
wondered that. I think there are going to be some studies. GLP-1 agonists have been studies in clinical trials
with heart failure. It is a curiosity why this hasn't been studied more.

Q: What's the mechanism of GLP-1-associated nausea, and is it related to gastric emptying?

Dr. D'Alessio: We're not sure how it happens in humans. We can inject it into an area of mouse brains to make
them sick, but we still can't extrapolate an exact mechanism from those studies.

Q: Is liraglutide on the road to a once-weekly formulation?

Dr. Buse: They're developing a modified version of liraglutide that's longer acting, but it's going to be a
different compound so I don't think it's actually fair to call it liraglutide any more.

Corporate Symposium: Role of GLP-1 and DPP-4 in Type 2 Diabetes (Sponsored by Novo
Nordisk)

ROLE OF GLP-1 AND DPP-4 IN TYPE 2 DIABETES (SPONSORED BY NOVO NORDISK)

Richard Pratley, MD (Florida Hospital Diabetes Institute, Orlando, FL)

Dr. Pratley's promotional presentation focused on the mechanism of action of GLP-1 analogs, and the
advantages of Victoza (liraglutide) over sitagliptin (Merck's Januvia). After reviewing the method of action
of the GLP-1 hormone and DPP-4 enzyme, he explained that the incretin effect is seriously diminished in
people with type 2 diabetes. Dr. Pratley then reviewed Victoza's structure, effects on various glycemic
metrics, safety data, and performance in a head to head trial with sitagliptin. He noted that from average
baseline A1c levels of 8.4, participants in the trial on the 1.2 mg and 1.8 mg doses of Victoza showed larger
declines in A1c than taking sitagliptin (A1c declines were -1.2%, -1.5%, and -0.9%, for the Victoza 1.2 mg,
Victoza 1.8 mg, and sitagliptin groups, respectively) . He also emphasized Victoza's positive effects on
fasting plasma glucose and weight loss compared to sitagliptin. For more details on this study, see our April
10, 2012 Closer Look at http://bit.ly/KU36Az. Audience questions mainly focused on choosing among
therapies, reducing nausea and injection site reactions, and the underlying mechanism in the observed
weight loss and nausea.

Amylin Investor Reception

Daniel Bradbury (CEO) and Christian Weyer, MD (Senior Vice President, R&D)

Amylin CEO Daniel Bradbury led the company's investor presentation, which focused heavily on its
exenatide franchise. Reviewing data presented at ADA 2012, management emphasized Bydureon's robust
and durable effects on glycemic control, associated weight loss, low risk for hypoglycemia, improved
tolerability, and convenience. In the DURATION-1 study, participants receiving Bydureon treatment for
four years maintained strong glycemic control (average A1c of 6.9%) and exhibited improvements in beta
cell function markers and weight (1156-P). A 26-week study found significantly greater improvements in
A1c and weight with Bydureon vs. Levemir as well as low rates of associated hypoglycemia (40-LB).
Furthermore, in the DURATION program, participants treated with Bydureon exhibited similar reductions
in A1c and weight regardless of baseline weight (1152-P). Turning to Byetta, management highlighted the
results of the EUREXA study, which demonstrated a greater durability of glycemic effect with Byetta vs.
glimepiride at the end of three years (CT-SY22). Finally, regarding Symlin, data was reviewed from an in
silico study that suggested a Symlin to insulin ratio of 9 mcg to 1 U in a coformulation would maintain 90%
of the study's virtual patients within optimal glycemic control without hypoglycemia (1057-P).
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Subsequently, management provided several updates regarding the company's development pipeline. Most
notably, management revealed that Amylin was pursuing a line extension regulatory approach for their
exenatide once weekly suspension formulation, building upon already available data for Byetta and
Bydureon - a similar strategy was used in the development of Bydureon. The first phase 3 trial for the new
formulation (named DURATION-NEO-1) is expected to initiate in 3Q12 (previously mid-2012), and the trial
will be similarly designed as DURATION-5 (head-to-head vs. Byetta). During the Q&A session, management
reaffirmed that the submission timeline for Bydureon's dual chamber pen had been delayed until early 2013
because of requests from the FDA for additional test data and longer stability data for the device. Amylin
confirmed with the agency, however, that it could file an sNDA for the pen, allowing for a four-month
review. Separately, management indicated that the first clinical study to test various co-formulations of
pramlintide and insulin would commence in 3Q12. Particular excitement was expressed for the use of this
coformulation in an artificial pancreas device.

PANEL DISCUSSION

Moderator: David Maggs, MD, MRCP (Vice President for R&D Strategic Relations, Amylin, San
Diego, CA); Virginia Valentine, CNS, CDE (University of New Mexico, Albuquerque, NM); Anne
Peters, MD (Keck School of Medicine, Los Angeles, CA); Carol Wysham, MD (University of
Washington, Seattle, WA)

Dr. Maggs: Have you seen patients with lipodystrophy? What do you think about the potential
of metreleptin?

Dr. Wysham: Traditionally, we have thought of lipodystrophy as a very rare condition, something we only
read about in textbooks. Only when the metreleptin studies and the NIH reports came out to give some
guidance on partial forms of lipodystrophy did I find out that it occurs much more commonly. On several
occasions, I've taken the advice of my colleagues to ask my patients to show me their calves or give me a view
of what their arms look like, and recognized that I have those patients in my practice. Although metreleptin
will come out as an agent for what we think is a rare disease, I suspect we have a significant number of
patients with partial lipodystrophy for which this agent will be very helpful.

Dr. Maggs We're excited about the pramlintide/insulin coformulation at Amylin. What are
your thoughts about the coformulation?

Dr. Peters: Everybody who is on insulin, particularly people with type 1 diabetes, should be on the
coformulation product once it's available. I can't wait, could you hurry up?

Dr. Maggs: What would this mean for your patients on insulin pumps?

Ms. Valentine: It'd be huge to have physiological replacement of both hormones. The limiting factor for
patients on pumps or using injections is the hassle factor. So, having a pump automatically deliver both
insulin and pramlintide would make it more usable, and way more utilized than it is now.

Dr. Peters: And maybe better than insulin alone in many ways.

Dr. Maggs: Could you reflect on the type 2 diabetes epidemic and what type 2 diabetes
currently looks like in your clinic?

Dr. Wysham: I have been in this field for 30 years now. I'm currently working in a county hospital taking care
of many people with diabetes. I'm very astounded by how little we had to offer patients thirty years ago. The
advance we have made in glucose testing and treatment have had a dramatic impact on patients. I keep
wondering to myself how my patients got so old, and I'm thrilled that they are doing well. My biggest concern
is with my younger patients. Some of these patients come in and have several risk factors for type 2 diabetes.
They develop diabetes in their 30s. They are in their reproductive age. These are patients we hope enjoy a
normal life expectancy. But if they are not well controlled, they will exhibit disease characteristics in their 40s
that are typically present in 60-year olds. We need agents that not only help our patients achieve good
glycemic control, but also alter their long term risk for progression to complications.
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Dr. Maggs: Regarding the new ADA/EASD position statement, Anne, you were one of the key
authors. Can you describe what this position statement means? What do you mean by patient-
centered approaches to diabetes care?

Dr. Peters: That concept didn't come up until later in the committee's discussions. If patients don't use the
their therapies, they are not going to work. There are a lot of drugs that we give our patients that they don't
take. It is import to consider the patient when making treatment recommendations. What is the patient going
to want to do? How do we guide them to individualized targets? From ACCORD, we learned that the one size
fits all approach might not be that good. There should be individualized targets and individualized treatment
protocols. I may use drugs in different orders and in different places given different patient factors. The
algorithm was meant to capture that. Some people wanted a more prescriptive algorithm. As an organization,
the ADA wants to give more options for the patient and the provider. It wants what is best for the patient.

Dr. Maggs: What has your early experience been like with Bydureon? What do your patients
think of it?

Ms. Valentine: It has gone extremely well. In my experience, people have been very positive about it. They are
taking it, and they are loving not having to take multiple injections. Having had diabetes for 32 years myself, I
of course immediately went on it too. I'm amazed how you really don't have to think about it, that it's only
once a week. Patients are expressing the same feeling. It was easier to start than I thought it would be. The
injection is amazingly easy, and what I've discovered is that after learning how to use Bydureon, it takes
minimal effort afterwards. With the other GLP-1 agonists, the work up front is lower, but then it keeps going
up because of titration and side effects. It's just been amazingly smooth, people are liking it, and I've been
very impressed with the persistence. People are sticking with it. That's been wonderful.

Dr. Wysham: I agree with everything Virginia said. I participated in an earlier trial before the current device
was available, and back then, it was a little bit more burdensome, so I was somewhat concerned. I have an
older population so you'd think it'd be more challenging, but Bydureon has been well accepted by my patients.
I gave myself a dry injection with the needle, and was not uncomfortable at all. I expected it to be worse, and
that's what most physicians are concerned with - the difference in the size of the needle. But it's not an
uncomfortable injection. Persistence is an important issue - when we look at persistence with some of the
previously available GLP-1 agonists, levels are less than 50%. Insulin wasn't much better than that. It is very
important to measure and beware of what the persistence data is for Bydureon.

Dr. Peters: I agree entirely. I'm a cynic. I actually thought that I wouldn't like Bydureon because I thought my
patients would hate the whole fiddling thing with dosing as well as the huge needle. Not only did my patients
like it, I'm sold as well. The product really just sold itself. My patients have had great experiences. They hate
insulin. It has this taboo around it. But this is so different from insulin. They only have to take it once a week.
For some patients that I wasn't able to control on insulin, they've been willing to try it and they are getting
amazing results. Yes, we all do the same thing. We all try shots. It is bigger and thicker, but it doesn't hurt. I
have been pleasantly surprised about my experience with Bydureon.

Dr. Maggs: We no have three products in the GLP-1 space. Is there such a thing as short-acting
and long-acting GLP-1 agonists?

Dr. Peters: Absolutely. I have some patients on Byetta who tried Bydureon and wanted to switch back. They
like Byetta more. They feel that Bydureon is more stealth. They get more of an immediate post-prandial effect
with Byetta. Bydureon provides a slower effect. I think that there is a role for both. If you combine Byetta with
a long acting insulin, you get a great response. We need more studies, however, to look at all the possible
GLP-1 agonist/basal insulin combinations. We don't know yet what combination will work best. I like that
there is more than one available. We'll just have to see how it plays out clinically.

Ms. Valentine: I've had one patient who went back from Bydureon to Byetta. How come? My patient said,
"Byetta speaks to me, whereas Bydureon whispers."
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Dr. Maggs: The GLP-1 agonist class as a whole seems pretty potent, and now we're seeing that
it's durable, with three-year data for Byetta, and four-year data for Bydureon. Any thoughts on
this?

Dr. Wysham: If you asked us all what we want, it's to start a patient on a therapy and not have to worry about
them for as long as possible. Durability is really key. Primary care is going to have a lot of difficulty trying to
keep up with new medicines, titration, et cetera. Having something that you can just start patients on and
have a durable effect is very important. One interesting observation from my own practice is that in the
original Byetta clinical trials, the patients who were only on metformin are still only on metformin and Byetta.
We had to stop prescribing metformin to a few patients with renal insufficiency, but they are doing just fine
on Byetta, and they've been taking it for about eight years now. That's something we just don't see. I think it
really points to the fact that these agents are extraordinarily effective early on in disease, and may very well
change the natural history of the disease. If managed care insists on trying one or two additional agents before
using GLP-1 agonists, we might lose the durability effect.

Ms. Valentine: What I hear from primary care doctors is that they don't have to do any titration. In the
diabetes club, we want to see our patients every three months or so. But for primary care doctors, however,
they like that they don't have to see their patients every three months in order to help them with titrations.

Dr. Maggs: I want to ask a little bit more about the comparison to basal insulin therapy. We've
seen some nice data going out to three years comparing Bydureon to Lantus. What do these
results mean to you as you make clinical decisions in your practice?

Dr. Peters: I prefer not to use insulin in people with type 2 diabetes. They seem to do less well on insulin than
anything else. If I don't have to go to insulin, I prefer GLP-1 agonists because, similar to Carol's experience,
I've found that initiating these therapies early leads to sustained benefit. I've been in clinical practice for 30
years, and after three months of treatment, it's really those on insulin who have a lot of issues. Clinical trials
are the best-case scenarios for inulin. I think GLP-1 agonists can have a huge role in delaying insulin therapy
or to be used in combination with insulin therapy. When I think about the pathophysiology of diabetes, GLP-1
therapy seems to make a lot of sense, whether or not it is used in combination with insulin.

Dr. Wysham: And we do it. Patients are able to get control with insulin with endocrinologists, but that just
doesn't happen in the primary care arena, and that's who's taking care of most of diabetes.

Ms. Valentine: Everybody in my practice with type 2 diabetes is going to be on an incretin of some sort or
other until proven otherwise. The benefits so outweigh any issues. My patients really don't like to go on
insulin because of weight gain and fear of hypoglycemia.

Dr. Maggs: There is now quite some literature looking at the wider cardiometabolic effects of
GLP-1 receptor agonism. What are your thoughts on the cardiovascular effects of GLP-1
agonists?

Dr. Wysham: I find myself thinking back to my discussions with primary care academic colleagues, who in
1992 said there was no proof that good glycemic control changed microvascular or macrovascular outcomes. I
felt like there was so much data we accumulated between animal data and what we understood about the
effects of good control that it was just inconceivable to me that primary care docs didn't get it. We're in the
same situation with GLP-1 agonists and cardiovascular effects. The animal studies, the meta-analyses, the
markers that we have of oxidative stress - that's overwhelming evidence to me that it really looks like this is
going to be a changer in terms of cardiovascular disease. But, we really need the outcomes studies to prove
that, and to push that towards our payers to say that this is why these drugs need to be preferred over less
expensive medications that solely lower glucose and don't have an impact on cardiovascular risk factors.

Dr. Maggs: Any last comments?

Dr. Peters: I think our ability to take care of patients has really improved and will get better over time. I think
GLP-1 agonists will help, and I am really looking forward to seeing data on how this class impacts outcomes.

Questions and Answers
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Q: There has been a lot of controversy around Byetta since you launched Bydureon. Byetta
sales have remained relatively flat. I'd like to know from your market research, is the universe
of prescribing physicians expanding? Are prescriptions expanding? How do these factors
explain the dynamics of Bydureon vs. Byetta prescriptions?

Vincent Mihalik (Senior Vice President, Sales and Marketing, Chief Commercial Officer): As you can expect,
there has been some erosion for Byetta from patient switches. Our data lags by about two months, but we are
seeing some erosion from Victoza and from Bydureon. Yet, we are seeing nice growth of Byetta on top of
insulin. The Byetta market share is very dynamic right now. Looking at patient data, about 50% of Bydureon
prescriptions are from patient switches. The other 50% are naïve to GLP-1. In terms of prescribers, if you look
at total prescriptions, there is continual growth in the prescriber base. It is up from the first year of Byetta's
launch. It is even up from Victoza due to Bydureon's launch. We are seeing very good productivity from
Bydureon compared to Victoza with endocrinologists.

Q: How much impact do you think the pen will have beyond the current formulation and
dosing process? I went to your booth and saw a demo on how to inject yourself, and it seemed
pretty simple to me.

Ms. Valentine: I think for the diabetes club it won't make any difference because we've just jumped right in. I
think that for primary care, it might make a difference for some people.

Dr. Wysham: The perception of any injectable therapy - insulin, pens, et cetera - is way worse in the primary
care office than in reality. So, anything that decreases the complexity in their minds is going to improve the
likelihood of prescription. I think the pen is really important. Again, for those of us who feel really
comfortable with the current formulation, I've had literally no problems when presenting Bydureon to
patients. They're very excited. We unfortunately cannot take care of all patients with diabetes, so we really
have to address the concerns of primary care.

Dr. Peters: The lack of titration is key no matter how it is given. One of the real barriers for primary care
physicians is that they can sometimes have difficulty communicating to patients what to do with their
medications. This needs to be a point of stress. I tell providers who are hesitant to start prescribing Bydureon
that once you teach a patient how to use it for the first time, you will know how to dose the drug. The guide is
very easy to use, and I find it fun to teach patients how to use the drug. The pen may make it more easily
accessible, but the fact that it requires no titration, is administered once weekly, and is not associated with
hypoglycemia will make it a pretty well accepted therapy.

Mr. Mihalik: I would just like to build on Anne's point. One thing that I keep hearing from primary care
physicians and endocrinologists is that they like the increased tolerability. They keep telling us that they are
getting no call backs from patients, and that they are not used to that with GLP-1 agonists. This is not just
with the medication, but the kit too. It's the increased tolerability that is really helping acceptance. That bodes
very well for the primary care community. They want a simple drug that does not require blood glucose
monitoring or titrations. Providers appear to like the simplicity that Bydureon offers.

Q: Can you compare how teaching patients to use Bydureon versus insulin (e.g., starting a
Lantus regimen) are in terms of time and ease in physicians' practices?

Ms. Valentine: With Bydureon, all the work is up front, and then there is nothing after that. Teaching a patient
how to inject insulin is maybe a few minutes shorter. But then there is teaching them what their dose is,
teaching them about hypoglycemia, teaching them how to check blood sugar, and teaching them how to
titrate. You've got to teach them to titrate, or they have to call you about their blood sugars, or come in to the
practice and have you titrate insulin for them. And then you have to deal with side effects - hypoglycemia and
weight gain. With Bydureon, it's very simple to teach, and they've done an extraordinary job of designing a
very simple system that is well supported.

Dr. Wysham: Probably the most important part of insulin titration is that even though we teach patients and
give ideas on how to do it, it's not uncommon for half of the patients not to titrate insulin at home by
themselves, because they don't feel comfortable doing so.
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Ms. Valentine: I'd say in my practice it's more than half.

Dr. Wysham: When this happens, the efficacy of medications is reduced because patients are not able to take
the steps necessary to make the medicine work. Whereas, with Bydureon, we tell our patients that we'll step
them through their next injection if they have problems, but we haven't had any patients come back to us for
help.

Ms. Valentine: They never call, they never write.

Dr. Wysham: They never take us up on that even though we offer. We're happy to go through the next
injection. I have a patient who is 80 years old - one of my original Byetta patients, who just needed a bit more
A1c reduction. We taught him one time in five minutes, and he felt like he could do it after that. It's not
difficult, and it doesn't affect our workflow whatsoever.

Q: Can you give us more granularity about what the FDA is requiring that led to the delay for
Bydureon's pen?

Mr. Bradbury: We announced last week that we now plan to submit the pen in 2013 and that we expect an
approval in 2013. Regarding the application itself, we received clarity from the FDA that we would be able to
submit an sNDA, allowing for a four-month review. The FDA asked for additional testing and stability data for
the device. The stability data they asked for was a little bit longer than what we already had in place. These
activities are already ongoing and will allow us to submit in 2013 with an expected approval in 2013.

SGLT-2 Inhibitors

Oral Sessions: SGLT-Inhibitors

STATE OF THE ART LECTURE - INTERPRETING ADVERSE SIGNALS IN DRUG
DEVELOPMENT PROGRAMS (OR-07)

Clifford Bailey, PhD (Aston University, Birmingham, UK)

Dr. Bailey highlighted the difficulties of interpreting adverse signals in drug development programs, using
safety issues associated with newer diabetes drugs - cardiovascular risk (thiazolidinediones), pancreatitis
(DPP-4 inhibitors), thyroid c-cell cancer (GLP-1 agonists), bladder cancer (thiazolidinediones; SGLT-2
inhibitors), and breast cancer (SGLT-2 inhibitors) - as springboards for discussion. He emphasized that it is
incredibly challenging to determine what constitutes a real signal, given the low incidence (less than one
case per 1,000 patient years) of most of the aforementioned adverse events, the differences in interpretation
of risk at different time points, and the uncertainties in the translatability of risks identified in animal
models to humans. Notably, Dr. Bailey did not seem particularly concerned about the potential cancer risk
with dapagliflozin treatment.

▪ Dr. Bailey emphasized that it is incredibly difficult to determine when an imbalance in
the incidence of an adverse event constitutes a real signal. Using rosiglitazone as an
example, Dr. Bailey displayed the results of its clinical trials, asking the audience to identify when
they were able to identify an imbalance in cardiovascular events. He noted that in real life, even
when 30 trials had reported results, no one shouted out saying that they saw a signal; it wasn't until
2007 when Dr. Nissen and Dr. Wolski identified increased cardiovascular risk with rosiglitazone in
the NEJM meta-analysis. Dr. Bailey noted that interestingly, in an updated meta-analysis in 2010, it
was shown that when only data from shorter trials (less than one year in duration) was considered,
rosiglitazone was associated with a higher event rate, but when only data from longer trials (more
than one year in duration) was analyzed, rosiglitazone actually did not increase cardiovascular risk.
As such, Dr. Bailey commented that in short-term trials, the pathophysiology of patients prior to
entering the trial is probably one of the key factors influencing the outcomes. Using Steno-2 as an
example of how the timing of risk assessment can dramatically affect interpretation, Dr. Bailey
noted that if one had only followed out Steno-2 until the four-year time point, one might have
concluded that intensive therapy increased CV risk, whereas it showed benefit 10-15 years down the
road.
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▪ With the 2008 cardiovascular risk assessment guidelines for diabetes drugs in effect,
numerous companies are now conducting large outcomes trials. Dr. Bailey noted that
even though some companies had ruled out an acceptable level of cardiovascular risk in their phase
2 and phase 3 programs (i.e., the upper bound of the 95% CI was less than 1.3), they nonetheless
decided to conduct large outcomes trials. He stated that with the improvements in medical care
(e.g., fewer CV events), one has to factor in a longer amount of time to accrue enough events to
characterize a drug's cardiovascular profile. Dr. Bailey noted that companies are adopting different
strategies in their CV outcomes trial designs, highlighting the differences in the duration and size of
the studies.

Trial Agent Start Years N

TECOS Sitagliptin 2008 >3 years ~14,000

EXAMINE Alogliptin 2009 ~4 years ~5,400

CANVAS Canagliflozin 2009 ~4 years ~4,500

LEADER Liraglutide 2010 ~5 years ~9,000

EXSCEL Bydureon 2010 >5 years ~9,500

SAVOR-TIMI
53

Saxagliptin 2010 ~5 years ~16,500

CAROLINA Linagliptin 2010 ~8 years ~6,000

REWIND Dulaglutide 2011 >6 years ~9,600

▪ Dr. Bailey noted that it remains difficult to interpret whether GLP-1 agonists increase
the risk of thyroid c-cell tumors. While c-cell hyperplasia and neoplasia were observed in
rodent studies, there was only one case of medullary thyroid carcinoma in the LEAD clinical
development program for liraglutide. Given that GLP-1 receptors are prominent in thyroid c-cells in
rats, but are not nearly as prominent in human thyroid c-cells (Knudsen et al., Endocrinology 2010),
it remains difficult to predict to what degree the results can be translated from animal studies to
humans. Dr. Bailey noted that there are only about 600 cases of thyroid c-cell cancer in the entire
US every year, so it would be nearly impossible to design a clinical trial to spot this potential risk. He
explained that the FDA is particularly cautious on this risk, as the agency saw that the levels of
calcitonin (the best biomarker available for this risk) were raised marginally with liraglutide
treatment (Parks and Rosebraugh, NEJM 2010).

▪ He downplayed concerns about the risks of cancer with pioglitazone treatment and
dapagliflozin. He noted there was very little difference between pioglitazone versus comparator in
the Kaiser Permanente Northern California database - a difference of 0.13 cases per 1,000 person
years. Dr. Bailey emphasized that faint signals such as this would take a long time to identify.
Although there was an imbalance of bladder cancer in the development program for dapagliflozin,
Dr. Bailey did not seem particularly concerned about the risk, for several reasons: 1) for the most
part, patients were randomized in a 2:1 fashion (and even 3:1 in early trials) to drug treatment, so
the observed 9:1 imbalance should actually be thought of as a 4.5:1 imbalance; and 2) most patients
who developed bladder cancer while on treatment had signs of hematuria at or before the time of
diagnosis, suggesting the presence of preexisting tumors. In addition, Dr. Bailey noted that the
imbalance in breast cancer incidence in the dapagliflozin development program could likely be
explained by detection bias.

▪ Dr. Bailey pointed out a number of shortcomings of pharmacovigilance in detecting
faint signals of risk: 1) pharmacovigilance does not accurately characterize risk (since it captures
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a numerator without a denominator); 2) there is relative over-reporting of signals for new agents
(but usually under-reporting otherwise); 3) it is biased by media coverage, ease of recognition, and
familiarity; 4) diagnosis, causation, and severity of adverse events are often unconfirmed; 5) data
from individuals are pooled and analyzed as groups, and then applied back to individuals; and 6)
pharmacovigilance only focuses on relative, not absolute risk.

CANAGLIFLOZIN LOWERS POSTPRANDIAL GLUCOSE AND INSULIN BY DELAYING
INTESTINAL GLUCOSE ABSOSE ABSORPTION IN ADDITION TO INCREASING URINARY
GLUCOSE EXCRETION (79-OR)

Robert Henry, MD (University of California San Diego School of Medicine, San Diego, CA)

Canagliflozin has a much stronger affinity for SLGT-2 than for SGLT-1 and its inhibition of SGLT-2
increases urine glucose excretion (UGE). Previous data showed that high doses of canagliflozin reduced
postprandial glucose and insulin levels more than could be explained by UGE alone, prompting the
hypothesis that following drug delivery, canagliflozin transiently inhibits intestinal SGLT-1 and reduces
glucose absorption. Dr. Henry presented data from a two-period crossover trial in which healthy male
participants received either canagliflozin 30 mg or placebo before a mixed meal tolerance test (MMTT) with
oral C glucose. Participants received H-glucose IV infusion three hours before MMTT initiation and314

during the six-hour post-MMTT observation period. In the first two hours following MMTT initiation,
canagliflozin decreased plasma levels of insulin by 43%, endogenous glucose by 35%, and the oral C14

glucose tracer (no reduction given) while having little effect on plasma levels of the IV H-glucose tracer.3

The simultaneous increase in UGE was not large enough to explain the reduction in postprandial glucose,
suggesting that canagliflozin decreases plasma glucose levels through inhibition of both SGLT-1 and
SGLT-2. Dr. Henry ended by noting that canagliflozin does not cause glucose malabsorption seen with
certain SGLT-1 mutations because the drug is rapidly absorbed and likely inhibits SGLT-1 only transiently.

▪ Canagliflozin is a potent and selective SGLT inhibitor with a much stronger affinity for
SGLT-2 (IC of 4 nM) than for SGLT-1 (IC of 663 nM).5050 SGLT-2 is the main transporter
for renal glucose. Inhibition of the transporter by canagliflozin increases urinary glucose excretion,
reduces plasma glucose, and reduces A1c levels in people with type 2 diabetes. There is no
meaningful systemic SGLT-1 inhibition predicted by plasma canagliflozin concentrations; however
during drug absorption, canagliflozin levels in the gut lumen may be sufficiently high to inhibit
SGLT-1.

▪ Previous data showed that at doses above 200 mg, canagliflozin reduced postprandial
glucose and insulin levels more than could be explained by urine glucose excretion
alone. This finding prompted the study on whether higher doses of canagliflozin transiently inhibit
intestinal SLGT-1 during drug absorption.

▪ The two-period crossover trial assigned 20 healthy men to a single oral dose of
canagliflozin 30 mg or placebo with the primary endpoint defined as the rate of
appearance in plasma of orally ingested glucose (RaO). The study cohort had a mean age of
26.4 years, body weight of 78.1 kg (172 lbs), and BMI of 23.9 kg/m . Participants received either2

canagliflozin or placebo 20 minutes before a mixed meal tolerance test (MMTT) with oral C14

glucose in 75 g glucose solution, solid food, and 960 mg acetaminophen solution. Participants
received H-glucose IV infusion for three hours before MMTT initiation and during the six-hour3

post-MMTT observation period.

▪ During the first two hours following MMTT initiation, canagliflozin 30 mg decreased
plasma levels of insulin by 43%, endogenous glucose by 35%, and the oral C glucose14

tracer (no reduction given), while having little effect on plasma levels of the IV H-3

glucose tracer. However, canagliflozin provided no meaningful effect on glucose absorption over
the total six-hour observation period since the reduction in orally ingested glucose during the first
two hours was balanced by an increase in absorption over the last four hours.
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▪ While mean urine glucose excretion increased with canagliflozin (18 g) compared to
placebo (0.1 g), this effect was not large enough to explain the decrease in
postprandial plasma glucose observed in the first two hours. During this period, the
11-gram reduction in oral glucose absorption was nearly two-fold greater than the six grams of
glucose lost to renal excretion.

CANAGLIFLOZIN, A SODIUM GLUCOSE CO-TRANSPORTER 2 INHIBITOR, IMPROVES
GLYCEMIC CONTROL AND LOWERS BODY WEIGHT IN SUBJCETS WTH TYPE 2 DIABETES
INADEQUATELY CONTROLLED WITH DIET AND EXERCISE (81-OR)

Kaj Stenlof, MD, PhD (Sahlgrenska University Hospital, Gothenburg, Sweden)

This 26-week trial evaluated the efficacy and safety of the SGLT-2 inhibitor canagliflozin (CANA) as
monotherapy in patients with type 2 diabetes inadequately controlled with diet and exercise. Patients were
randomized to receive placebo (n=192), canagliflozin 100 mg (n=195), or canagliflozin 300 mg (n=197); at
baseline, patients in the three arms had respective baseline A1cs of 8.0%, 8.1%, and 8.0%. At the 26-week
time point, patients in the placebo, canagliflozin 100 mg 300 mg arms experienced average A1c changes of
+0.14%, -0.77%, and -1.03%, respectively. In addition, canagliflozin treatment resulted in significant
improvements in fasting plasma glucose, two-hour postprandial glucose, body weight, systolic blood
pressure, and HDL. The drug was generally safe and well tolerated; however, treatment was associated
with higher rates of genital mycotic infections and urinary tract infections, as well as adverse events related
to osmotic diuresis and intravascular volume.

▪ In this 26-week trial, patients were randomized to receive placebo (n=192), canagliflozin
100 mg (n=195), or canagliflozin 300 mg (n=197). The study enrolled participants between the
ages of 18 and 80 with type 2 diabetes who either: 1) had an A1c between 7.0% and 10.0% at
screening without the use of glucose-lowering therapies; or 2) had an A1c between 6.5% and 9.5%
and were on oral antidiabetic monotherapy at screening, and A1c between 7.0% and 10.0% and
fasting plasma glucose ≤270 mg/dl after an eight-week washout period.

Placebo
(n=192)

CANA 100 mg
(n=195)

CANA 300 mg
(n=197)

A1c (%) 8.0 8.1 8.0

Fasting Plasma
Glucose (mg/dl)

167.6 173.0 173.0

Weight (kg [lbs]) 87.6 (193) 85.8 (189) 86.9 (192)

BMI (kg/m )2 31.8 31.3 31.7

Duration of
Diabetes (years)

4.2 4.5 4.3

Systolic Blood
Pressure (mm
Hg)

127.7 126.7 128.5

HDL (mg/dl) 43.9 46.1 45.2

▪ Canagliflozin 100 mg and canagliflozin 300 mg resulted in significant reductions in
A1c, fasting plasma glucose, and two-hour postprandial glucose beyond placebo after
26 weeks of treatment. At the 26-week time point, patients in the placebo, canagliflozin 100 mg,
and canagliflozin 300 mg arms experienced average A1c changes of +0.14%, -0.77%, and -1.03%,
respectively.
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Placebo
(n=192)

CANA 100 mg
(n=195)

CANA 300 mg
(n=197)

Change in A1c
(%)

+0.14 -0.77 -1.03

Proportion of
Patients
Reaching A1c
<7.0% (%)

20.6 44.5 62.4

Proportion of
Patients
Reaching A1c
<6.5% (%)

5.3 17.8 28.4

Change in
Fasting Plasma
Glucose (mg/dl)

+8.3 -27.2 -35.0

Change in Two-
Hour
Postprandial
Glucose (mg/dl)

+5.2 -42.9 -58.8

▪ In addition, canagliflozin 100 mg and canagliflozin 300 mg significantly improved
body weight, systolic blood pressure, and HDL versus placebo.

Placebo
(n=192)

CANA 100 mg
(n=195)

CANA 300 mg
(n=197)

Change in
Weight (kg [lbs])

-0.5 (-1.1) -2.5 (-5.5) -3.4 (-7.5)

Change in
Systolic Blood
Pressure (mm
Hg)

0.4 -3.3 -5.0

Change in HDL
(%)

4.4 11.2 10.5

Questions and Answers

Q: You indicated that HDL increased with canagliflozin treatment. You might have said this,
but what was the average HDL at the beginning?

A: It was quite low in this population.

Q: Your study population ranged from 20 to 80 year-olds. Was age associated with changes in
HDL?

A: I think there's really no specific age range that experienced greater changes in HDL - the variation was
quite large in this population.
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Q: Were the urinary tract infections and genital mycotic infections spontaneous, or actively
solicited?

A: These were spontaneously reported; most of the urinary tract infections and genital mycotic infections
were treated by the patients themselves or by the investigators.

Q: There were changes in serum creatinine - small changes are clinically significant. What
accounted for those changes in creatinine?

A: The changes were quite small, as you pointed out. I'm not sure if they're clinically significant. It's probably
related to osmotic diuresis and intravascular volume.

Q: Were there any differences in GI side effects?

A: We didn't observe any.

Q: Were weight loss and glucose lowering correlated?

A: As I remember, there was significant correlation between reductions in weight and glucose.

TOFOGLIFLOZIN, A NOVEL AND SELECTIVE SGLT-2 INHIBITOR IMPROVES CONTROL AND
LOWERS BODY WEIGHT IN PATIENTS WITH TYPE 2 DIABETES MELLITUS
INADEQUATELY CONTROLLED ON STABLE METFORMIN OR DIET AND EXERCISE ALONE
(80-OR)

Takashi Kadowaki, MD, PhD (University of Tokyo, Tokyo, Japan)

Dr. Kadowaki presented the results of a phase 2 dose-ranging study of Chugai Pharmaceutical's
tofogliflozin in patients with type 2 diabetes as monotherapy or as an add-on to metformin. In the 12-week
study, 398 participants were randomized to receive placebo, or 2.5 mg, 5 mg, 10 mg, 20 mg, or 40 mg
tofogliflozin. At baseline, participants in all treatment arms had average baseline A1c of 7.9%-8.0%, and
weight between 82 kg (180 lbs) and 86 kg (189 lbs). A1c was significantly reduced with tofogliflozin
compared to placebo in all but the 2.5 mg treatment group (p <0.0001, except for the 5 mg treatment arm [p
<0.001]). There was a clear dose-dependent effect, with 40 mg tofogliflozin bringing about the greatest A1c
reduction (0.83% from baseline, versus 0.27% with placebo). Tofogliflozin also brought about significantly
greater weight loss than placebo, also in a dose-dependent manner (40 mg tofogliflozin led to a 2.8 kg [6.2
lb] loss from baseline, versus 0.7 kg [1.5 lbs] with placebo). Tofogliflozin was generally well tolerated, and
adverse event rates were not significantly different from placebo. Phase 3 trials of tofogliflozin are in
progress.

At 12 weeks, there was a dose-dependent reduction of A1c across treatment arms. A1c reduction
with tofogliflozin treatment was significant compared to placebo at all doses except for 2.5 mg (p 0<.0001,
except for the 5 mg dose [p <0.001]). The greatest A1c reduction occurred in the 40 mg tofogliflozin group,
highlighting the dose dependent relationship.

Treatment Baseline A1c Reduction in A1c Placebo-Subtracted
A1c Reduction

Placebo 7.87% 0.27% -

2.5 mg 7.94% 0.44% 0.17%

5 mg 8.01% 0.62% 0.35%

10 mg 8.00% 0.69% 0.43%

20 mg 7.92% 0.77% 0.50%

40 mg 7.93% 0.83% 0.56%
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▪ Tofogliflozin treatment also brought about significantly greater weight loss than
placebo in a dose-dependent manner. Most notably, participants on 40 mg tofogliflozin lost
2.8 kg (6.2 lbs) by 12 weeks compared to baseline. Dr. Kadowaki proposed that the increased urinary
glucose excretion (UGE) from SGLT-2 inhibition could lead to body weight reduction through two
mechanisms: 1) increased UGE translates to calorie loss; and 2) increased UGE may be shifting
energy metabolism from glucose to lipids.

Treatment Baseline Weight (kg
[lbs])

Weight Loss (kg
[lbs])

p-value

Placebo 84 (185) 0.7 (1.5) -

2.5 mg 85.5 (188) 1.6 (3.5) p <0.05

5 mg 82.1 (181) 1.9 (4.2) p <0.001

10 mg 83.4 (184) 2.2 (4.8) p <0.001

20 mg 84.9 (187) 2.6 (5.7) p <0.001

40 mg 81.6 (180) 2.8 (6.2) p <0.001

▪ Tofogliflozin was well tolerated with no notable differences in adverse events between
groups. Genitourinary tract infections were the most common adverse event, but Dr. Kadowaki
stated that there was no significant difference between placebo and tofogliflozin treatment arms; no
patient terminated the study due to genitourinary tract infection. Hypoglycemic events likewise did
not discriminate between treatment arms and was low across all groups - only the placebo, 2.5 mg
and 10 mg tofogliflozin arms had any patients with a hypoglycemic event.

▪ Dr. Kadowaki proposed a comprehensive mechanism of action for SGLT-2 inhibitors
to affect multiple systems in the body by increasing urinary glucose excretion (UGE).
Increased UGE could decrease both fasting and postprandial blood glucose, which could potentially
confer renal protection. UGE could also shift energy metabolism from glucose to lipids. The shift
away from glucose could decrease insulin demand and protect beta cells, while the shift to lipids
would increase lipolysis and beta-oxidation, leading to improved insulin resistance and weight loss
(which could also result from calorie loss due to UGE). Finally, increased UGE could cause osmotic
diuresis, leading to decreased blood pressure (data from this study was inconclusive as to the effect
of tofogliflozin on blood pressure).

RENAL GLUCOSE KINETICS IN RESPONSE TO DAPAGLIFLOZIN (83-OR)

Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, TX)

Dr. DeFronzo presented results from a study examining the effects of dapagliflozin (DAPA) on renal glucose
kinetics in people with type 2 diabetes. Twelve people with type 2 diabetes (A1c 6.5%; BMI 30 kg/m ) were2

compared to 12 matched controls with normal glucose tolerance (NGT) (A1c 5.5%; BMI 27 kg/m ). The2

study used a model to determine maximum tubular transport for glucose (TmG), renal threshold (the area
under the curve between the theoretical glucose titration curve and what is observed) based off of
pancreatic stepped hyperglycemic clamp (SHC) data. SHC values were taken at baseline and after seven
days of treatment with dapagliflozin (10 mg/day). TmG and splay were increased in individuals with type 2
diabetes compared to NGT controls, whereas renal threshold was similar between groups. All parameters
decreased following dapagliflozin treatment across both groups, but renal threshold had the most notable
decrease. He pointed to the latter as the primary factor, not TmG, for decreasing fasting plasma glucose in
patients with type 2 diabetes.

▪ Dr. DeFronzo reviewed the kidney's role in glucose regulation. SGLT-2 inhibitors have the
potential to moderate reabsorption in the proximal kidney by affecting renal glucose kinetics. (Dr.

www.closeconcerns.com 135



DeFronzo noted that while he thinks SGLT-2 inhibitors will soon become a therapeutic intervention,
we are lagging behind in the US.) He reminded us of three important kidney parameters: 1) TmG -
the maximal absorptive capacity of the tubules; 2) renal threshold - the level at which plasma
glucose first appears in the urine; and 3) splay - the area under the curve between the theoretical
glucose titration curve and what is observed.

▪ Renal glucose kinetics were assessed by stepped hyperglycemic clamp (SHC) at
baseline and after seven days of dapagliflozin (10 mg/day). Medications that the
participants were previously on were continued from baseline, but none were administered on the
morning of the SHC. SHC followed an overnight fast with insulin treatment as necessary to reduce
fasting plasma glucose to 100 mg/dl in people with type 2 diabetes. Twelve people with type 2
diabetes (A1c 6.5%, BMI 29.8 kg/m , 108 mg/dl FPG, 53 years of age) were compared to 12 matched2

controls with NGT (A1c 5.5%, BMI 27 kg/m , 85 mg/dl FPG, 41 years of age). The study used a2

model to translate data obtained from the SHC to individual values for TmG, renal glucose
threshold, and splay. While Dr. DeFronzo did note the limitation of using a model, he estimated that
it could predict values for renal threshold to within 5-10 mg/dl accuracy.

▪ In patients with type 2 diabetes, TmG and splay increased compared to NGT controls,
whereas threshold for glucosuria is similar between both groups. All parameters
decreased after dapagliflozin treatment. TmG was 420 mg/min for patients with diabetes
versus 317 mg/min for NGT controls. However, the absolute drop in TmG was greater for patients
with diabetes after dapagliflozin than for NGT controls. Splay was decreased in both groups by about
30-35% after dapagliflozin treatment. The threshold for glucose excretion changed from 196 mg/dl
to 21 mg/dl in people with type 2 diabetes after dapagliflozin treatment and from 182 mg/dl to 37
mg/dl in NGT controls.

▪ Dr. DeFronzo pointed to the marked reduction in threshold for glucosuria as the
primary factor responsible for decreasing fasting plasma glucose concentration. He
explained that while the reduction in TmG following the dapagliflozin treatment in this study could
partly explain improvement in postprandial glucose levels in people with type 2 diabetes, it could
not explain the decrease in fasting plasma glucose concentration.

Questions and Answers

Q: In view of this finding, do you have concern about the safety of this drug if people stop
eating or drinking? Could they have more osmotic diuresis or dehydration?

A: There are potential complications that I'm sure will end up as warning on the box. People with dysentery,
nausea, or diarrhea who can't eat should be warned to stop the medication. The number of reports is really
quite small. There is a quick on-and-off effect. Stopping the drug should mitigate against that potential side
effects.

Q: Are people going to the bathroom all night?

A: Nocturia is very common with this drug. But after the first 24-48 hours, you don't see it. The kidney has an
incredible ability to reabsorb sodium. You don't get excessive losses of salt and water and don't experience
significant nocturia.

EFFICACY INCREASES WITH INCREASING BASELINE HBA1C CATEGORY WITH
DAPAGLIFLOZIN THERAPY (82-OR)

Elise Hardy (AstraZeneca, Wilmington, Delaware)

Ms. Hardy presented pooled data from five studies on BMS/AZ's dapagliflozin in people with type 2
diabetes. Dapagliflozin promotes urine glucose excretion (UGE) and leads to mild osmotic diuresis. While its
mechanism is independent of insulin activity, dapagliflozin's ability to promote urine glucose loss depends
on the filtered load of glucose, which is determined by plasma glucose levels and the glomerular filtration
rate. Thus it is expected that blood sugar concentration, as measured by baseline A1c level, will influence
dapagliflozin's effect on weight, blood pressure, and glycemic control. Pooled data from the five clinical

www.closeconcerns.com 136



trials showed that higher baseline A1c was associated with greater improvements in A1c, blood pressure,
and UGE/creatinine ratio caused by dapagliflozin 10 mg. Surprisingly, there was no relationship between
drug-induced weight loss and baseline A1c.

▪ Dapagliflozin promotes urine glucose excretion and leads to mild osmotic diuresis
and the loss of approximately 300 calories a day. The drug's effects are independent of
insulin secretion and activity, suggesting that dapagliflozin will be effective in the absence of beta
cell function. However, urine glucose excretion depends on the filtered load of glucose, which is
determined by plasma glucose levels and the glomerular filtration rate. Thus it is expected that
blood sugar concentration, as measured by baseline A1c level, will influence dapagliflozin's effect on
weight, blood pressure, and glycemic control. To assess this impact, data was pooled from five phase
3 clinical trials in patients with type 2 diabetes: one monotherapy study, three trials investigating
dapagliflozin in combination with metformin, glimepiride, or pioglitazone and one study of
dapagliflozin as an add-on in insulin therapy.

▪ Dapagliflozin 10 mg increased urine glucose excretion (UGE)/creatinine ratios and
reduced A1c, weight, and blood pressure across all five studies. The one exception was the
study of dapagliflozin in combination with pioglitazone, in which dapagliflozin mitigated the
pioglitazone-induced weight gain, but did not results in an overall weight loss.

▪ Across the five clinical trials, higher baseline A1c was associated with greater
improvements in A1c, blood pressure, and UGE/creatinine ratio caused by
dapagliflozin 10 mg. There was no relationship between drug-induced weight loss and baseline
A1c (data summarized in table below). Ms. Hardy speculated that body mass may not be as sensitive
as A1c to small differences in glucose excretion that are due to differing baseline A1c levels.

Table 1: Effects of dapagliflozin by baseline A1c category - pooled data from five phase 3 clinical
trials in people with type 2 diabetes.

Parameter Baseline A1c Categories

A1c < 8% A1c 8% to
<9%

A1c ≥ 9%

Urine glucose excretion/creatinine
ratios

27.4 35.7 47.1

A1c (%) -0.58% -0.89% -1.50%

Weight (kg) [lb] -2.03 [-4.48] -2.12 [-4.67] -2.09 [-4.61]

Systolic blood pressure (mmHg) -3.98 -5.61 -6.61

Diastolic blood pressure (mmHg) -1.77 -2.91 -3.47

Posters

CANAGLIFLOZIN, A SODIUM GLUCOSE CO-TRANSPORTER 2 INHIBITOR, IMPROVES
GLYCEMIA AND IS WELL TOLERATED IN TYPE 2 DIABETES MELLITUS SUBJECTS WITH
MODERATE RENAL IMPAIRMENT (41-LB)

Jean-Francois Yale, George Bakris, Liwen Xi, Kate Figueroa, Ewa Ways, Keith Usiskin, Gary
Meininger

This double-blind, placebo-controlled, phase 3 study randomized 269 patients with type 2 diabetes and
moderate renal impairment (estimated glomerular filtration rate [eGFR] ≥30 and <50 ml/min/1.73 m ) to2

canagliflozin 100 mg or 300 mg daily, or placebo. At 26 weeks, canagliflozin 100 mg and 300 mg provided
significant, placebo-adjusted reductions in A1c (-0.30% and -0.40%, respectively), as well as improvements
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in weight, fasting plasma glucose, blood pressure, and lipid profiles. While the incidence of adverse event
were similar across all treatment groups, canagliflozin therapy led to higher rates of genital infections and
the 300 mg dose resulted in a higher incidence of urinary tract infections compared to the 100 mg dose and
placebo. Furthermore, canagliflozin provided modest changes in renal function parameters relative to
placebo.

▪ The 26-week, phase 3 study randomized 269 participants with type 2 diabetes and
moderate renal impairment (estimated glomerular filtration rate [eGFR] ≥30 and <50
ml/min/1.73 m ) to canagliflozin 100 mg (n=90), 300 mg (n=89), or placebo (n=90).2

The participants had, at baseline, mean age of 68.5 years, A1c of 8.0%, BMI of 33.0 kg/m2, and
eGFR 39.4 ml/min/1.73 m . Characteristics and treatment history were comparable across2

treatment arms (see table below).

Characteristic Placebo
(n=90)

Canagliflozin
100 mg (n=90)

Canagliflozin
300 mg (n=89)

Total
(n=269)

Sex (male%) 63.3 64.4 53.9 60.6

Mean age (years) 68.2 69.5 67.9 68.5

Race (% white) 86.7 78.9 74.2 79.9

Mean BMI (kg/m )2 33.1 32.4 33.4 33.0

Mean duration of

T2D (years)

16.4 15.6 17.0 16.3

Median ACR (ug/

mg)

31.3 23.7 30.1 30.0

▪ At 26 weeks, canagliflozin 100 mg and 300 mg provided placebo-adjusted
improvements in A1c (-0.30%, p <0.05; -0.40%, p <0.001, respectively), weight
(-1.60% and -1.80%, p value not given), and lipid profiles (more details in table below).
Notably, canagliflozin 300 mg produced a slight reduction in LDL-C levels whereas the other
treatment groups showed a similar increase. The proportion of participants to achieve A1c <7.0%
and A1c <6.5% was greater in the canagliflozin 100 mg group (27.3% and 8.0%, respectively) and
300 mg group (32.6% and 9.0%) compared to placebo (17.2% and 3.4%). Furthermore, fewer
participants received rescue therapy on canagliflozin 100 mg (4.4%) and 300 mg (3.4%) compared
to placebo (14.4%).

Change from
baseline at week 26

Placebo (n=90) Canagliflozin
100 mg (n=90)

Canagliflozin
300 mg (n=89)

A1c (%) -0.03 -0.33 -0.44

Fasting plasma glucose

(mg/dl)

0.5 -14.9 -11.7

Body weight (%) +0.3 -1.2 -1.5

Systolic BP (mmHG) -0.3 -6.1 -6.4

HDL-C (%) 1.5 4.0 3.0

LDL-C (%) 6.3 6.4 -1.0
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▪ While the overall incidence adverse events (AE) and study discontinuations due to
AEs were similar across the groups, canagliflozin led to higher rates of genital mycotic
infections compared to placebo. Furthermore, slighter higher rates of urinary tract infections
and AEs related to osmotic diuresis and intravascular volume were found with canagliflozin 300 mg
compared to canagliflozin 100 mg and placebo.

▪ Modest changes in renal function parameters were observed with both canagliflozin
doses compared with placebo. Specifically, estimated glomerular filtration rate was reduced
more with canagliflozin 100 mg (-8.3%) and 300 mg (-8.9%) compared with placebo (-3.8%).
Furthermore, canagliflozin 100 mg and 300 mg provided modest decreases in urine
albumin:creatinine ratio (median changes of 29.9%, -20.9%, respectively) relative to placebo
(-7.5%).

EFFICACY AND SAFETY OF CANAGLIFLOZIN, A SODIUM GLUCOSE CO-TRANSPORTER 2
INHIBITOR, COMPARED WITH GLIMEPIRIDE IN PATIENTS WITH TYPE 2 DIABETES ON
BACKGROUND METFORMIN (38-LB)

William Cefalu, Lawrence Leiter, Leo Niskanen, John Xie, Dawn Millington, William
Canovatchel, Gary Meininger

Dr. Cefalu presented the results of a 52-week phase 3 trial comparing canagliflozin 100 mg and 300 mg
with the sulfonylurea glimepiride in participants with type 2 diabetes inadequately controlled on
metformin. Both doses demonstrated non-inferiority to glimepiride in reducing A1c, with the 300 mg dose
showing superiority. Furthermore, canagliflozin 100 mg and 300 mg were associated with greater
improvements in weight and lower rates of hypoglycemia compared to glimepiride.

▪ In this double-blind, active-controlled phase 3 study, 1,450 patients with type 2
diabetes inadequately controlled on metformin monotherapy were randomized to
canagliflozin 100 mg (n=483) or 300 mg (n=485) daily, or glimepiride (n=482), all on
a background of metformin. Glimepiride was up-titrated from one mg to a maximum dose of
six to eight mg daily (average dose of 5.6 mg). Baseline characteristics were similar across the groups
- the study cohort was 52.1% male, 67.4% Caucasian, and had mean ages of 55.8 - 56.4 years, BMI of
30.9 - 31.2 kg/m , and A1c of 7.8%.2

▪ At 52 weeks, canagliflozin 100 mg and 300 mg provided noninferior reductions in A1c
(-0.82% and -0.93%, respectively) compared to glimepiride (-0.81%), with the
canagliflozin 300 mg dose showing superiority. The percentage of participants to achieve
A1c <7.0% and A1c <6.5% were comparable for canagliflozin 100 mg (53.6% and 25.5%,
respectively), 300 mg (60.1% and 30.6%), and glimepiride (55.8% and 30.7%). Greater reductions in
fasting plasma glucose were observed with canagliflozin 100 mg (-24.3 mg/dl) and 300 mg (-27.5
mg/dl) compared to glimepiride (-18.3 mg/dl). Furthermore, canagliflozin therapy provided
significant improvements in body weight (-4.2% for 100 mg dose and -4.7% for 300 mg; p <0.001
for both) compared to the weight increase experienced with glimepiride (+1.0%). More patients on
glimepiride required rescue therapy (given with pioglitazone; 10.6%) compared to those on
canagliflozin 100 mg (6.6%) and 300 mg (4.9%).

▪ The proportion of participants with documented hypoglycemia episodes was
dramatically lower with canagliflozin 100 mg and 300 mg (5.6% and 4.9%,
respectively; p <0.001 for both) relative to glimepiride (34.2%). However, canagliflozin
treatment had higher rates of genital mycotic infections (6.7% [males] and 11.3% [females] for 100
mg and 8.3% [males] and 13.9% [females] for 300 mg) compared to glimepiride (1.1% [males] and
2.3% [females]). Rates for urinary tract infections were also modestly elevated with canagliflozin
(6.4% for both doses) compared to glimepiride (6.7-13.9%), as well as rates of adverse events due to
osmotic diuresis.
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EFFICACY AND SAFETY OF CANAGLIFLOZIN, A SODIUM GLUCOSE CO-TRANSPORTER
TWO INHIBITOR, COMPARED WITH SITAGLIPTIN IN PATIENTS WITH TYPE 2 DIABETES
ON METFORMIN PLUS SULFONYLUREA (50-LB)

Jorge Gross, Guntram Schernthaner, Min Fu, Sharmila Patel, Masato Kawaguchi, William
Canovatchel, Gary Meininger

The 52-week, active-controlled, phase 3 study compared canagliflozin 300 mg to sitagliptin 100 mg
(Merck's Januvia) as an add-on therapy in patients with type 2 diabetes (n=755) inadequately controlled on
metformin and a sulfonylurea. At 52 weeks, canagliflozin provided noninferior, as well as superior,
reductions in A1c compared to sitagliptin (-1.03% and -0.66%, respectively) from a baseline A1c of 8.1%. A
greater proportion of participants taking canagliflozin compared to sitagliptin achieved A1c <7.0% (47.6%
vs. 35.3%, respectively) and A1c <6.5% (22.5% vs. 18.9%). While incidences of adverse events, hypoglycemia,
and urinary tract infections were comparable between canagliflozin and sitagliptin, canagliflozin led to
higher rates of genital mycotic infections.

▪ Patients with type 2 diabetes (n=755) inadequately controlled on metformin and a
sulfonylurea were randomized to add once-daily canagliflozin 300 mg or sitagliptin
100 mg to their regimen for 52 weeks. Baseline characteristics were comparable across
treatment groups - patients were on average 56.7 years old, weighed 88.3 kg (195 lbs), and had a
BMI of 31.6 kg/m , A1c of 8.1%, and an average disease duration of 9.6 years. Of the 7552

participants, 22.5% in the sitagliptin group and 10.6% in the canagliflozin group did not complete
the study based on glycemic discontinuation criteria (there was no rescue therapy, per protocol).

▪ At 52 weeks, canagliflozin provided noninferior, as well as superior, reductions in A1c
compared to sitagliptin (-1.03% and -0.66%, respectively). A greater proportion of
participants taking canagliflozin compared to sitagliptin achieved A1c <7.0% (47.6% vs. 35.3%,
respectively) and A1c <6.5% (22.5% vs. 18.9%). Canagliflozin also provided greater improvements in
fasting plasma glucose, weight, blood pressure compared to sitagliptin (results summarized in table
below). However, canagliflozin showed a greater increase in LDL levels.

Change from baseline over 52
weeks

Canagliflozin 300
mg

Sitagliptin 100 mg

A1c (%) -1.03 -0.66

Fasting plasma glucose (mg/dl) -29.9 -5.9

Body weight (%) -2.5 0.3

Systolic blood pressure (mmHg) -5.1 0.9

Triglycerides (%) 9.6 11.9

HDL-C (%) 7.6 0.6

LDL-C (%) 11.7 5.2

▪ Incidences of adverse events, hypoglycemia, and urinary tract infections were
comparable between the canagliflozin and sitagliptin groups. However, canagliflozin led to
higher rates of genital mycotic infections in males (9.2% vs. 0.5% for sitagliptin) and females 15.3%
vs. 4.3%), as well as increased incidence of adverse events related to osmotic diuresis.

SAFETY AND EFFICACY OF EMPAGLIFLOZIN AS MONOTHERAPY OR ADD-ON TO
METFORMIN IN A 78-WEEK OPEN-LABEL EXTENSION STUDY IN PATIENTS WITH TYPE 2
DIABETES (49-LB)

Hans Woerle, Ele Ferrannini, Andreas Berk, Stefan Hantel, Sabine Pinnetti, Uli Broedl
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This phase 2 trial for empagliflozin was a 78-week extension study of two previous 12-week phase 2 studies.
At 90 weeks, empagliflozin (10 or 25 mg) was demonstrated to provide sustained reductions in blood
glucose levels and weight. As a monotherapy, empagliflozin was slightly less efficacious in lowering A1c,
slightly more efficacious in reducing fasting plasma glucose, and more efficacious at reducing weight than
metformin. As an add-on to metformin, empagliflozin was slightly more effective at reducing A1c and
fasting plasma glucose and significantly more effective at lowering weight than sitagliptin. Finally, with
regard to safety and tolerability, empagliflozin was generally well tolerated, with a minimal associated risk
for hypoglycemia, a comparable risk for UTIs as sitagliptin plus metformin, and an elevated risk for genital
tract infections in comparison to metformin alone and sitagliptin plus metformin. As a reminder,
empagliflozin's phase 3 development program is already well underway, with initial results expected later
this year (for more information, see our Lilly 4Q11 report at http://www.closeconcerns.com/
knowledgebase/r/f43fb99c).

▪ In this open-label extension study, participants in one of two 12-week phase 2 studies
who had received 10 or 25 mg of empagliflozin (monotherapy or add-on to
metformin), metformin monotherapy, or sitagliptin as an add-on to metformin were
continued on the same treatment for 78 additional weeks. Participants in the original two
trials who had received 1, 5, or 50 mg of empagliflozin or placebo were randomized to receive
empagliflozin 10 or 25 mg as monotherapy or as an add-on to metformin. In total, 106 individuals
were enrolled in the 10 mg empagliflozin monotherapy arm, 109 individuals in the 20 mg
empagliflozin monotherapy arm, 166 individuals in the 10 mg empagliflozin plus metformin arm,
109 individuals in the 20 mg empagliflozin plus metformin arm, 56 individuals in the metformin
only arm, and 56 individuals in the sitagliptin plus metformin arm.

▪ As a monotherapy, empagliflozin was slightly less efficacious in lowering A1c, slightly
more efficacious in reducing fasting plasma glucose, and more effective at reducing
weight than metformin. In participants continuing their treatment from the preceding trial, A1c
reductions achieved at week 90 in the 10 mg empagliflozin, 25 mg empagliflozin, and metformin
arms were 0.34%, 0.47%, and 0.56%, respectively (from baselines of 7.9%, 8.0%, and 8.2%, p-values
not provided for any data). These A1c reductions appeared to be durable throughout the study,
although an upward trend in A1c was observed in each group beginning around week 66. The fasting
plasma glucose reductions achieved in each group were 30.4 mg/dl, 27.8 mg/dl, and 26.0 mg/dl,
respectively (from baselines of 179.0 mg/dl, 178.1 mg/dl, and 175.5 mg/dl). These reductions were
largely achieved by week 30 and maintained through week 90. The weight loss in each respective
group was 2.24 kg (4.9 lbs), 2.61 kg (5.8 lbs), and 1.28 kg (2.8 lbs) from a baseline of approximately
84 kg (185 lbs). Again, maximal weight loss was achieved around week 12, although a slight upward
trend in weight was observed with 25 mg empagliflozin beginning at week 54.

▪ As an add-on to metformin, empagliflozin was slightly more effective at reducing A1c
and fasting plasma glucose and significantly more effective at lowering weight than
sitagliptin. In the 10 mg empagliflozin plus metformin, 25 mg empagliflozin plus metformin, and
sitagliptin plus metformin arms, the A1c reductions achieved at week 90 were 0.34%, 0.63%, and
0.40%, respectively (from baselines of 7.9%, 7.9%, and 8.0%). An upward trend in A1c was observed
starting at week 18 in the sitagliptin group and week 54 in the 10 mg empagliflozin group, while A1c
reductions were maintained in the 25 mg empagliflozin arm through week 90. The reductions in
fasting plasma glucose were 21.3 mg/dl, 31.8 mg/dl, and 15.6 mg/dl, respectively (from baselines of
177 mg/dl, 179 mg/dl, 179 mg/dl). These changes were largely sustained through week 90. The
weight loss in each respective group was 3.14 kg (6.9 lbs), 4.03 kg (8.9 lbs), and 0.41 kg (0.9 lbs)
from a baseline of approximately 89 kg (196 lbs). While weight loss was sustained with sitagliptin
treatment through week 90, a trend toward increasing weight was observed starting at week 66 with
10 mg empagliflozin and a trend toward further weight loss was still detected with 25 mg
empagliflozin at week 90.

▪ Over the 78-week extension study, empagliflozin was generally well tolerated, with a
minimal risk for hypoglycemia, a comparable risk for UTIs as sitagliptin, and an
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elevated risk for genital tract infections versus sitagliptin. In each of the empagliflozin
treatment arms, between 63.2% and 74.1% of participants experienced an adverse event in the
extension period. This compares to 69.6% of participants in both the metformin alone arm and the
sitagliptin plus metformin arm. Participant-reported hypoglycemic events were less frequent in the
empagliflozin monotherapy arms (0.9% to 1.8%) than with metformin monotherapy (7.1%). The
same was true in the empagliflozin plus metformin arms (2.4% to 3.6%) vs the sitagliptin plus
metformin arm (5.4%). Between 3.8% and 6.4% of participants in the empagliflozin monotherapy
arms and 3.6% in the metformin only arm reported a UTI. Notably, the rates of UTIs between
empagliflozin and sitagliptin as add-on therapies were comparable, at 9% and 12.7% in the
empagliflozin plus metformin arms and 12.5% in the sitagliptin plus metformin arm. As expected,
however, genital tract infections were elevated in the empagliflozin arms (3.0% to 5.5%) compared
to the metformin arm (1.8%), and sitagliptin plus metformin arm (zero). No participants were
reported to discontinue the study due to UTIs or hypoglycemic events; however, four patients
treated with dapagliflozin discontinued the study due to genital infections. Across treatment groups,
there were no clinically relevant changes in renal function.

LONG-TERM EFFECTIVENESS OF DAPAGLIFLOZIN OVER 104 WEEKS IN PATIENTS WITH
TYPE 2 DIABETES POORLY CONTROLLED WITH INSULIN (1042-P)

J.P.H. Wilding, V. Woo, K. Rohwedder, J. Sugg, S. Parikh

Dr. Wilding presented the results of a 104-week study investigating the long-term efficacy, safety and
tolerability of dapagliflozin. The study randomized 808 participants poorly controlled with insulin to
placebo or dapagliflozin 2.5 mg, 5 mg, or 10 mg, all on a background of insulin ± ≤2 oral glucose lowering
drugs. The analysis of efficacy and safety at 24 and 48 weeks were previously reported (Wilding et al., Ann
Intern Med, 2012). At 104 weeks, treatment with dapagliflozin and insulin provided more stable insulin
requirements, greater reductions in A1c and weight (weight reductions in the dapagliflozin groups achieved
at 48 weeks were maintained for the rest of the trial while weight increased progressively in the placebo
group throughout the study), and lower rates of peripheral edema compared to placebo plus insulin.
Though dapagliflozin was not associated with an increased risk of adverse events, hypoglycemia, or
malignancies, as expected, it led to greater rates of genital infection and urinary tract infections.

▪ In this double-blind multicenter 104-week trial, participants with type 2 diabetes
poorly controlled on insulin (n=808; mean baseline A1c 8.53%) were randomized to
placebo (n=193) or dapagliflozin 2.5 mg (n=202), 5 mg (n=211), or 10 mg (n=194) on a
background of insulin (mean baseline dose 77 U/day) ± ≤2 oral glucose lowering
drugs. At 48 weeks, participants receiving dapagliflozin 5 mg were switched to 10 mg (creating the
5/10 mg group), excluding 28 participants from the UK who discontinued the study due to lack of
UK regulatory approval. Insulin was uptitrated if participants' A1c was >7.5% between weeks 52-65
or >7.0% between weeks 78-104.

▪ Participant baseline characteristics were similar across treatment arms. On average,
participants were 58.8 - 59.8 years of age, 44.8 - 49.5% male, had been on insulin for 5.8 - 6.3 years,
and weighed 93.0 - 94.5 kg (205-208 lbs). Mean A1c was 8.46-8.62% and BMI averaged 33.0-33.4
kg/m . Regarding adherence, 63.6% of participants completed the 104-week study period.2

▪ Greater reductions in A1c, weight, and daily insulin dosage were observed in the
dapagliflozin groups compared to the placebo group over 104 weeks. Dapagliflozin
provided placebo-adjusted A1c reductions of -0.21% for the 2.5 mg group, -0.39% for 5/10 mg, and
-0.35% for 10 mg. Both placebo-adjusted reductions in weight and in insulin requirement were
greater for dapagliflozin 10 mg (-3.19 kg [7.0 lbs]; -19.2 U/d), followed by the 5/10 mg dose (-2.74 kg
[6.0 lbs]; -16.8 U/d) and the 2.5 mg dose (-2.70 kg [6.0 lbs]; -14.3 U/d ). Weight reductions in the
dapagliflozin groups achieved at 48 weeks were maintained for the rest of the trial while weight
increased progressively in the placebo group throughout the study. At 104 weeks, insulin
requirements increased by 18.3 U/d from baseline in the placebo group but remained steady in all
dapagliflozin groups. Over the 104 weeks, the proportion of participants requiring insulin up-
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titration or who discontinued the study due to poor glycemic control was higher in the placebo group
(50.4%) compared to the dapagliflozin 10 mg group (25.5%), 5/10 mg group (26.5%) and 2.5 mg
group (29.1%).

▪ Serious and non-serious adverse events, hypoglycemic episodes, and malignancies
were comparable across treatment groups, but genital infections and urinary tract
infections were more common in the dapagliflozin groups. At 104 weeks, 78.2% of
participants on placebo experienced at least one adverse event compared to 80.2% on dapagliflozin
2.5 mg, 78.3% on 5/10 mg, and 60.1% on 10 mg. Between 60.7% and 69.3% of participants in all
groups experienced at least one hypoglycemic episode. Of the 15 malignancies reported with
dapagliflozin, four occurred within 90 days of starting treatment, three were bladder cancers, and
three were breast cancers. At 104 weeks, 3.0% of participants on placebo experienced events
suggestive of genital infection compared to 7.4% of those on dapagliflozin 2.5 mg, 12.7% on the 5/10
mg dose, and 14.3% on the 10 mg dose. Similarly, a lower proportion of participants on placebo
(5.6% ) experienced events suggestive of urinary tract infections, compared to the dapagliflozin 2.5
mg group (8.4%), 5/10 mg group (13.2%) and 10 mg group (13.8%). According to the investigators,
genital and urinary tract infections responded to routine care and rarely led to interruption or
discontinuation of dapagliflozin treatment.

DAPAGLIFLOZIN IS EFFECTIVE AS ADD-ON THERAPY TO SITAGLIPTIN WITH OR
WITHOUT METFORMIN: A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED
STUDY (1071-P)

Serge Jabbour, Elise Hardy, Jennifer Sugg, Shamik Parikh

This 24-week, double blind, placebo controlled study recruited 451 patients with type 2 diabetes
inadequately controlled on a DPP-4 inhibitor with or without metformin. Participants were randomized to
dapagliflozin 10 mg daily or placebo, all on a background of sitagliptin (Merck's Januvia) ± metformin.
Adding dapagliflozin to sitagliptin therapy led to a significantly greater reduction in A1c (-0.48%, p
<0.0001) compared to placebo, and participants with baseline A1c ≥8% experienced the greatest
improvements (~ -0.8%; p value not given). Genital infections and urinary tract infections were more
frequently reported in the dapagliflozin arm (9.3% and 5.8%, respectively) than the placebo arm (0.4% and
3.5%). Additional adverse events, including hypoglycemia, dehydration, and hypotension were balanced
between the groups.

▪ The 24-week, placebo controlled study with a 24-week blinded extension period
recruited 451 participants with type 2 diabetes inadequately controlled on a DPP-4
inhibitor ± metformin. Participants were randomized to dapagliflozin 10 mg daily or placebo, all
on a background of sitagliptin (Merck's Januvia; 100 mg daily) ± metformin (≥1500 mg daily)
Baseline characteristics were similar across the dapagliflozin and placebo groups, with a mean age of
54.8 and 55 years, respectively, A1c of 7.9% and 7.97%, weight of 91.0 kg (201 lbs) and 89.2 kg (197
lbs), and duration of diabetes 5.7 and 5.64 years.

▪ At 24 weeks, dapagliflozin as an adjunct to sitagliptin ± metformin therapy provided
significantly greater improvements in A1c (-0.48% vs. ~+0.1% for placebo; p <0.0001)
and in weight (-1.89 kg [4.16 lbs]; p value not given) compared to placebo. This effect
was observed in both the dapagliflozin+sitagliptin group (A1c reduction of -0.56%, p <0.0001;
weight loss of 1.85 kg [4.08 lbs]) and the dapagliflozin+sitagliptin+metformin group (A1c reduction
of -0.40%, p <0.0001; weight loss of 1.87 kg [4.12 lbs]). In the dapagliflozin+sitagliptin group, A1c
levels rose progressively from week 24 to reach baseline levels by week 48, while those taking
dapagliflozin+sitagliptin+metformin maintained the A1c reduction achieved at week 24 until the
study end. Over 24 weeks, fewer participants on dapagliflozin (18.8%) compared to placebo (41.5%)
discontinued treatment due to lack of efficacy or were rescued.

▪ Participants receiving dapagliflozin experienced slightly more adverse events, and
had a higher frequency of urinary tract infections (5.8%) and genital infections (9.3%)
compared to placebo (3.5%, 0.4%, respectively). Dapagliflozin led to more adverse events
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linked with renal impairment compared to placebo (3.6% vs 1.8%), though the events were generally
non-serious and reversible, suggesting a mild diuretic effect. In addition, hypotension and
dehydration events were balanced between the groups, as was the incidence of participant-reported
hypoglycemia (5.3% for dapagliflozin and 6.2% for placebo).

SAFETY OF DAPAGLIFLOZIN IN CLINICAL TRIALS FOR T2DM (1011-P)

Agata Ptaszynska, Kristina Johnsson, Anne Marie Apanovitch, Jennier Sugg, Shamik Parikh,
James List

Dr. Ptaszynska and colleagues analyzed pooled short- and long-term safety, death, and rare event data
from phase 2b/3 trials in the dapagliflozin clinical development program. Among these trials, hypoglycemia
rates were higher in the dapagliflozin treatment arms than control arms, but the incidence of severe
hypoglycemia was balanced across treatment groups. A greater proportion of patients receiving
dapagliflozin versus placebo treatment experienced genital infections; these were more common among
females than males. Similarly, a higher proportion of patients in the dapagliflozin 5 and 10 mg groups
reported urinary tract infections compared to those in the dapagliflozin 2.5 mg and placebo groups.
Dapagliflozin treatment was associated with clinically meaningful decreases in seated blood pressure
(especially systolic blood pressure) versus placebo, while AEs of fracture and renal impairment were similar
across dapagliflozin across groups. Long-term data (up to two years of follow-up) was used to analyze
cardiovascular and liver safety, and cancer risk. Cardiovascular risk and measures of liver safety were
comparable between the dapagliflozin and the comparator groups. While the overall incidence of cancers
was balanced among dapagliflozin and comparator groups, bladder and breast cancer incidence was
substantially higher with dapagliflozin treatment..

▪ Overall safety, mortality, and rare events were studied using data pooled from more
nineteen phase 2b/3 studies in the dapagliflozin clinical development program. To
assess overall safety, data was pooled from three 12-week phase 2b studies and nine 24-week phase
3 studies. Subjects in these studies were between the ages of 18 and 85 and had inadequately
controlled type 2 diabetes. More than twice as many patients were randomized to the dapagliflozin
vs. control arms in these studies (n=3291, n= 1393). Data on deaths were pooled from 14 phase 2b/3
trials. Data used to examine cardiovascular (CV) and liver safety, and malignancy were pooled from
19 phase 2b/3 trials (from which long-term follow-up data of up to two years was available).

▪ Baseline characteristics were similar across the studies' placebo and the three
dapagliflozin groups (dapagliflozin 2.5 mg, 5/10 mg, and 10 mg). Data was analyzed from
3,291 placebo-treated patients, and 1,393, 814, and 1,145 patients treated with dapagliflozin 2.5 mg,
5 mg, and 10 mg, respectively. Mean baseline A1c across the groups analyzed ranged from 8.11% to
8.39%, while systolic BP ranged from 129.0 mmHg to 131.9 mmHg, and diastolic BP ranged from
79.1 mmHg to 79.8 mm Hg. Average type 2 diabetes duration ranged from 5.3 to 6.7 years, and
mean BMI was greater than or equal to 30 kg/m in over 50% of participants across treatment2

groups. Overall 33.2% of individuals receiving dapagliflozin, and 42.3% of those receiving control
had a prior history of CV disease. Similarly, 67.6% of those taking dapagliflozin and 74.0% of those
on the placebo had a prior history of hypertension.

▪ The overall proportion of patients reporting serious adverse events was higher among
dapagliflozin than placebo treated patients. Serious adverse events (AE) were rare and
balanced across groups. Similarly small, proportions of patients experienced AEs that led to study
discontinuation. Deaths were infrequent across the clinical program.

▪ Hypoglycemia was reported in a higher proportion of dapagliflozin than placebo-
treated patients. However, episodes of major hypoglycemia were similar across all treatment
groups. Rates of hypoglycemia were similar for dapagliflozin 10 mg and placebo in monotherapy,
add-on to metformin, and add-on to pioglitazone trials. Higher rates of hypoglycemia with
dapagliflozin 10 mg vs. placebo were seen in the add-on to sulfonylurea and insulin studies.
Hypoglycemia was ten-times less common with dapagliflozin than glipizide in a dapagliflozin vs.
glipizide + metformin study. No hypoglycemia events led to study discontinuation.
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Hypoglycemic events in the short-term double-blind pool (%
patients)

Placebo Dapagliflozin
2.5 mg

Dapagliflozin
5 mg

Dapagliflozin
10 mg

Hypoglycemia

Total (%) 7.0 15.5 10.9 10.2

Major* n=1 n=3 n=1 n=1

*Major episode defined as a symptomatic episode requiring 3 party assistance due to severe impairment in consciousness orrd

behavior with a capillary or plasma glucose value <54 mg/dl and prompt recovery after glucose or glucagon administration

▪ The proportion of patients with genital and urinary tract infections was higher with
dapagliflozin versus placebo treatment; both genital and urinary tract infections were
more frequent in females than males. Most genital infections (including vulvovaginitis,
balanitis, and related infections) were mild to moderate in intensity, and responded to standard
treatment. Additional treatment was required for 6.5% and 4.5% of those receiving dapagliflozin 5
mg and 10 mg, respectively. Similarly, most urinary tract infections were mild to moderate in
intensity and responded to an initial course of standard treatment; 5.7%, 1.3%, 15.9%, and 14.3% of
patients in the dapagliflozin 2.5 mg, 5 mg, 10 mg, and placebo groups required additional treatment.
Discontinuations due to genital infections and urinary tract infections were infrequent.
Pyelonephritis was rare and balanced across treatment groups (0.2, 0.1, 0, and 0.1% in the
dapagliflozin 2.5 mg, 5 mg, and 10 mg and placebo groups, respectively).

Adverse events of special interest in the short-term double-blind pool

Percentage of patients

Placebo Dapagliflozin
2.5 mg

Dapagliflozin
5 mg

Dapagliflozin
10 mg

Genital infections

Total 0.9 4.1 5.7 4.8

Female 1.5 5.8 8.4 6.9

Urinary Tract
Infections*

Total 3.7 3.6 5.7 4.3

Female 6.6 5.8 9.6 7.7

*Includes data after rescue.

▪ Relative risk for the primary composite endpoint of CV death, myocardial infarction,
stroke, and hospitalization for unstable angina with dapagliflozin vs. comparator
treatment was 0.819 (95% CI: 0.583, 1.152). Event rates (patients with events/1,000 patient
years) for cardiovascular death, myocardial infarction, stroke, and hospitalization for unstable
angina, were 16.4 in the DAPA group and 19.9 in the comparator group.
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▪ There were no clinically meaningful differences in liver function tests between
dapagliflozin and control groups. The proportion of participants with elevated liver tests,
based on measured laboratory values, was similar in dapagliflozin vs. control patients (4.4% versus
4.2%). Hepatic disorder AEs led to study discontinuation in 0.2%, 0.1%, and 0.3% of patients in the
dapagliflozin 2.5, 5, and 10 mg groups vs. 0.1% of patients in the control groups. There was one
patient receiving dapagliflozin who was diagnosed with possible drug-induced hepatitis; the event
was judged as having a 25-49% likelihood of being related to study drug.

▪ Overall cancer rates were similar across treatment arms (1.39/100 patient years in the
comparator group and 1.34/100 in the dapagliflozin group), but bladder and breast
cancer were more common in the dapagliflozin treatment arms. Of the patients receiving
dapagliflozin, nine were diagnosed with bladder cancer compared to only one control participant.
However, the majority of these people had hematuria at baseline, suggesting that some of the
cancers may have been pre-existent. Breast cancer was reported in ten members of the dapagliflozin
group, in contrast to three members in the comparator group. According to the study's authors, the
small number of overall events and tumor types limits the ability to assess causality of cancer
imbalances.

▪ Dapagliflozin treatment was also associated with decreases in seated BP (especially
systolic BP) and a higher incidence of volume depletion compared to placebo.
Meanwhile, renal impairment and fracture adverse events were balanced across groups. Changes
from baseline to week 24 in seated heart rate were not clinically relevant in any treatment group
(-1.1, -0.7, -0.4 beats per minute (bpm) in the dapagliflozin group vs. + 0.5 bpm in the placebo
group). The proportion of patients with volume depletion and AEs of fracture was small across all
treatment groups.

EFFECT OF DAPAGLIFLOZIN ON RENAL FUNCTION (1098-P)

Agata Ptaszynska, Alexandros-Georgios Chalamandaris, Jennifer Sugg, Kristina Johnsson,
Shamik Parikh, James List

This study analyzed dapagliflozin's effect on renal function using data from 12 24-week, placebo-controlled
trials (six of which had data up to 102 weeks). Across these studies, dapagliflozin treatment resulted in a
rapid, small decrease in estimated glomerular filtration rate (eGFR) by week one that was restored to
baseline by week 24. Renal adverse events were similar between dapagliflozin and placebo treated groups,
and dapagliflozin did not have any major effect on other tubular functions or albuminuria. Overall,
dapagliflozin not associated with acute renal toxicity or deterioration of renal function.

▪ This study assessed the effects of dapagliflozin on renal function using data from 12
placebo-controlled randomized dapagliflozin studies. Trials included in the meta-analysis
examined dapagliflozin monotherapy, dapagliflozin use in initial combination with metformin, and
use of dapagliflozin as an add-on to insulin, metformin, TZD, or sulfonylureas. In these trials,
participants were randomized to receive either placebo, dapagliflozin 5 mg, or dapagliflozin 10 mg
therapy. 24-week data was derived from all 12 trials, while 102 week data was derived from six of the
twelve.

▪ Participants all had inadequate glycemic control at baseline and had similar baseline
characteristics: across the treatment arms and data groups, participants were on average
55.1-56.9 years old, 79.2-86.5% Caucasian, and had mean A1cs of 8.11-8.39%. Participants were
categorized based on estimated glomerular filtration rate (eGFR) levels at both 24 and 102 weeks. At
24 weeks, ~38% of participants across included studies were classified as having normal renal
function (eGFR >90 mL/min/1.73m ), ~53% as having mild renal impairment (eGFR: ≥60 to <902

mL/min/1.73m ), and ~8% as having moderate renal impairment (≥30 to <60 mL/min/1.73m ).22

There were similar proportions of participants in each of these categories at 102 weeks. Participants
with severe renal impairment (eGFR <30 mL/min/1.73m ) were excluded. More than 80% of study2

participants in all groups were Caucasian, and ~50% were female.
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▪ Dapagliflozin therapy resulted in a rapid, small decrease in mean eGFR in the first
week of treatment, followed by a return to baseline at 24 weeks that was maintained at
102 weeks. At 24 weeks, mean eGFR change was +0.85 mL/min/1.73m (from a baseline of 86.02

mL/min/1.73m ) in the placebo group, +0.77 mL/min/1.73m (from a baseline of 85.3 mL/min/22

1.73m ) in the dapagliflozin 5 mg group, and +0.33 mL/min/1.73m (from a baseline of 86.7 mL/22

min/1.73m ) in the dapagliflozin 10 mg group. At 102 weeks, mean change from baseline was +1.312

mL/min/1.73m (from a baseline of 83.1 mL/min/1.73m ) in the placebo group, +2.52 mL/min/22

1.73m (from a baseline of 81.9 mL/min/1.73m ) in the dapagliflozin 5 mg group, and +1.38 mL/22

min/1.73m (from a baseline of 84.3 mL/min/1.73m ) in the dapagliflozin 10 mg group. For the 1222

studies with data at 24 weeks, >90% of participants maintained normal albuminuria (0 to <30 mg/
g).

▪ Renal adverse events were similar between dapagliflozin and placebo-treated groups.
At 24 weeks, 0.9% of 1,393 participants in the placebo group had experienced an adverse event
related to renal function, compared to 1.3% of 1,145 patients taking 5 mg dapagliflozin and 0.9% of
1,193 patients taking 10 mg dapagliflozin. At 102 weeks, 1.7%, 1.8%, and 1.9% of placebo,
dapagliflozin 5 mg, and dapagliflozin 10 mg treated patients, respectively, had had such an event.
Additionally, dapagliflozin had no major effect on other tubular functions (as assessed by electrolyte
levels, potassium levels, and serum phosphorous and magnesium levels, among several measures).
No cases of acute tubular necrosis were reported with dapagliflozin treatment and no patient taking
dapagliflozin required dialysis. Dapagliflozin additionally had no adverse effect son albuminuria.
However, dapagliflozin treatment was associated with modest mean blood pressure reductions and a
slight increase in episodes of hypertension.

Corporate Symposium: New Frontiers and Evolving Therapeutic Paradigms for Kidney-
Mediated Glucose Homeostasis in Type 2 Diabetes (Sponsored by BMS/AZ)

THE ROLE OF THE KIDNEY IN GLUCOSE HOMEOSTASIS: FOCUS ON SGLT-2 INHIBITION
AS A NEW PHYSIOLOGICAL INTERFACE FOR T2D MANAGEMENT

George Bakris, MD (University of Chicago Medicine, Chicago, IL)

Dr. Bakris announced at the beginning of his talk that he was not a "gluco-centric" thinker, but rather a
"nephro-centric" thinker. He then reviewed basic renal physiology to introduce the role of SGLT-2 inhibitors
in glucose homeostasis. In addition to lowering blood glucose, SGLT-2 inhibitors relieve the stressor of
pumping out excess glucose during periods of hyperglycemia. Because people with diabetes have excess
glucose production in renal epithelial cells, their intracellular glucose is already at elevated levels. Dr.
Bakris noted that the increased renal gluconeogenesis seen in diabetes is too often overlooked, and further
adds to the burden on the cells.

SGLT-2 INHIBITION: A NOVEL TREATMENT STRATEGY FOR TYPE 2 DIABETES MELLITUS

Ralph DeFronzo, MD (University of Texas Health Science Center, San Antonio, Texas)

Dr. DeFronzo spoke on the value of SGLT-2 inhibitors in treating diabetes and diabetic nephropathy. He
reminded the audience that, in addition to being an endocrinologist, he was a board-certified nephrologist.
In describing the rationale for SGLT-2 inhibitors, he noted that people filter 160 grams of glucose daily, yet
only excrete a fraction of that amount. Promoting renal glucose excretion over reabsorption results in
glucosuria, which leads to a decline in plasma glucose and a reversal of glucotoxicity. Dr. DeFronzo noted
that the benefits of SGLT-2 inhibitors lie in their simplicity and their effectiveness in a wide variety of
patients, even those with advanced-stage diabetes. He emphasized that since the expression of SGLT-2
transporter is increased in diabetes, inhibiting the protein is a practical therapeutic approach. In discussing
the safety of SGLT-2 inhibition, Dr. DeFronzo noted that people with a genetic condition called familial
renal glucosuria have no SGLT-2 transporters, yet maintain normal fasting glucose levels and are
completely asymptomatic, except for glucosuria. To Dr. DeFronzo, this condition suggests that SGLT-2
inhibition itself is unlikely to cause adverse effects, though patients may still exhibit drug-specific side
effects. Looking forward, he predicts that SGLT-2 inhibitors' role in diabetes care will be complicated,
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despite their safety and efficacy. Regarding their development, he noted, "the smart pharma company is the
company that starts a trial tonight to study SGLT-2 inhibitors for impaired fasting glucose, because sooner
or later the FDA is going to get it that we need to start treating glycemia earlier." Dr. DeFronzo concluded
his talk by addressing the controversial use of SGLT-1 inhibitors, suggesting that such therapies may be
helpful. Of concern is the possibility that SGLT-1 inhibitors increase the risk for glucose-galactose reuptake
syndrome and reduce intestinal GLP-1 secretion, since L-cells depend on SGLT-1 function. Dr. DeFronzo
noted that a significant degree of SLGT-1 inhibition can occur before the onset of glucose-galactose reuptake
syndrome. Furthermore, SGLT-1 inhibitors provide several benefits, including inhibiting glucose absorption
within the GI tract and increasing GLP-1 secretion via increased glucose delivery to, and metabolism within,
the distal small bowel. Overall, Dr. DeFronzo suggests that pharmaceutical companies investigate
combination SGLT-1/SGLT-2 inhibitors to better understand their cost/benefit profile.

ACHIEVING GLYCEMIC CONTROL IN T2D THROUGH KIDNEY-MEDIATED MECHANISMS
AND THERAPEUTICS: ALIGNING SGLT2 INHIBITORS WITH PATIENTS PROFILE,
GUIDELINES, AND UNMET CLINICAL NEEDS

Robert Henry, MD (University of California San Diego, San Diego, CA)

Dr. Henry provided a review of certain SGLT-2 inhibitors in phase 3 clinical trials and their potential future
use. Dapagliflozin will likely be the first SGLT-2 inhibitor to enter the market, followed by canagliflozin,
empagliflozin, ipragliflozin, and other drugs in early-stage development, he said (others would say that
canagliflozin will be first, due to regulatory delays associated with dapa). These drugs have generally been
studied in doses ranging from 25-40 mg/dl. Data show that at high doses, SGLT-2 inhibitors provide
comparable or improved glycemic control compared to sitagliptin (Merck's Januvia). Dr. Henry then
focused his presentation on dapagliflozin. Although dapagliflozin provided a smaller reduction in A1c at 18
weeks compared to the sulfonylurea glipizide, its glycemic effect was consistently sustained over 104 weeks,
unlike glipizide. In patients taking glipizide, A1c levels increased to nearly baseline levels over the two-year
study period due to beta-cell burnout. In addition, dapagliflozin provided an approximately 2-3 kg (4.4-6.6
lb) weight loss at 12-16 weeks that was sustained throughout the treatment. Dr. Henry stipulated that
patients who developed urinary tract infections (UTI) while taking an SGLT-2 inhibitor likely already had
an underlying infection that was exacerbated by the therapy. However, he acknowledged that the risk of
UTI is currently not well understood. Regarding the possibility that dapagliflozin increases breast cancer
risk, Dr. Henry noted that the clinical trials had too few events to establish causality. While no
carcinogenicity or mutagenicity was found in animal studies, the potential risk needs to be further
investigated for dapagliflozin and the entire drug class. Dr. Henry concluded his talk by speculating that,
given the clinical trial data on the efficacy and safety of SGLT-2 inhibitors, this drug class could become
first, second, and third-line treatment options, although he doubts that it will displace metformin as the
standard first-line treatment.

Additional Oral Therapies

Current Issue: Will PPAR Agonist Therapy Survive?

YES

Steven Nissen, MD (Cleveland Clinic, Cleveland, OH)

In an engaging and entertaining presentation (complete with a theme song), Dr. Nissen argued that PPAR
agonists still have a place in the diabetes treatment armamentarium. He posited that PPAR agonists are not
a class of drugs; rather, they're individual compounds with individual effects on many different genes, and
some are good (pioglitazone [Takeda's Actos]), some are bad (muraglitazar [BMS]), and some are quite
ugly (rosiglitazone [GSK's Avandia]) in terms of their benefit/risk profiles. Dr. Nissen commented that he
believed the whole rosiglitazone controversy could have been avoided if GSK had made the ethical decision
to stop developing the drug when they first found out about its adverse effects; it could have saved the whole
field a lot of grief (and he might still have a full head of hair, Dr. Nissen said). He believes this controversy
colored everyone's thinking about the class, but it's time to get it out of our heads and move on, he urged. He
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argued that pioglitazone's ability to reduce insulin resistance, provide a durable glucose-lowering effect,
improve lipids, confer anti-inflammatory effects, improve non-alcoholic fatty liver disease (NAFLD), and
potentially reduce cardiovascular events trump the downsides of weight gain, congestive heart failure, bone
fracture, and the potential risk of bladder cancer (he believes the bladder cancer issue will go away soon).
Dr. Nissen commented that currently available thiazolidinediones should not be used as first-line agents
because of the associated safety concerns, but nonetheless they remain useful in many patients not
controlled on metformin. During the subsequent panel discussion, Dr. Nissen explained that he wanted to
take the "yes" position on this debate, because he wanted to let it be known that it was not his intent to
torpedo the class, but rather, to emphasize that benefit/risk must be adequately assessed for each drug
candidate.

▪ ("The Bad.") While muraglitazar initially held promise, ultimately its cardiovascular
risks outweighed its benefits. In clinical trials, muraglitazar lowered A1c, lowered triglycerides,
raised HDL and had little effect on LDL. The drug looked like it was going to be good, but one can't
predict what is going to happen based on biochemical profiles. Six weeks after the Advisory
Committee meeting for muraglitazar (September 8, 2005), Dr. Nissen and his colleagues published a
meta-analysis that showed that the risks of all-cause mortality, nonfatal myocardial infarction, or
stroke more than doubled (as well as virtually every other composite cardiovascular endpoint) with
muraglitazar. Dr. Nissen noted the PPAR agonist class is one in which it's hard to predict what the
balance of benefit and risk are going to be, but the fact that it's hard doesn't mean we shouldn't try.

▪ ("The Ugly.") Dr. Nissen asserted that rosiglitazone was "born bad," and should have
never been approved in the first place. Following Dr. Nissen's 2005 meta-analysis of
muraglitazar, Dr. John Buse (University of North Carolina, Chapel Hill, NC) conducted a similar
analysis of the data GSK submitted to the FDA for rosiglitazone, and found a similar association with
increased cardiovascular events (Dr. Nissen said that Dr. Buse was forced to sign a document stating
that he could no longer talk about the safety of the drug). Looking at the totality of data submitted to
the FDA prior to approval, rosiglitazone had an 80% increase in cardiovascular risk versus
comparator. In addition, rosiglitazone had adverse effects on the lipid profile - rosiglitazone
increased LDL 18.6% (Dr. Nissen acknowledged that although lipid can't predict cardiovascular risk,
they are a sign). In a secret, non-published, integrated analysis of 42 randomized controlled trials
(n=12,183) conducted by GSK in 2004, the company found the overall hazard ratio of cardiovascular
events with rosiglitazone to be 1.31 (95% CI: 1.01-1.70); looking at the trials, it was clear that
rosiglitazone was a bad PPAR agonist. Dr. Nissen noted that these data were submitted to the FDA;
however, neither the company nor the FDA made any public statement warning physicians or
patients of the findings. In Dr. Nissen's now infamous 2007 meta-analysis, it was found that
rosiglitazone increased the risk of myocardial infarction by 43%, and the risk of cardiovascular death
by 64% (Nissen and Wolski, NEJM 2007). Finally, on September 23, 2010, what Dr. Nissen coined
as "pharmageddon" for rosiglitazone, European regulators decided to ban the drug entirely, while
the FDA proposed restricting the drug's use. In 1999, the drug giant SmithKline Beecham secretly
conducted a study to determine whether rosiglitazone was safer for the hear than pioglitazone, but
the study's results were "disastrous" - senior management mandated that the data "should not see
the light of day" to anyone outside the company. Dr. Nissen emphasized the difference between the
"bad" and the "ugly" - whereas it was somewhat understandable that the cardiovascular risk of
muraglitazar remained undetected for a period of time, it was inexcusable that GSK did not just stop
developing rosiglitazone in 1999 when they learned of the drug's increased cardiovascular risk, he
said.

▪ ("The Good.") In Dr. Nissen's opinion, pioglitazone's benefits outweigh its risks.
Specifically, its ability to reduce insulin resistance, provide a durable glucose-lowering effect,
improve lipids, confer anti-inflammatory effects, improve non-alcoholic fatty liver disease (NAFLD),
and potentially reduce cardiovascular events trump the downsides of weight gain, congestive heart
failure, bone fracture, and the potential risk of bladder cancer (he believes the bladder cancer issue
will go away soon). Dr. Nissen noted that from the very beginning, it was readily apparent that
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rosiglitazone and pioglitazone had very different profiles - rosiglitazone increased triglycerides by
14.9% and increased non-HDL cholesterol by 18.6%, whereas pioglitazone decreased triglycerides by
12.0% and only increased non-HDL cholesterol by 3.8% (p <0.001) (Goldberg et al., Diabetes Care
2005). In the PROactive study, pioglitazone treatment decreased the risk of major adverse
cardiovascular events (MACE) by 16% (p=0.273) (Dormandy et al., Lancet 2005). Dr. Nissen
acknowledged that while MACE was a secondary endpoint and does not meet the regulatory
standard for cardioprotection, it is useful for informing us about the relative safety of the drug,
stating that pioglitazone appears to be cardioprotective. In two subsequent meta-analyses,
pioglitazone was associated with an 18-20% reduced cardiovascular risk. Dr. Nissen argued that just
because regulators will not give a label claim based on meta-analyses, it doesn't mean we shouldn't
take them into consideration; he asserted that pioglitazone is the only drug that has solid evidence
supporting that the drug reduces cardiovascular risk.

▪ Dr. Nissen emphasized that the known safety issues (e.g., congestive heart failure,
bone fractures, weight gain) with PPAR agonists can be mitigated through good
clinical practice. He stated that physicians should be careful not to give TZDs to patients with low
ejection fractions to mitigate the risk of heart failure, to avoid prescribing the drugs to elderly
women at high risk of osteoporosis to mitigate the risk of bone fractures, and to promote lifestyle
interventions and counseling to mitigate weight gain. Dr. Nissen commented that these
aforementioned safety issues are real concerns, but not overwhelming. In the context of an anti-
atherogenic drug like pioglitazone that he believes reduces cardiovascular morbidity and mortality,
Dr. Nissen asserted that on balance the drug provides much more benefit than harm. Dr. Nissen
firmly stated that he does not believe pioglitazone increases the risk of bladder cancer, noting that
the just-released eight-year interim results of the Kaiser Permanente North California database
epidemiological study demonstrated neutral bladder cancer risk for pioglitazone (HR=0.98).

▪ Looking to the future, Dr. Nissen was hopeful that next-generation PPAR-based agents
could maintain efficacy while reducing side effects and adverse events. Dr. Nissen
reviewed data from the SYNCHRONY phase 2 trial for Roche's dual PPAR-α/γ agonist aleglitazar,
noting that it was the first PPAR agonist documented to decrease LDL. Specifically, the 150 ug dose
of aleglitazar looked similar in efficacy to the 45 mg dose of pioglitazone, with the same favorable
patterns of lipid effects, if anything with perhaps more favorable reductions in triglycerides (30%),
increases in HDL (25%), and decreases in LDL (10%) (Henry et al., Lancet 2009). Dr. Nissen said he
didn't know whether the drug would make it or not, but pointed out that it is currently in a large
cardiovascular outcomes trial. He was glad that a company was willing to invest hundreds of
millions in the drug to find out, and that frankly, we need more and better drugs for diabetes. Dr.
Nissen noted that another company (Metabolic Solutions) is currently working on a mitochondrial
target, and has thus far been shown to provide many of the same benefits without the negative
effects of edema. Dr. Nissen expressed optimism that future PPAR agonists may find broader usage,
especially if development efforts can uncouple efficacy from adverse effects; he stressed that we still
need PPAR agonists in the therapeutic armamentarium for diabetes.

NO

George Grunberger, MD (Grunberger Diabetes Institute, Bloomfield Hills, MI)

In this heated but good-humored session, Dr. Grunberger opened by declaring that he thought it must have
been "a practical joke" that the ADA wanted him to argue that PPAR agonist therapy will not survive,
against Dr. Nissen of all people, commenting that he wanted to back out of the commitment but it was
already too late to do so. Dr. Grunberger argued that the currently available PPAR-γ agonists will not
survive given the recent safety concerns and American propensity toward media-incited hysteria. He
believes that patients and primary care providers, who care for 95% of diabetes patients and lack
specialized knowledge about diabetes drugs, are increasingly unlikely to choose thiazolidinediones (TZDs)
based on the bad press they have received. He argued that the side effects and safety concerns associated
with TZDs - weight gain, edema, and risk of fractures, cardiovascular disease, and bladder cancer - are not
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outweighed by the relatively ordinary glucose-lowering effects of the drug compared to other anti-diabetic
agents. In conclusion, he does not see PPAR-γ agonists surviving in their current iteration, but he does see
promise for the future of PPAR-α agonists.

▪ Dr. Grunberger began by putting the audience in a primary care provider's shoes,
asking if we would prescribe a thiazolidinedione to an average middle-aged, obese,
type 2 diabetes patient with suboptimal glycemic control. He argued that a busy PCP
having to make a snap decision based on a quick overview of the available literature would take the
safer, easier route and avoid prescribing TZDs to reduce risk of lawsuits and late-night patient
phone calls. He suggested that the data for risks associated with TZDs is presented in such a way
that might incite unnecessary hysteria in patients that come across news releases or commercials for
malpractice lawyers.

▪ He recounted the well-known history of the approval and subsequent recognition of
the CV risks associated with rosiglitazone and bladder cancer risks associated with
pioglitazone, contending that the benefits of these drugs did not outweigh the risks. He
discussed the patient-provider interaction again, arguing that patients would refuse the drug after
learning about the associated weight gain, edema, and risks of fractures, heart failure, and bladder
cancer. Additionally he asserted that most anti-diabetic agents have similar glucose-lowering
efficacy, are cheaper, and that TZDs do not have truly preventative properties because their glucose-
lowering effect disappears after patients come off of these drugs. In our opinion, he may have
understated the benefits, though, as TZDs are the only drugs currently available that truly target the
underlying cause of type 2 diabetes, insulin resistance, and have been shown to have a more durable
effect than other alternatives.

▪ Dr. Grunberger relayed allegations from a Takeda contract physician of drug safety
indicating that the company reclassified adverse events during clinical trials in order
to make pioglitazone seem safer. This informant claimed that the company knew about the
bladder cancer risk associated with pioglitazone during preclinical animal studies and in subsequent
phase 3 trials, amended patient enrollment criteria using a urine cytology test as an exclusion
criterion. We are reporting this to let readers know what was said in the session; there is no way, of
course, to verify this.

▪ The PPAR-γ agonist class is likely on the decline, but Dr. Grunberger sees hope in
pioglitazone's PPAR-α activating function as a start to exploring alternative PPAR
agonist mechanisms. Thus, his argument was subtler than a simple declarative "no." He did not
foresee a bright future for the current PPAR-γ agonists on the market, but did not condemn this
entire therapeutic strategy. In fact, he sounded hopeful that future PPAR-based therapies (e.g.,
MSDC-0160, MSDC-0602) could provide the same insulin-sensitizing effects of TZDs without their
associated adverse effects.

PANEL DISCUSSION

Steven Nissen, MD (Cleveland Clinic, Cleveland, OH); George Grunberger, MD (Grunberger
Diabetes Institute, Bloomfield Hills, MI)

Dr. Nissen: As I think many people in the room are now aware, diabetes has a relation to cancer that is very
clear - the longer patients have diabetes, the more likely they are to have cancer. One of the problems with
signals is that drugs like pioglitazone are used later in the course of diabetes. You create a bias - if you have a
drug used later in the course of the disease, it may appear to have a higher rate of cancer when it really
doesn't. That's why observational studies can't be used. The FDA were the first to tell you not to use AERS to
compare drugs. Differential reporting is something everyone is aware about. You can't use AERS data to
answer questions about drug safety; it's just there to highlight signals.

Dr. Grunberger: I was just trying to play the devil's advocate. With insulin and any other drugs that you use
later in the game with overweight or obese patients, you have to be careful about the cause and effect
relationships.
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Comment: Pioglitazone is not the right track for everyone. It is important to select the ideal
patient to use this drug.

Dr. Grunberger: If you are a good practitioner, then yes, you would be selective with the patients you
prescribe this drug to. I agree that personalized medicine is the way to go.

Dr. Nissen: I would not give pioglitazone to an elderly female with prior fractures, but that's not whom we're
talking about. You said, George, that it has no unique advantages, but show me another oral drug that has
such durability.

Dr. Grunberger: That is an important point to bring up. With sulfonylureas, you see that drop in A1c, but that
it comes back up. Of course that is a concern, and especially in young patients durability is important. Now I
think GLP-1 agonists might have prove to have the same durability.

Q: Do we have any information on PPAR-α/β agents? Would those be good drug candidates?

Dr. Grunberger: I'm not aware of any drug candidates dealing with those.

Dr. Nissen: The point both of us need to acknowledge is that this is one of the hardest classes to develop drugs
in that we've ever seen. The number of PPAR drugs that have died during development is enormous. While
Dr. Grunberger listed a number on his slides, there are at least 50.

Dr. Grunberger: I ran out of space.

Dr. Nissen: Saying that it's hard doesn't mean it can't be dome. If we never had pioglitazone, I would have
been much more gloomy. We have a drug, albeit with a few warts, that has a lot of unique advantages,
including an anti-atherogenic effect we haven't been able to see with other classes of drugs. Whether well see
these effects with GLP-1 agonists, I don't know. To have a class of drugs lower CV risk and mortality in a good
meta-analysis is pretty important.

Comment: It seems like it is going to be a pretty daunting challenging from a regulatory
standpoint for the next generation of PPAR agonists.

Dr. Nissen: One thing that makes me stay an optimist is that we have such a large unmet need. It is so difficult
to control diabetes with existing agents, so the incentive to develop better drugs is very high. Yes it is daunting
and the regulatory hurdles are huge, but there is an enormous medical need, and that is why we don't give up.

Dr. Grunberger: I agree, but in the current environment in which we work, there are requirements for all
these extra steps because, in America, everything has to work 100% perfectly before approval, and if anything
goes wrong there will be a lawsuit.

Comment (Takeda): I just want to provide some information. I'm not here to influence the
debate. First, we're deeply interested in the safety of our products on the market, and have
ongoing studies to find out what the risk/benefit profile of pioglitazone is. Dr. Nissen pointed
out the imbalance in bladder cancer. We have an ongoing observational study following
patients what impact bladder cancer shows with follow up. The results were presented in
poster format at this meeting, and I recommend that those interested can look at that. There's
also the Kaiser Permanente Northern California ongoing 10-year study. The interim five-year
analysis was published last year, and we're continuously updating the data. When new data
becomes available, I would suggest looking into that. Perhaps the most important reason is for
information purposes. Dr. Grunberger presented an analysis from the UK General Practice
Database that was just published in BMJ. That was using what is known as case-control. Using
propensity matching scores from the exact same database, a separate analysis found the other
conclusion. Different studies have to be looked at in the context of the database used, and the
type of analysis.

Dr. Nissen: To my understanding, the report from Kaiser released today is an eight-year interim analysis.
What you showed in the five-year completely goes away when you do the more comprehensive analysis. The
unadjusted hazard ratio is 0.98. I'm not sure the bladder cancer is real at all. If it is real, the magnitude of
effect in terms of the number of people affected would still be small. I don't think we should practice medicine
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according to court attorneys; I think our job is to take care of patients. If there is a bladder cancer problem, it
is so small in comparison to the other causes of mortality in these patients. We have to be careful not to throw
the baby out of the bathwater. I'm worried this got so much hype that it scared people away from what they
should be doing for patients. Even though I'm a cardiologist, I've had patients on pioglitazone for years.
They're doing well, and I'm going to continue treating patients with the drug. I don't use it as first-line
therapy; I use it in a thoughtful way.

Dr. Grunberger: I'm supposed to argue the con side. The problem we have is the environment we're currently
in. The absolute risk doesn't make the headlines - only the relative risk does. The day when the rosiglitazone
meta-analysis in NEJM hit the airwaves, I was in the examine room seeing a patient, and was called out of the
exam room by my MA, because a patient of mine was on the phone and was asking to speak to me right away.
My patient said, "How dare you give me a drug that increases the risk of heart attacks by 43%?!?" I had no
idea what he was talking about. It turned out that it was the hazard ratio of 1.43 that the patient heard on the
news. When you look at the absolute risk in the meta-analysis, it is actually miniscule. But when you publish
percentages, the average patient or practitioner just doesn't look at it that way, unfortunately.

Dr. Nissen: But it's our job to communicate that to the patient. It's always the case that the best doctors are
always the ones who sit down and explain the risk and benefits to their patients each day - "every drug has
risks, and I'm giving you this one because I believe the benefits outweigh the risks." It's about finding the right
people to treat; PPAR agonists do belong in the armamentarium. I'm hoping there are companies in the
audience that will give us PPAR agonists to use; it is still a target I think is viable.

Q: I'm one of those who is convinced that the cardiovascular benefits of pioglitazone outweigh
the risks, but I wanted to say a word about the "ugly" of TZDs: if you look at the ACCORD
study, what is striking is the immense amount of rosiglitazone used in the intensive treatment
group. Do you think that was a major factor in that study?

Dr. Nissen: The authors said they looked at this as well as they could and said that it was not an effect of
rosiglitazone. When you have a study design where you're considering the intensity of control, you're really
looking at an observational and not a randomized control trial in the conventional sense, so I don't think you
can answer that question. But everyone agrees that in comparison to pioglitazone, rosiglitazone has a much
higher risk of ischemic cardiovascular outcomes. The point that I wanted to make is that this controversy,
unfortunately, did not need to happen because the evidence was so clear within a few years, or even before,
approval of rosiglitazone that it was a bad drug. I'm heartsick about it, and I was obviously the one who
dropped the bomb on it, but it was in the interest of getting the drug off the market, not torpedoing a
promising class of drugs. A bad signal came out of ACCORD for rosiglitazone because these people were very
sick. In a way it was contributed to rosiglitazone, but we will never find out.

Q: George, as a testament to your ability to speak on this subject - I know you use pioglitazone.

Dr. Grunberger: 95% of people with diabetes are not seen by diabetes specialists, so it is difficult for them to
maintain good knowledge about it. If you're not specialized in it, how would you know? For most doctors, it is
a lot easier to prevent future phone calls by giving an easier prescription.

Comment: I just wanted to enforce the point pioglitazone not only brings down blood glucose,
but also improves beta cell survival.

Dr. Nissen: Though I'm not a diabetologists, I'll try to play one here. I wonder about using a drug like
pioglitazone in a low dose as an early way of preserving glycemic control for a longer period of time. I guess
I'm wondering whether the 15 mg dose given as the first drug might be useful. The durability is so great,
maybe we're waiting too long to use it.

A (Dr. Ralph DeFronzo [University of Texas Health Sciences Center, San Antonio, TX]): We did an analysis of
Takeda data, and published in Diabetes Care about six years ago. At very low doses (15-30 mg) you actually
have quite potent effects on both beta cell function and preservation over a long period of time, and also major
improvements in insulin sensitivity. I think that one of the things that has been overlooked by
endocrinologists is the powerful effect of TZDs on the beta cell. Quite frankly, several times I actually thought
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I was giving the lecture when I heard you speak. I would agree with everything you said. This issue about
bladder cancer is a joke. You go back to PROactive and you see maybe six or seven more cases of bladder
cancer, but maybe six or seven fewer cases of breast cancer with pioglitazone. Why aren't all women going
back to their senators and demanding for pioglitazone to be used for breast cancer? The French study is a
joke. The raw ratio for bladder cancer was something like 0.82. I don't know what adjustments they made to
get it above 1.2. Every cancer other than bladder cancer decreased; many decreased significantly, and quite
frankly, I think it's a disgrace the other data have not been made public. Even if we look at the Kaiser five-year
interim analysis, there was a background rate of seven cases of bladder cancer per 10,000 patient years in
people who were taking drugs other than pioglitazone. If we took the worst-case scenario, pioglitazone, when
used for 24 months or longer, would have increased it to 10 cases per 10,000 patient years - an extra three
cases. If I go back to PROactive, there was a 16% reduction in heart attack, stroke, and death. What's really
important is the benefit far outweighs the risks, and if we're careful and use low doses, we can also mitigate
weight gain. When we're examining patients, the presence of edema is a good clue as to who will develop heart
failure. Those people respond well to diuretics. Heart failure is really a problem with physicians for not
treating. Weight gain is obviated at low doses. Actually, the more weight you gain, the better improvements
you see in beta cell function, insulin sensitivity, and cardiovascular risk factors. Obviously, I am a strong
believer in pioglitazone. I actually use it as first-line therapy in combination with metformin for all of my
patients. I'm glad you were here to participate in this debate. I agree with everything you said, and I think it's
a great drug. [Audience applause.]

Q: When I listen to you, I have the feeling that both of you are probably correct, yet both are
probably incorrect in some respects. Earlier Cliff Baily gave a talk on the interpretation of
safety signals in clinical trials, and one thing he said was that the difference between a drug
and a poison is in the dose. When I listen to both of you speak, the most important issue here
might be dose. Is it possible that it is impossible to say we need to lower doses for everyone,
but that individuals require different doses?

Dr. Grunberger: Personalizing treatment makes sense, but there is no systematic data looking at individual
sensitivity, so how would you optimize that? There is no assay to use to predict the dose for individual
patients.

Dr. Nissen: What seemed to happen during development of this class of drugs was that we went through an
era when the FDA said, "show us this drug lowers blood sugar, and we'll approve it." Companies developing
TZDs pushed the doses to the brink in order to say "my drug lowers A1c more than yours," and I think we may
have killed some drugs in the process. I'm saying we should move away from that metric and also take into
account cardiovascular benefit. I worry that we lost some opportunities because companies were so focused
on lowering A1c, and maybe low doses of TZDs used earlier, as Dr. DeFronzo pointed out, is a superior
strategy for management.

Q: Would you consider the absence or presence of steatosis a criterion for starting
pioglitazone as second-line therapy?

Dr. Grunberger: If you go back and look at what we published in Endocrine Practice in 2009, there is a page
that looks at the risks and benefits of diabetes therapies - go to AACE.com. We list patient characteristics on
the vertical, and all drug classes on the horizontal axis. Non-alcoholic steatosis is actually listed as a positive
indication for using TZDs. Really, TZDs are the only class of drugs that are insulin sensitizing. If you believe
non-alcoholic steatosis is a consequence of insulin resistance, then TZDs are beneficial. It all goes back to the
individual patient. I just wanted to put something out - now, we have more emphasis on avoiding adverse
events, rather than just safety. The risks of hypoglycemia and weight gain are clearly big concerns. We now
have drugs on the market that did not exist when pioglitazone and rosiglitazone were approved. DPP-4
inhibitors and GLP-1 agonists make it easier for clinicians to come up with different drugs on top of
metformin, and you can avoid this whole nonsense with a lot of noise. As practitioners, it's so much easier to
prescribe incretins than to deal with all these different controversies around using TZDs.

Dr. Nissen: Many family practitioners start their patients on metformin, and then add a DPP-4 inhibitor when
they do not achieve adequate control. And then they stop. And then I see these patients because they already
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have cardiovascular disease, and they still have an A1c of 8%. I think practice has kind of gotten dumbed
down to the point where some physicians only give the drugs that cause the least worry and the least grief.
Unfortunately, you have to think a little more than that sometimes. We are losing the battle here frankly in
part because we have drugs like DPP-4 inhibitors that area really safe drugs, but just aren't that effective. We
can't do it with just that and metformin for many people, but many family docs stop there. I don't think that's
acceptable for patients.

Q: Do you foresee anything changing when pioglitazone goes generic later this year? Do you
think that public will possibly be more motivated to verify how risky the drug actually is when
the drug will be much less expensive than DPP-4s and GLP-1s?

Dr. Nissen: People are still getting sulfonylureas pushed at them pretty hard even though we know they're not
going to work for a long time. We're living in an era of medicine where cost drives insurers to do things that
are not always rational. When pioglitazone goes generic I think it will have additional appeal for some people
that are very cost sensitive. I think it will make a difference.

Oral Sessions: Glucagon and Glucagon-Like Peptides - Animals

THE GLP-1 GASTIN DUAL AGONIST ZP3022 INCREASES BETA-CELL MASS IN DB/DB MICE
(210-OR)

Dorthe Almholt, PhD (Zealand Pharma, Copenhagen, Denmark)

Dr. Almholt presented animal data on Zealand Pharma's GLP-1/gastrin dual agonist, ZP3022, which
contains sequences of endogenous exendin-4 and gastrin-6. The eight-week, stratified study was conducted
in diabetic db/db male mice and compared ZP3022 to vehicle or liraglutide - equimolar doses of liraglutide
and ZP3022 were administered at 2x50 nmol/kg/day. The endpoints included A1c, fasting blood glucose,
and pancreas histology. ZP3022 provided similar reductions in A1c and fasting blood glucose compared to
liraglutide. Notably, while liraglutide and ZP3022 led to a significant increase in beta-cell mass compared
to vehicle at week 4, ZP3022 treatment provided a greater sustained increase at week eight compared to
both vehicle and liraglutide (p<0.001 and p<0.05, respectively). This encouraging finding indicates that
ZP3022 may have additional mechanisms beyond that of beta cell preservation, and could possibly promote
beta-cell regeneration.

▪ ZP3022 is a peptide containing a sequence of endogenous exendin-4 and Gastrin-6.
The peptide is composed of amino acids 1-28 of exendin-4 and the gastrin-6 amino acid sequence,
connected by a linker.

▪ ZP3022 provided similar reductions in A1c and fasting blood glucose compared to
liraglutide. Final A1c levels at week eight were 5.6 ± 0.6% for ZP3022, 5.3 ± 0.4% for liraglutide,
and 7.4 ± 0.5% for vehicle (p<0.001 for ZP3022 and liraglutide vs. vehicle). Notably, at week eight
ZP3022 caused an significant increase in beta cell and islet cell mass compared to both vehicle and
liraglutide (p<0.001 and p<0.05, respectively). These findings indicate that ZP3022 may have
additional mechanisms beyond that of beta cell preservation.

Questions and Answers

Q: How do the receptors targeted in mice compare to those in humans?

A: We have tested the mouse receptors and they are similar to those found in humans

Q: How does ZP3022's action compare to that of current GLP-1 agonists?

A: Given what we have seen regarding the increase in beta cell mass, there is a difference in ZP3022's effect on
the beta cells and we think this is due to gastrin.
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Posters

CLINICAL PROOF OF CONCEPT WITH A PROTOTYPE MTOT MODULATING INSULIN
ENSITIZER (966-P)

Jerry Colca, James VanderLugt, Wade Adams, Joanne Liang, Rong Zhou, David Orloff

Metabolic Solutions Development Company (MSDC) presented 12-week phase 2b clinical data (n=258) for
their lead PPAR-sparing insulin sensitizer MSDC-0160 (an isomer of a pioglitazone metabolite). Overall,
treatment with MSDC-0160 provided comparable improvements in A1c as pioglitazone (placebo adjusted
reductions of -0.79% for 100 mg MSDC-0160, -0.86% for 150 mg, and -0.98% for 45 mg pioglitazone).
However, MSDC-0160 was associated with smaller increases in body weight ( 0.6 kg [1.3 lbs], 1.2 kg [2.6
lbs], and 1.5 kg [3.3 lbs], respectively; p-value not provided) and smaller reductions in circulating red blood
cells (p <0.05) - evidence of less fluid retention. Additionally, increases in adiponectin (a marker of white
adipose tissue) levels were less with MDSC-0160 than with pioglitazone (p <0.0001), suggesting greater
effects of pioglitazone on white adipose tissue. Consistent with this finding, while pioglitazone reduced
circulating triglyceride levels, MSDC-0160 did not. Finally, MSDC-0160 was found to provide similarly
positive impacts on HDL and (to a lesser extent) LDL cholesterol levels as pioglitazone. We note that other
general tolerability and safety data were not provided. Altogether, these findings provide some additional
support for MSDC's hypotheses that: 1) the insulin sensitizing effects of PPAR gamma agonists are not
dependent on activation of PPAR gamma, but rather an inner mitochondrial target (mTOT); and 2) the
activation of PPAR gamma may be responsible (at least in part) for the observed side effects of TZDs (i.e.,
weight gain, fluid retention, and bone loss). We'll be interested to see which dose MSDC chooses to advance
into phase 3 development, and we'll be eager to see longer term efficacy and safety data given that weight
gain and some fluid retention were still observed with the drug. For more detailed information on
MSDC-0160, please see page 104 of our ADA 2011 Full Report at http://www.closeconcerns.com/
knowledgebase/r/54c2cd5d, page 26 of our EASD 2011 Full Report at http://www.closeconcerns.com/
knowledgebase/r/3b0410f4, page 26 of our GTCbio 2011 Full Report at https://closeconcerns.box.com/s/
77d4jps3scd2la48y1vr, and page 53 of our JP Morgan 2011 Full Report at https://closeconcerns.box.com/s/
2x1070txiiau903xtcz6. Additionally, further details regarding mTOT can be found in our coverage of poster
1096-P, "Identification of a Mitochondrial Target of Thiazolidinediones (mTOT)."

▪ The 12-week, randomized, double-blind, phase 2b clinical trial compared three doses
of MSDC-016 (50 mg, 100 mg, and 150 mg), 45 mg of pioglitazone, and placebo in
people with type 2 diabetes (n=258). Baseline characteristics were similar across treatment
groups. Average age ranged from 53 to 56 years, A1c was approximately 8%, FPG ranged from 165 to
178 mg/dl, and weight ranged from 86 kg (189.6 lbs) to 94 kg (207.3 lbs). Of the participants, 80%
had a stable metformin treatment, while 20% were treatment naïve.

▪ The 100 mg and 150 mg doses of MSDC-0160 provided comparable reductions in A1c
as pioglitazone, but with less weight gain and fluid retention. Placebo adjusted mean
reductions in A1c were -0.79% with 100 mg MSDC-0160, -0.86% with 150 mg MSDC-0160, and
-0.98% with pioglitazone; p=ns). Statistically significant reductions from baseline in fasting plasma
glucose were also reported for each of the above doses (placebo adjusted mean reductions were
approximately -19 mg/dl with 100 mg MSDC-0160 [p=0.006], -28 mg/dl with 150 mg MSDC-0160
[p <0.0001], and -30 mg/dl for pioglitazone [p <0.0001]). Weight gain was approximately 0.6 kg
(1.3 lbs) with 100 mg MSDC-0160, 1.2 kg (2.64 lbs) with 150 mg MSDC-0160, and 1.5 kg (3.3 lbs)
with pioglitazone. Fluid retention as evidenced by reduction in hematocrit, red blood cells, and total
hemoglobin was also 50% less in the MSDC-0160 arms.

▪ MSDC-0160 was also associated with lower levels of high molecular weight
adiponectin (a marker of white adipose tissue) than pioglitazone, suggesting that
MSDC-0160 has a smaller effect on white adipose tissue than pioglitazone. Consistent
with this finding, no dose of MSDC-0160 significantly reduced circulating triglycerides (unlike
pioglitazone). Comparable increases in medium HDL and decreases in small HDL were found with
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MSDC-0160 treatment and pioglitazone. While decreases in small LDL and increases in large LDL
were observed MSDC-0160, the effect appeared to be larger with pioglitazone.

12-WEEK TREATMENT WITH GLUCAGON RECEPTOR ANTAGONIST LY2409021
SIGNIFICANTLY LOWERS A1C AND IS WELL TOLERATED IN PATIENTS WITH T2DM
(981-P)

Christof Kazda, Parag Garhyan, Ronan Kelly, Chunxue Shi, Chay Ngee Lim, Haoda Fu, Mark
Deeg

In this double blind, phase 2 study (n=87) of Lilly's glucagon receptor antagonist LY2409021, adults were
randomized to receive placebo (n=10), LY2409021 10 mg (n=17), LY2409021 30 mg (n=34), or LY2409021
60 mg (n=26) once daily. Because a previous clinical study for the drug found dose-dependent increases in
liver transaminases (see page 94 of our ADA 2011 Report at http://bit.ly/sNqPSl), this 12-week study
examined the margin between efficacy and hepatic safety of LY2409021. Therefore, the study excluded
anyone with symptoms of liver disease, diagnosis of hepatitis B or C, or high average alcohol consumption
(>2 units/day in men, >1 unit/day in women). At all doses of LY2409021, participants experienced a greater
reduction in A1c levels (0.83%, 0.65%, 0.66% for 10 mg, 30 mg, and 60 mg, respectively) compared to
placebo (0.11% increase). However, treatment with LY2409021 also produced dose-dependent increases in
glucagon levels and hepatic transaminase levels, which returned to baseline after four weeks of washout.
No signs of liver injury accompanied the hepatic transaminase elevations, and incidences of hypoglycemia
were low across treatment groups. Additionally, no changes in body weight, lipids/triglycerides, and blood
pressure were observed with LY2409021 treatment. Altogether, these results lead the study's investigators
to conclude that the efficacy, safety, and tolerability of LY2409021 supports further clinical development.
We note that elevated hepatic transaminases were also observed with Merck's former glucagon receptor
antagonist MK-0893 (see page 99 of our ADA 2011 Report at http://www.closeconcerns.com/
knowledgebase/r/54c2cd5d), suggesting that the effect might be class related. How clinically relevant this
side effect is with LY2409021 remains unclear, and we look forward to data from longer durations of
exposure in future clinical trials. It is encouraging, however, that increases in weight, lipids, and blood
pressure have not been observed thus far with LY2409021, unlike with MK-0893.

▪ After a one-week single-blind placebo lead-in period, the double blind study
randomized participants into one of four treatment arms for 12 weeks: placebo,
LY2409021 10 mg, LY2409021 30 mg, or LY2409021 60 mg. The average age of
participants was approximately 52 years, with baseline A1c levels of 7.8%, 8.0%, 7.5%, 7.6%, and
7.7% for placebo and LY2409021 10 mg, 30 mg, and 60 mg, respectively. Most participants were
also on metformin therapy (52% to 70% of each arm), and had similar BMIs across treatment groups
(approximately 32 kg/m ). Average duration of diabetes ranged from 3.7 to 5.1 years. Meanwhile,2

average weight ranged from 86.4 (190.5 lbs) to 91.8 kg (202.4 lbs).

▪ In the study's primary endpoint, participants experienced a significantly greater
reduction in A1c levels at all doses of LY2409021 (0.83%, 0.65%, 0.66% for 10 mg, 30
mg, and 60 mg, respectively) compared to placebo (0.11% increase; p <0.03, p <0.04, p
<0.05, respectively). At the 30 mg and 60 mg doses, participants also achieved significantly
greater reductions (p <0.05) in mean fasting plasma glucose compared to placebo at most visits.
Mean change from baseline in self-monitored blood glucose readings were significantly greater (p
<0.05) at week 12 in all treatment groups vs placebo at pre-breakfast, pre-lunch, pre-evening meal,
post-evening meal, and bedtime, but not post-breakfast (with all doses) and post-lunch (30 mg and
60 mg doses).

▪ The study showed dose dependent increases in glucagon levels, which returned to
baseline after the four-week washout period. Compared to placebo, participants on 30 mg or
60 mg doses of LY2409021 experienced statistically significant (p <0.05) increases in mean
glucagon levels at 12 weeks, while those on 10 mg did not show significant changes from placebo.
Dose dependent increases in fasting GLP-1 were observed during the treatment period with all doses
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of LY2409021, but these levels also returned to baseline after four weeks of washout. No significant
changes in active GLP-1 were detected.

▪ Treatment with LY2409021 produced a dose-dependent increase in mean
aminotransferase (ALT) levels. These levels returned to baseline after four weeks of post-
treatment follow-up. One participant in the 10 mg group experienced a significant increase in ALT at
week one (14 U/L to 259 U/L). Treatment was stopped, and ALT levels returned to baseline after
two weeks. Four participants treated with LY2409021 developed ALT levels three times ULN.
However, elevated bilirubin or other signs of liver injury did not accompany these findings.
Furthermore, eight participants experienced a mild hypoglycemic event during the 12-week trial:
three in the 10 mg arm, two in the 30 mg arm, four in the 60 mg arm, and none in the placebo arm.
There were no events of severe hypoglycemia. The proportion of participants experiencing a
treatment emergent adverse event was reported to be similar across all the groups, and there were
no serious treatment emergent adverse events in the trial.

IDENTIFICATION OF A MITOCHONDRIAL TARGET OF THIAZOLIDINEDIONES (MTOT)
(1096-P)

William McDonald, Gregory Cavey, Serena Cole, Danielle Holewa, Angela Brightwell-Conrad,
Cindy Wolfe, Jean Wheeler, Kristin Coulter, Rolf Kletzien, Jerry Colca

Metabolic Solutions Development Company (MSDC) reported the identity of the mitochondrial target of
their PPAR-sparing insulin sensitizers MSDC-0160 and MSDC-0602, previously referred to as mTOT.
MSDC discovered mTOT using a selective, photo-catalyzable affinity probe and mass spectrometry-based
proteomics. mTOT is a component of a phylogenetically conserved complex in the inner mitochondrial
membrane. It contains two proteins, Mpc1 and Mpc2, whose identities and role in mitochondrial pyruvate
uptake were recently published in two papers in Science (Bricker et al., Science 2012; Herzig et al., Science
2012). Overall mTOT acts as a molecular "sensor switch", connecting mitochondrial metabolism to cellular
activities such as carbohydrate, amino acid, and lipid metabolism. MSDC believes that all active TZDs bind
to mTOT, but vary greatly in their activation of PPARgamma. MSDC has hypothesized that anti-diabetic
drugs which target mTOT and avoid PPAR gamma activation may provide similar glycemic benefits as
TZDs, but without the class's associated side effects (i.e., weight gain, fluid retention, bone loss). Further
evidence to support this hypothesis was provided in a phase 2b study reported at this meeting (966-P),
which demonstrated comparable reductions in A1c with MSDC-0160 as with pioglitazone over 12 weeks, but
with less weight gain and fluid retention.

COMPARISON OF EFFICACY AND SAFETY OF CO-ADMINISTRATION OF SITAGLIPTIN AND
LOW-DOSE PIOGLITAZONE WITH HIGH-DOSE PIOGLITAZONE MONOTHERAPY (1068-P)

Vivian Fonseca, Helmut Steinberg, Robert Henry, Bart Staels, Margaret Chou, Rujun Teng,
Gregory Golm, Ronald Langdon, Keith Kaufman, Barry Goldstein

In this double-blind, placebo-controlled trial, Dr. Fonseca and colleagues compared the effects of initial
sitagliptin + pioglitazone (submaximal dose) combination therapy (sitagliptin 100 mg + pioglitazone 15 mg,
30 mg, or 45 mg) with those of higher dose pioglitazone monotherapy (pioglitazone 15 mg, 30 mg, or 45
mg). Participants between 18 and 78 years of age with type 2 diabetes inadequately controlled by diet and
exercise were randomized equally among seven treatment arms (three combination treatment arms, three
pioglitazone monotherapy arms, and one sitagliptin monotherapy arm) At 24 weeks, sitagliptin +
submaximal dose pioglitazone combination therapy had generally better glycemic efficacy (measured by
A1c, fasting plasma glucose, and post-prandial glucose) than maximal doses of pioglitazone monotherapy.
Safety was comparable or better with sitagliptin + pioglitazone combination therapy than with pioglitazone
monotherapy.

▪ This double-blind, placebo-controlled trial randomized patients (n= 1332) equally
among seven treatment arms. Four groups received combination therapy: sitagliptin 100 mg/
pioglitazone 0 mg, 15 mg, 30 mg, or 45 mg (n=186, 193, 190, 198, respectively); Three groups
received pioglitazone monotherapy: pioglitazone 15 mg, 30 mg, or 45 mg (n=183, 194, 188,
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respectively). One group (n=186) received sitagliptin 100 mg monotherapy. Eligible patients were
between 18 and 78 years of age, had type 2 diabetes that was inadequately controlled by diet and
exercise, had A1cs of ≥7.5 and ≤11.0%, and were either drug naïve or on metformin or sulfonylurea
monotherapy at screening. Treatment was conducted for 24 weeks, followed by a 20-week extension.
A patient population (n=283) that had originally been randomized to receive overencapsulated
pioglitazone or matching placebo was excluded from all analyses due to evidence that
overencapsulated and non-overencapsulated pioglitazone were not bioequivalent.

▪ Baseline characteristics were similar across treatment arms. On average, participants
were about 51 years old, had a BMI of 30-31 kg/m , and baseline A1c of 8.7-8.9%. Fewer females2

than males were enrolled in all treatment arms.

▪ Both same-dose and cross-dose comparisons suggest a greater effect of combination
sitagliptin (100 mg) + pioglitazone therapy on glycemic control compared to
pioglitazone monotherapy. As seen in cross-dose comparisons, combination therapy with
sitagliptin and submaximal doses of pioglitazone had generally greater effects on glycemic control
than pioglitazone monotherapy at maximal doses.

Same-dose comparisons

Comparison Δ A1c (%) from
baseline

Δ FPG (mg/dl)
from baseline

Δ 2h postprandial
glucose (mg/dl)
from baseline

sitagliptin + 15 mg pioglitazone

vs.

15 mg pioglitazone alone

-0.7 (p<0.001) -21.6 (p<0.001) -37.8 (p<0.001)

sitagliptin + 30 mg pioglitazone

vs.

30 mg pioglitazone alone

-0.4 (p<0.001) -16.2 (p<0.001) -32.4 (p<0.001)

sitagliptin + 45 mg pioglitazone

vs.

45 mg pioglitazone alone

-0.6 (p<0.001) -14.4 (p=0.002) -27.0 (p<0.001)

Cross-dose comparisons

Comparison Δ A1c (%) from
baseline

Δ FPG (mg/dl)
from baseline

Δ 2h post
prandial glucose
(mg/dl) from
baseline

sitagliptin + 15 mg pioglitazone

vs.

30 mg pioglitazone alone

-0.3 (p=0.008) -10.8 (p=0.018) -16.2 (p=0.029)

sitagliptin + 15 mg pioglitazone

vs.

45 mg pioglitazone alone

-0.3 (p=0.007) -3.6 (p=0.444) -1.8 (p=0.743)

sitagliptin + 30 mg pioglitazone

vs.

-0.4 (p<0.001) -9.0 (p=0.045) -18.0 (p=0.019)
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45 mg pioglitazone alone

▪ No significant differences in hypoglycemia or edema rates were observed in
prespecified between-group comparisons (combination therapy vs. monotherapy at
the same component doses). Overall adverse events were largely balanced among the various
treatment arms. The pioglitazone 45 mg group experienced the highest rate of clinical adverse AEs
(62.8%) whereas the sitagliptin + pioglitazone 45 mg combination therapy experienced the lowest
rate (56.1%). Incidence of asymptomatic and symptomatic hypoglycemia over 54 weeks ranged from
7.8% (sitagliptin + pioglitazone 15 mg combination therapy) to 11.1% (sitagliptin + pioglitazone 45
mg combination therapy). Incidence of edema ranged from 3.0 - 3.2% across the combination
therapy arms, compared to 2.7 - 5.3% in the pioglitazone monotherapy arms and 0.5% in the
sitagliptin monotherapy arm.

PIOGLITAZONE AND BLADDER MALIGNANCY DURING OBSERVATIONAL
OBSERVATIONAL FOLLOW-UP OF PROACTIVE: 6-YEAR UPDATE (928-P)

E Erdmann, E Song, R Spanheimer, A-R Van Troostenburg, A Perez

As a reminder, in the PROspective pioglitazone Clinical Trial in macroVascluar Events (PROactive) trial,
there was an imbalance in the incidence of bladder cancer in the pioglitazone and placebo arms,
warranting follow-up studies to further characterize the potential risk. The results of this pre-specified six-
year interim analysis of the PROactive trial demonstrated that pioglitazone did not increase the risk of
bladder cancer or other malignancies. Specifically, patients previously on pioglitazone in the double-blind
period of PROactive (n=1,820; mean exposure of 2.5 years) did not have a significantly increased risk of
bladder cancer compared to patients previously on placebo (n=1,779) after six years of follow-up (HR=1.06;
95% CI: 0.59-1.89). We find these data to be encouraging, and hope that longer-term analyses from the
10-year Kaiser Permanente Northern California (KPNC) epidemiological study will further substantiate
pioglitazone's safety (at ADA 2012, Dr. Steve Nissen [Cleveland Clinic, Cleveland, OH] stated that eight-year
results from the KPNC study showed no increased risk for bladder cancer with pioglitazone; however, we
could not confirm this information). Regardless, even if pioglitazone is found to increase bladder cancer
risk, the absolute risk would be low; the benefits of the drugs use may well outweigh the risks for a sizable
subset of the population, given that the drug is such a potent insulin sensitizer and has a durable effect. That
being said, older women at high risk for osteoporosis and patients with low ejection fractions should not
take pioglitazone, in order to mitigate the risks of bone fractures and heart failure - two proven safety issues
with thiazolidinediones.

ADA Diabetes Care Symposium

BETA CELL FUNCTION PRESERVATION AFTER 3-5 YEARS OF INTENSIVE DIABETES
THERAPY

Ildiko Lingvay, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Lingvay discussed the 3.5-year results of a study comparing the preservation of beta cell function with
insulin + metformin (INS) treatment versus triple oral therapy (TOT; glyburide, metformin, pioglitazone)
in treatment-naïve patients with newly diagnosed type 2 diabetes. Following a three-month run-in period,
patients in the INS and TOT arms achieved average A1cs of 6.0% and 5.9% and weights of 102 kg (224 lbs)
and 101 kg (222 lbs), respectively, and sustained glycemic control out to 3.5 years regardless of treatment.
Beta cell function (as assessed by C-peptide divided by glucose AUC) remained stable in both groups over
3.5 years. Meanwhile, patients in both arms gained weight - an average of ~4 kg (~9 lbs) in the INS arm,
and ~10 kg (~22 lbs) in the TOT arm. Dr. Lingvay concluded that that based on the results of this study,
beta-cell function can be preserved for at least 3.5 years after diagnosis of type 2 diabetes if intensive
therapy is initiated early. She championed early pharmacological intervention to achieve glycemic
normalization rapidly after diagnosis, and voiced strong support for combination treatment with
complementary mechanisms of action to maintain glycemic control in the long term.
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▪ Following a three-month run-in period on insulin and metformin treatment, patients
were randomized to insulin + metformin (INS; n=29) or triple oral therapy (TOT;
n=29) treatment. At the time of screening, participants had to be newly diagnosed
(within two months) with type 2 diabetes, and treatment naïve. In the INS group, Novolog
70/30 was initiated at 0.2 U/kg (split 2/3 before breakfast and 1/3 before dinner), and titrated as
appropriate throughout the study based on home capillary glucose monitoring; metformin was
initiated at 500 mg daily and titrated up by 500 mg every week until the maximum dose of 1,000 mg
twice daily was reached. In the TOT group, glyburide was initiated at 1.25 mg twice daily and titrated
as needed up to the maximum dose of 5.0 mg twice daily, metformin was administered at the 1,000
mg twice daily dose (or the maximally tolerated dose), and pioglitazone was initiated at 15 mg daily
and titrated monthly by 15 mg until the maximum dose of 45 mg was attained. Treatment failure
was defined as A1c >8%, confirmed by repeat measurement after titrating to the maximum doses of
all therapies. Following treatment failure with TOT, patients were switched to INS; meanwhile,
patients who failed INS continued insulin therapy, but had the option to change the type or
frequency of insulin treatment. Treatment failures were included in the ITT analysis for this study.

▪ Dr. Lingvay highlighted several limitations of the study: 1) while 3.5 years is a long time for
a randomized study, it is still only a small fraction of the diabetes disease course (six-year results will
be available shortly); 2) there was no conventional treatment group; and 3) the effects in the run-in
period could not be separated from those in the treatment period. She noted that this study was
designed before incretin therapies are available, so the therapies are no longer as relevant (especially
given the recent decrease in the popularity of pioglitazone).

Questions and Answers

Q: Was baseline A1c predictive of treatment failure?

A: Few patients failed treatment (A1c >8%); baseline A1c did not predict ultimate treatment failure. At the
time of randomization, everyone had tight glycemic control. Even at the end of the study, 70% of patients
were still within ADA guidelines. What predicted it was the presence of side effects to drugs like pioglitazone;
those who experienced side effects were more likely to have treatment failure.

Comment: You reported hypoglycemia as events per patient month. While one event sounds
minor, it equates to about 12 per patient year. I think it is OK to be aggressive, but we need to
be cautious about safety as well.

A: We defined hypoglycemia very conservatively, so most of the events were in the 65-70 mg/dl range.

Comment: It's nice to do an ITT analysis, but once you had patients switch treatment, you need
to censor the data.

A: When we censored the data, there was no significant difference between the groups. I would argue that
patients who switched from triple oral therapy to insulin after treatment failure actually improved A1c quite
significantly, so the fact that we left them in their original arm for analysis favored the triple oral therapy
group. If we moved them to the insulin group, there might have been a difference, but because we left them in
their original assigned group, there was no difference between groups.

Q: When you started people on triple oral therapy, were patients started at the maximum
doses for each drug, or were they titrated depending on fingerstick readings?

A: We started patients on 15 mg pioglitazone, and increased the dose by 15 mg each month for the next two
months, until patients reached the max 45 mg dose. Patients were already on the maximum dose of
metformin when they entered the study, so they stayed at that dose. Glyburide was the only drug that was
titrated in the study, from 1.25 mg twice a day, up to the maximum dose of 5.0 mg per day as appropriate.
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Product Theater

DISCUSSIONS AND INSIGHTS INTO THE BENEFITS AND RISKS ASSOCIATED WITH ACTOS
THERAPY FOR TYPE 2 DIABETES

Robert Busch, MD (The Endocrine Group, LLP, Albany, NY)

Dr. Busch reviewed the benefit and risks of pioglitazone, emphasizing on several occasions that even though
the increased relative risk of bladder cancer with pioglitazone sounds concerning, the absolute risk of
bladder cancer with pioglitazone treatment is very low. Specifically, while pioglitazone use for over 12
months in duration was associated with a 40% increased relative risk of bladder cancer in the five-year
interim analysis of the Kaiser Permanente Northern California (KPNC) database, in absolute terms, that
risk would translate into an additional three cases of bladder cancer per 10,000 patient years (from a
background rate of seven cases per 10,000 patient years in people with diabetes). Dr. Busch noted that the
FDA package insert is very specific in saying that pioglitazone only should not be used in patients with
active bladder cancer, or a history of bladder cancer. Dr. Bosch highlighted the benefits of pioglitazone -
strong A1c-lowering efficacy (up there with GLP-1 agonists and sulfonylureas), strong insulin-sensitizing
effects, durability of effect, improvements in lipids (lower triglycerides and higher HDL), and low risk of
hypoglycemia. In terms of side effects, Dr. Bosch mentioned that pioglitazone does cause weight gain,
edema, and bone fractures. In closing, he told the audience to stay tuned for the upcoming release of an
eight-year interim analysis from the KPNC database, which he hinted would have more favorable data on
bladder cancer and bone fractures with pioglitazone treatment.

Novel Drug Development

Oral Session: Novel Agents for Diabetes Management

TARGETING INSULIN RESISTANCE VIA THE IMMUNE MODULATION OF CORD BLOOD-
DERIVED MULTIPOTENT STEM CELLS BY THE STEM CELL EDUCATOR THERAPY (287-OR)

Yong Zhao, MD, PhD (University of Illinois at Chicago, Chicago, IL)

Dr. Zhao presented the results from an open-label phase 1/2 study that examined the safety and efficacy of
the Stem Cell Educator therapy in people with type 2 diabetes (n=25). The Stem Cell Educator circulates a
patient's blood through a closed loop device that separates lymphocytes from whole blood, co-cultures the
lymphocytes with human cord blood-derived multipotent stem cells (which are believed to modulate
immune responses), and returns the lymphocytes to the patient. Dr. Zhao indicated that the procedure
duration was approximately eight hours. At baseline, average A1c was 8.5%, age was 50 years, and
duration of diabetes was nine years. Following a single treatment with the Stem Cell Educator, A1c was
statistically significantly reduced at week four (-0.6%; p=0.022) and at week 12 (-1.4%; p<0.0001).
Furthermore, more than 80% of participants treated with the Stem Cell Educator achieved an A1c <7.0% at
week 12. Measures of both insulin resistance (HOMA-IR) and beta cell function (HOMA-B) were statistically
significantly improved at week 12, as was AUC glucose following an OGTT. Although detailed safety data
were not provided, Dr. Zhao indicated that the therapy was found to be very safe overall. We note that
positive results from a phase 1/2 study in people with type 1 diabetes were published for the Stem Cell
Educator therapy in January (Zhao et al., BMC Medicine 2012). Overall, this study demonstrated that single
administration of the therapy could significantly improve A1c and C-peptide levels in both individuals with
residual beta cell function and without residual beta cell function.

Questions and Answers

Q: Is there any introduction or transfer of the stem cells to patients?

A: No, there is no transfer. Both flow cytometry results and examinations of the device following treatment
have suggested that the stem cells remain adherent to the bottom of the device.
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GKM-001, A LIVER-DIRECTED/PANCREAS-SPARING GLUCOKINASE MODULATOR (GKM),
LOWERS FASTING AND POST-PRANDIAL GLUCOSE WITHOUT HYPOGLYCEMIA IN TYPE 2
DIABETIC (T2D) PATIENTS (293-OR)

Rashmi Barbhaiya, PhD (Advinus Therapeutics, Bangalore, India)

Dr. Barbhaiya reported results from a multiple ascending dose study for Advinus Therapeutics liver selective
glucokinase activator GKM-001. As a reminder, this 14-day study randomized 60 people with type 2 diabetes
to receive GKM-001 (ranging from 25 mg to 1000 mg) or placebo. At baseline, mean A1c was 9.0%, FPG was
176 mg/dl, and BMI was 26 kg/m2. Topline data reported in December showed that GKM-001 was effective at
lower glucose levels across all doses tested without any incidence of hypoglycemia or other clinically relevant
adverse events (for more details, see the December 15, 2011 Closer Look at http://bit.ly/JEGayT. In his
presentation, Dr. Barbhaiya highlighted that treatment with GKM-001 provided: 1) dose dependent and
significantly greater reductions in FPG, glucose excursions to a mixed-meal tolerance test, and 24-hours
glucose over placebo. More specifically, the reductions in mean plasma glucose achieved were 9% with the 25
mg dose, 20% with the 1000 mg dose, and no change with placebo. Furthermore, Dr. Barbhaiya indicated that
C-peptide responses to mixed-meal and oral glucose tolerance tests remained constant throughout the study
in all GKM-001 treated arms, suggesting no activation of pancreatic glucokinase and induction of insulin
secretion with the candidate therapy. On safety, Dr. Barbhaiya stated that no hypoglycemia, changes in liver
transaminases, or changes in triglycerides were observed at any dose of GKM-001. Finally, regarding
pharmacokinetics, he revealed that GKM-001 had a long half-life (~ 21 hours), that it was eliminated through
both feces (75%) and the urine (25%), and that there were no food effects. Dr. Barbhaiya concluded by noting
that a phase 2b study was currently in preparation, that Advinus would make a go/no go decision on global
phase 3 development following the completion of phase 2 development in India, and that Advinus would seek
a development and commercialization partner in the US and EU if GKM-001 progressed into phase 3
development.

Questions and Answers

Q: Did you measure body weight?

A: There was no change, but the study was only 14 weeks in duration.

Q: Glucokinase is also expressed in the hypothalamus. Was their any brain exposure?

A: The blood to brain ratio is very small. The brain concentration is vey small. I don't have the exact
concentration, but it can be defined as poor.

Q: Were there any changes to lactate or LDL?

A: There were no changes.

Symposium: Glucagon - Renaissance of an Old Hormone

HYPERGLUCAGONEMIA: THE UNTREATED HALF OF TYPE 1 DIABETES

Roger Unger, MD (University of Texas Southwestern, Dallas, TX)

Using data from preclinical studies conducted in his lab, Dr. Unger (who was unable to attend the meeting
and had to call in remotely) provided a compelling argument for the need to target glucagon suppression in
the management of type 1 diabetes. In particular, he demonstrated that leptin (a known glucagon
suppressor) administration alongside insulin therapy in a mouse model of type 1 diabetes normalized
glucose levels and eliminated glycemic variability. Additionally, glucagon receptor knockout mice exhibited
normoglycemia, even after exposure to streptozotocin, and only developed elevated blood glucose upon
introduction of glucagon receptors via an adenovirus containing glucagon receptor cDNA. Based on these
findings, Dr. Unger concluded that type 1 diabetes, at least in mice, cannot exist without glucagon,
suggesting that glucagon suppression in addition to insulin therapy should form a core part of type 1
diabetes treatment. He foreshadowed that GABA (an oral agent that suppresses glucagon) could become the
first oral treatment for type 1 diabetes.
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Questions and Answers

Q: How does glucose get taken up by cells and metabolism restored to normal without both
insulin and glucagon?

A: We are currently studying that. In mice, we performed OGTTs and used 13-C labeled glucose and mass
spectrometry to trace glucose in the body. Again, this is ongoing work. What we do know is that glucose ends
up being stored in the liver as glycogen. However, it is made from a three-carbon chain precursor. Where
those precursors come from we don't know yet. Our hypothesis is that the glucose is getting into the liver
without insulin. Once it is in there, it is getting chopped up into three-carbon fragments. From there, it gets
transformed into glycogen. Perhaps in the absence of glucagon, you don't need insulin. That is our hunch. Our
work will tell us whether that is correct.

Q: Hormone independent transport of glucose plays a larger role in rodents than in humans.
Do you have any studies planned that will examine this in humans?

A: I don't see how we can study this concept in humans besides suppressing glucagon action and stropping
insulin treatment. I don't think we'd ever get permission to do that study.

Q: In some humans, glucagon secretin is lost alongside insulin secretion. Those patients,
however, develop diabetes. How does this fit in with your theory?

A: Studies have suggested that alpha cells also exist in the fundus of the stomach. In these individuals, if they
are using insulin therapy, you will not detect glucagon release from these cells until insulin treatment is
stopped. If you stop insulin treatment, you will see glucagon.

FUTURE OF PHARMACOMODULATION OF THE GLUCAGON RECEPTOR IN DIABETES
THERAPY

Jens Holst, MD, PhD (University of Copenhagen, Copenhagen, Denmark)

Dr. Holst provided a broad overview of the data supporting the use of glucagon pharmacomodulation in the
treatment of type 2 diabetes, expressing concern over the side effects associated with glucagon receptor
antagonists and optimism for glucagon secretion suppressants and glucagon receptor agonists.

▪ With regard to glucagon receptor antagonism, Dr. Holst highlighted data for two
small molecule glucagon receptor antagonists presented at ADA 2011, Merck's
MK-0893 and Eli Lilly's LY2409021. He noted that while providing robust glycemic control,
one or both of the candidates were associated with a delay in hypoglycemia recovery and increases in
LDL, hepatic transaminases, and weight, all of which he found concerning and problematic if they
turned out to be class effects. (For our coverage of these results, please see pages 94 and 99 of our
ADA 2011 Report at http://www.closeconcerns.com/knowledgebase/r/54c2cd5d). Notably, during
Q&A, a representative from Eli Lilly remarked that data would be presented later at the meeting for
LY2409021 demonstrating no associated delay in hypoglycemia recovery or increases in LDL or
weight with treatment (981-P, 1002-P).

▪ Turning to the suppression of glucagon secretion as a treatment strategy, Dr. Holst
demonstrated that the glucose lowering effect of GLP-1 is equally attributed to insulin
secretion stimulation and glucagon secretion suppression. Because of the positive safety
profile, weight effects, and lipid effects of GLP-1 receptor agonists, he believed that glucagon
secretion suppression could form an attractive alternative to glucagon receptor antagonism for the
treatment of type 2 diabetes.

▪ To close his presentation, Dr. Holst highlighted the promise held by glucagon receptor
agonism for the treatment of type 2 diabetes. In particular, he pointed to a study in DIO mice
in which treatment with a dual GLP-1/glucagon receptor agonist led to superior weight loss, lipid
lowering activity, and similar blood glucose lowering activity as a GLP-1 receptor agonist (Pocai et
al., Diabetes 2009). Citing other preclinical studies as well as data from a small infusion study in
healthy volunteers, he suggested that the weight loss effects of glucagon agonism may be due to both
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decreased food intake and increased resting energy expenditure. We note that several companies are
currently developed dual GLP-1/glucagon receptor agonists, including Transition/Eli Lilly (TT-401;
phase 1) and Zealand Pharma/BI (ZP2929; preclinical).

LEPTIN THERAPY IN TYPE 2 DIABETES

Bethany Cummings, PhD (University of California - Davis, Davis, CA)

After discussing studies in which leptin therapy ameliorated hyperglycemia in type 1 diabetes in mouse
models, Dr. Cummings explored the potential of leptin therapy in type 2 diabetes in UCD-T2DM mice, and
in closing briefly touched on its potential clinical applications. In UCD-T2DM mice, exogenous leptin
administration normalized fasting plasma glucose by: 1) decreasing circulating glucagon concentrations,
likely leading to decreased hepatic glucose production; 2) improving lipid metabolism; and 3) improving
insulin sensitivity, likely mediated by decreases of endoplasmic reticulum stress signaling. Dr. Cummings
noted that while a clinical study showed no significant improvement in insulin sensitivity with leptin
therapy for obese subjects recently diagnosed with type 2 diabetes, the therapy could perhaps be useful in
combination therapy. She briefly flashed clinical data for pramlintide/metreleptin as an example of
potential combination therapy; we note that while the efficacy of the combination is compelling, Amylin/
Takeda discontinued development of the drug in 2011 (see our August 25, 2011 Closer Look at
https://closeconcerns.box.net/shared/azb2tcvjsma4z9tvli4q). Looking ahead, we would really love to hear
researchers explore the potential use of leptin for weight maintenance…

Basic Science

Banting Lecture

TRANSCRIPTIONAL CONTROL OF ADIPOGENESIS - TOWARD A NEW GENERATION OF
THERAPEUTICS FOR METABOLIC DISEASE

Bruce Spiegelman, PhD (Harvard Medical School, Boston, MA)

In this year's Banting Lecture, Dr. Spiegelman delivered a fascinating presentation on the work conducted
by his lab to elucidate the biology of brown fat regulation and to develop brown-fat based therapeutics for
the treatment of metabolic disease. After describing the different functions of brown and white fat in the
body, Dr. Spiegelman reviewed a series of in vitro, animal, and human studies that demonstrated that: 1) a
distinct form of UCP-1 expressing thermogenic adipocytes from classical brown fat exists in rodents (which
he termed beige fat); 2) increased beige fat in rodents improves glucose intolerance; and 3) beige fat exists
in humans and appears to be the predominant thermogenic adipocyte in adults. Backtracking momentarily,
he highlighted results from mice studies linking the expression of the transcriptional co-activator
PCG1-alpha to beneficial effects associated with exercise (i.e., mitochondrial biogenesis, prevention of
muscle atrophy). Interestingly, he showed that increased expression of PCG1-alpha in the muscle of
transgenic mice led to the browning of white fat into beige fat. Subsequently, his lab discovered that a
secreted moiety (which was named irisin) cleaved from FNDC5 (a protein whose expression was induced by
PCG1-alpha) was responsible for this browning. To examine the in vivo effects of irisin, an adenovirus
containing FNDC5 was injected intravenously into mice, which resulted in increased expression of UCP-1 in
subcutaneous fat and an improvement in glucose homeostasis. Dr. Spiegelman next demonstrated that the
major effect of irisin was the promotion of beige fat precursor cell maturation rather than the
transdifferentiation of white fat into beige fat. Finally, he concluded by discussing the development an FC-
fusion irisin therapeutic in his lab that was shown to have a half-life of nine days and the ability (with a
single injection) to reduce fasting glucose and insulin levels in HDF mice. He stressed, however, that the
drug was yet not optimized and not nearly ready for clinical development - although it could serve as a
useful research tool. We note that Ember Therapeutics in-licensed irisin from the Dana-Farber Cancer
Institute earlier this year. For more information on Ember, please see the December 22, 2011 Closer Look at
http://www.closeconcerns.com/knowledgebase/r/eab057ba.

▪ Dr. Spiegelman opened his presentation with a brief description of the differences
between white adipose tissue and brown adipose tissue. White adipose tissue stores energy
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in a single lipid droplet, has relatively low mitochondrial content, expresses no uncoupling protein-1
(UCP-1), and is pro-inflammatory in the context of obesity. He noted that PPAR gamma has been
identified as a key regulator of white adipose tissue development. In contrast, Dr. Spiegelman
explained that brown adipose tissue plays an anti-obesity, anti-diabetes, and anti-hyperthermia role
in most mammals, including humans. Through high mitochondrial content and the expression of
the mitochondrial protein UCP-1, brown adipose tissue is capable of dissipating chemical energy
content in the form of heat. Several key regulators of brown fat development have been discovered
to date, including PPAR gamma, PGC1 alpha, PCG1 beta, and PRDM16.

▪ Dr. Spiegelman highlighted that the presence of brown fat in adult humans was
"rediscovered" through the work of PET imaging in the field of oncology. When PET
imaging was used alongside radioactive glucose to detect metastases, a ring of symmetric hot spots
of glucose uptake were frequently observed that did not appear to be metastatic tumors. These hot
spots were particularly apparent following exposures to cooler temperatures. Open biopsies were
performed on several individuals, and these hot spots were identified as areas of brown adipose
tissue. Based on these findings, Dr. Spiegelman remarked that most individuals likely had some
stores of brown adipose tissue in their bodies. He indicated that major questions facing the scientific
community today include: 1) what role does brown adipose tissue play in overall energy balance, and
2) are there ways in which to increase the amount and/or function of brown adipose tissue in the
body?

▪ Brown adipose tissue is derived from a separate lineage than white adipose tissue. Dr.
Spiegelman detailed results from his lab that demonstrated that suppression of the protein PRDM16
transformed primary cultures of brown adipose tissue into muscle tissue. Furthermore, driving the
expression of PRDM16 in muscle tissue resulted in the formation of brown adipose tissue.
Altogether, these results demonstrated not only that PRDM16 is a key regulator of brown adipose
development, but that brown adipose is derived from the same lineage as muscle, not white adipose
tissue.

▪ There are two separate types of brown adipose tissue in the body (classical brown fat
and beige fat), and beige fat helps improve the metabolic health of animals. Following
the work above, studies in his lab noted that pockets of brown fat still emerged in white adipose
tissue under conditions of extreme cold or extreme beta-adrenergic signaling. These results
suggested that a separate type of thermogenic, UCP-1 expressing adipose type existed that shared
the same lineage as white adipose tissue. In a separate experiment, the transgenic expression of
PRDM16 in mice adipose tissue resulted in increased formation of beige fat in white fat tissue stores.
Classical brown fat stores were not altered. In comparison to high-fat fed control mice, these
transgenic mice exhibited significant improvements in glucose AUC following a glucose challenge.

▪ PGC-1 alpha may help regulate the benefits of exercise in mammals. PGC-1 alpha is a
transcriptional activator that is found in higher levels in brown fat and red oxidative muscle. Its
expression is increased during exercise in rodents, mice, and humans. In muscle, PCG-1 alpha
stimulates mitochondrial biogenesis, glucose uptake, neuromuscular junction formation,
angiogenesis, muscle fiber type switching, and fatting acid oxidation - many of the benefits
associated with exercise. Most strikingly, expression of PGC-1 alpha prevented muscle atrophy in
mice unable to move following the severing of their sciatic nerve. Thus, by expressing PGC-1 alpha in
cultured muscle tissue, Dr. Spiegelman noted that an experimental system could be created (at least
to some extent) in a petri dish to study the molecular mechanisms underlying exercise.

▪ The beneficial effects of PGC-1 alpha on adipose tissue are imparted by the action of
the hormone Irisin. Intriguingly, the expression of PGC-1 alpha in the muscle of transgenic mice
led to increased levels of beige fat in white adipose tissue stores. Through a series of experiments,
Dr. Spiegelman's lab identified a secreted soluble molecule (which they named Irisin) that is cleaved
off the muscular transmembrane protein Fndc5 that appeared to be responsible for this "beigeing"
of white fat. Of note, Irisin is nearly 100% identical between different mammalian species, indicating
a high-degree conservation and restriction in molecular changes to the compound. This compares to
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85% homology in insulin and 90% homology in glucagon between humans and mice. Irisin was
found to circulate in both mice and humans, and the levels of circulating Irisin increases with
exercise.

▪ Elevated Irisin levels were associated with improvements in glucose homeostasis. An
adenovirus vector expressing full length Fndc5 was injected into the tail vein of mice. After uptake
and expression of the vector in the liver, circulating levels of Irisin increased two- to three-fold at 10
days following the injection. Subsequently, increased patches of UCP-1 expressing cells were
detected in the subcutaneous fat of these mice, suggesting a "beigeing" effect. In high-fat fed obese
mice transfected with this vector, significant improvements in fasting plasma glucose and glucose
tolerance were observed, indicating that even modest elevations in Irisin can have positive effects on
glucose homeostasis.

▪ Dr. Spiegelman pondered what other therapeutic benefits Irisin may provide beyond
its impact on adipose tissue. He noted that exercise also impacts the brain, the liver, and
skeletal muscle. Focusing on the brain, he highlighted that exercise helps induce neurogenesis and
has been shown to benefit individuals with Parkinson's disease and Alzheimer's disease. Thus, Dr.
Spiegelman was particularly excited about the potential applications of Irisin or other similar
compounds as a treatment for neurodegenerative diseases, especially given that many individuals
with neurodegenerative diseases are unable to effectively exercise. Similarly, he believed that the
opportunity to impart the benefits of exercise through a drug would also provide substantial benefit
to individuals with morbid obesity and paraplegia.

▪ Dr. Spiegelman detailed the work of his lab to develop an Irisin-based therapeutic for
the treatment of metabolic disease. In particular, his lab fused the Fc fragment of
immunoglobulin to the N-terminus of Irisin to enhance the hormone's stability. When cultured
murine adipose cells were exposed to this compound, a significant upregulation in UCP-1 was
observed. The half-life of the compound in the blood of mice was notable nine days, and a single
injection in high-fat fed mice led to a significantly increased expression of UCP-1 as well as
significant improvements in fasting glucose and fasting insulin. Dr. Spiegelman stressed, however,
that this was a proof of concept molecule and that it was not close to human use.

▪ Dr. Spiegelman discussed other work in his lab aimed at isolating and characterizing
beige adipose cells. Clonal cell lines were derived from the stromal vascular faction of murine
subcutaneous adipose tissue, 23 of which underwent adipose differentiation. After analyzing the
gene expression in these cell lines, the lines were clustered and were found to fall into two separate
groups. One of these groups clustered more closely to classical brown adipose cells, which were
cloned separately. Dr. Spiegelman's group believed that these cell lines represented precursors to
beige adipose cells, and the other group of cell lines (the ones that did not cluster as closely to
classical brown adipose cells) represented precursors to white adipose cells. Interestingly, it was
demonstrated that the beige precursor cells only began to express UCP-1 and other markers
characteristic of brown adipose tissue when stimulated with cAMP (a thermogenic stimulus). Prior
to cAMP exposure, the beige cells largely resembled the white adipose cells. These results suggested
that beige adipose cells or their precursors could hide in a white adipose tissue like state, but could
rapidly be converted into thermogenic cells when exposed to the proper stimulus.

▪ Returning to the PET scan findings discussed at the beginning of his lecture, Dr.
Spiegelman reviewed work conducted by his lab and others to show that these
identified pockets of thermogenic adipose tissue were actually beige adipose cells.
Biopsy samples from patients were obtained the PET scan detected hot spot areas. Unambiguously,
it was shown that these adipocytes expressed beige adipocyte specific markers (CD137, Tmem26,
Tbx1) previously identified in mice beige adipocytes, but none of the classical brown adipocyte
specific markers (Ebf3, Eva1, Fbxo31). These results suggested that the predominant thermogenic
adipocyte type present in adult humans is beige fat, not brown fat. Additionally, the findings
provided evidence that adult human beige fat closely resembles murine beige fat, making murine
beige fat a useful model with which to explore the biology of human beige fat. Dr. Spiegelman
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expressed great optimism that information from such studies in the coming decades would lead to
the development of brown/beige fat-based therapeutics for diabetes prevention and/or treatment.
He noted that that Irisin was a nice first candidate, but unlikely the only candidate that will emerge.

▪ Finally, Dr. Spiegelman demonstrated that Irisin acts to induce the activation of beige
adipocyte precursors into thermogenic beige adipocytes rather than convert white
adipocytes into beige adipocytes. Using CD137 as a marker of beige preadipocytes, mouse white
preadipocytes (low CD137) and beige preadipocytes (high CD137) were sorted. When the Fc-fused
Irisin molecule was applied to the white preadipocytes, no effect was observed. In comparison, Irisin
induced a markedly increased expression of UCP-1 and other markers of thermogenic adipocytes
(Cox8b, Prdm16) in the beige preadipocytes. Thus, Irisin does not appear to cause
transdifferentiation of white adipocytes, but rather encourages beige adipocyte precursor cells to
mature down a preordained pathway.

Current Issues: Perspectives on Mitochondira Dysfunction in Insulin Resistance

MITOCHONDRIAL DEFICIENCY IS ASSOCIATED WITH INSULIN RESISTANCE

Bret Goodpaster, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. Goodpaster took an evidence-based, chronological approach to supporting his claim that mitochondrial
deficiency promotes insulin resistance. He opened by noting three points: 1) it is important to think about
mitochondria based on their role as mediators of oxidative stress; 2) there are multiple modes of insulin
resistance, which can develop through different pathways; and 3) evidence must be translatable to humans.
Dr. Goodpaster mentioned early data showing that people with type 2 diabetes exhibit impaired fatty acid
oxidation.. He emphasized the uncertainty in whether this impairment was due to suppressed oxidative
activity or a change in preferred substrates to be oxidized. Dr. Goodpaster then reviewed subsequent studies
that found that mitochondrial oxidation activity declines in people with obesity and is especially reduced in
patients with type 2 diabetes. Notably, the combination of weight loss and exercise has been found to
improve both mitochondrial oxidation capacity and insulin sensitivity in people with type 2 diabetes.
Further data show that in obese people, increased mitochondria oxidation is the strongest predictor for
improved insulin sensitivity. During the final portion of his presentation, Dr. Goodpaster explained the
possible role of oxidative stress as a potential mechanism for how mitochondrial oxidative activity
influences insulin resistance. In rodents, a high fat diet increases oxidative stress, which was linked to
insulin resistance. Furthermore, antioxidant activity was associated with improved glucose uptake and
mitochondria oxidase activity. Dr. Goodpaster concluded his talk by noting that mitochondrial deficiency
may represent one of the several pathways which drive insulin resistance.

Questions and Answers

Q: It is tempting to think that coupled respiration is most important. What is known about
uncoupled respiration or the proton leak? Does greater mitochondrial mass increase leak?

A: I don't have an answer; we are looking into that right now. I think there is a difference in mitochondrial
coupling that could be very important

Q: Is there any causal relationship between abnormal mitochondria causing insulin
resistance?

A: In some instances I would say yes, data supports this relationship.

Q: There are papers describing how metformin might impair mitochondrial function; can you
comment on insulin signaling in the liver?

A: I can't comment on insulin signaling in the liver.

Q: Exercise will increase whole-body metabolism. Can exercise enhance beta cell function?

A: The real question is whether exercise can have systemic effects. Even the brain mitochondria increase with
exercise, in addition to muscle mitochondria.
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MITOCHONDRIAL DEFICIENCY DOES NOT MEDIATE INSULIN RESISTANCE

John Holloszy, MD (Washington University School of Medicine, St. Louis, MO)

Taking the opposing view to Dr. Goodpaster, Dr. Holloszy argued that mitochondrial deficiency does not
mediate insulin resistance. During his presentation, Dr. Goodpaster argued that the reduction in oxidation
of fatty acids due to a deficiency of mitochondria is hypothesized to cause insulin resistance. In response, Dr.
Holloszy referenced papers which show that a reduction in muscle mitochondria concentration neither
precedes nor causes the development of insulin resistance, and that the muscles of type 2 diabetes patients
do not oxidize less fat than those of people without diabetes. He concluded with the controversial statement,
"people should stop wasting money on this" because the hypothesis is "nonsensical." The audiences' opinions
on this topic started off as being roughly evenly split, and ended up slightly in Dr. Holloszy's favor. The issue
is still far from clear, however, and most audience members raised their hands when asked whether they
were "totally confused."

▪ According to Dr. Holloszy, Dr. David Kelley's report (Kelley et al., Diabetes, 2002) that
the muscles of patients with type 2 diabetes contain fewer mitochondria than those of
healthy individuals ignited interest in the relationship between mitochondrial
deficiency and insulin resistance. It led to the hypothesis that mitochondrial deficiency
reduces the oxidation of fatty acids in muscles, leading to increased insulin resistance. This theory
was corroborated by subsequent studies which found that insulin resistant obese individuals and
patients with type 2 diabetes have a roughly 30% reduction in mitochondria compared to people
without insulin resistance.

▪ Dr. Holloszy warned that correlation does not imply causality. For the hypothesis to hold
true, the mitochondrial deficiency should result in decreased fatty acid oxidation in the muscle and
should precede and lead to insulin resistance.. Such outcomes are difficult to measure in humans
because insulin resistance develops years before a clinical diagnosis. However, Dr. Holloszy noted
that rodent models are viable tools for evaluating the hypothesis, since rodents on high fat diets
predictably develop obesity and insulin resistance in a laboratory setting.

▪ Dr. Holloszy cited numerous studies that found that mitochondrial deficiency does
not precede insulin resistance. According to the rodent models of Turner (Diabetes, 2006) and
Hancock (PNAS, 2008), a high fat diet increases, rather than decreases, muscle mitochondria while
causing insulin resistance. Furthermore, Garcia-Roves (PNAS, 2007) found that raising the free
fatty acid concentration in rodent muscles through direct injection also increased mitochondrial
concentration. Dr. Holloszy agreed with Dr. Gracia-Roves' proposed mechanism for this effect - that
free fatty acids lead to increased PPARδ binding to the carnitine palmitoyltransferase 1 promoter,
which increases mitochondrial biogenesis.

▪ Dr. Holloszy then argued that mitochondrial deficiency does not lead to insulin
resistance. Addressing the hypothesis that mitochondrial deficiency causes insulin resistance
through decreased oxidation of fatty acids, Dr. Holloszy explained that the 30% decrease in
mitochondria concentration found in type 2 diabetes patients should not impair the ability of
muscles to oxidize fatty acid in a significant manner -the capacity of muscles to oxidize fatty acids far
exceeds the amount required to supply energy in the resting state. When mitochondrial activity
deteriorates enough to actually reduce oxidation, increased glucose uptake and insulin action,
instead of reduced insulin action, was observed in mice models (Colbert et al., Nature, 1996; Felber
et al., Journal of Bioenergetics and Biomembranes, 1987). Dr. Holloszy also noted the studies of
Ritov (AJP - Endo, 2010) and Han (PLoS One, 2011), which both showed that knocking out key parts
of the mitochondrial electron transport chain in rodent muscle tissue did not lead to insulin
resistance.

▪ Finally, Dr. Holloszy pointed out that fatty acid oxidation was not reduced in diabetes
patients. He emphasized the Nair study (Diabetes, 2008), which showed that oxidative
phosphorylation in Asian Indians with type 2 diabetes is the same as in non-diabetic Indians, and
higher than in healthy European Americans. Dr. Holloszy also mentioned the studies of Ara
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(Nature, 2011), Larson (Diabetologia, 2009), and Boon (Diabetologia, 2007), which all showed that
diabetes patients have similar or elevated rates of fatty acid oxidation compared to people without
diabetes.

Questions and Answers

Q: You have shown a series of studies in rodents, but few studies in humans. In humans, it is
my understanding that insulin resistance leads to decreased mitochondrial activity.

A: I think such decreases in mitochondrial activity are temporary. High fat intake does indeed lead to a
decrease in mitochondrial reduction, but a subsequent increase follows shortly.

Q: Is the definition of mitochondria dysfunction only ATP oxidation?

A: The mitochondria have many functions, but the most important one in this case is ATP oxidation.
Nevertheless, resting muscle cells have a very low rate of oxidative metabolism. They use ATP for mainly
maintenance functions, so you need minimal mitochondrial production for that.

Oral Sessions: Diabetic Dyslipidemia

SIGNALING THROUGH GPR119 INCREASES HDL CHOLESTEROL AND REDUCES POST-
PRANDIAL TRIGLYCERIDES (53-OR)

Kathleen Brown, PhD (American Diabetes Association, Research Triangle Park, NC)

Dr. Brown described the results of a randomized, crossover study (n=9) in high fat fed mongrel canines that
looked at the effects of the selective GPR119 agonist GSK1292263 on lipid, cholesterol, and fatty acid
endpoints. 6 mg/kg of GSK1292263 or vehicle was administered, and study endpoints included fasted
glucose, total cholesterol, HDL, triglycerides, glycerol, free fatty acids, and body weight. Total cholesterol
and HDL cholesterol were increased for the four-week treatment period (21.5% and 16.4%, p=0.0008 and
0.0025, respectively). Furthermore, reduced triglyceride levels were observed following a two meal
tolerance test, although there was no effect on fasting plasma triglyceride levels. Overall, we are excited to
hear additional encouraging GPR119 agonist data, and look forward to seeing how these data translate to
humans. We note that as of February 2012, GSK1292263 was no longer listed in GlaxoSmithKline's
development pipeline. For more information on GPR119 agonists, including the competitive landscape,
please see page six of our GTCbio 2012 Day #2 report at http://www.closeconcerns.com/knowledgebase/r/
24d6f92d.

Special Lectures and Addresses: National Scientific and Health CAre Achievement Awards
Presentation and Outstanding Scientific Achievement Award Lecture

OUTSTANDING SCIENTIFIC ACHIEVEMENT AWARD LECTURE - USING GENETICS TO
EXPLORE THE BIOLOGICAL BASIS OF TYPE 2 DIABETES IN HUMAN POPULATIONS

David Altshuler, MD, PhD (Broad Institute, Boston, MA)

Dr. Altshuler presented, to a packed audience, his work using genome-wide association studies (GWAS) to
identify 54 novel genetic variants commonly associated with type 2 diabetes and suggestions for how to best
utilize data gleaned from GWAS for disease intervention. He asserted that attempting to use these genetic
variants for prediction and prevention could be futile given the complex genetic basis for type 2 diabetes.
Instead, he advocated for identifying loss-of-function mutations that confer protection against diseases to
identify new drug targets, given that drugs more commonly inhibit rather than activate. Finally, he
proposed that GWAS could be incorporated more routinely into the traditional drug development process to
avoid expensive investigations into questions that can be answered by existing variation in human genetics.

▪ In collaboration with Dr. Leif Groop's (Lund University, Malmo, Sweden) team, Dr.
Altshuler's group discovered 54 new gene variants commonly associated with type 2
diabetes using genome-wide association studies (GWAS). The majority of these had not
previously been identified; their identification has increased the fraction of variability in diabetes
that can be explained genetically by about 10%. Dr. Altshuler also reported that GWAS has been
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used extensively in studying lipid disease; for example, new variants in HMG-CoA reductase, the
rate-limiting enzyme in the cholesterol synthesis pathway, were discovered using GWAS.

▪ Despite researchers' great capacity to identify these genetic variants, following up
with actionable indications is a challenge for three reasons: 1) most variants found by
GWAS are found in regions of the DNA that do not encode proteins, so it is difficult to identify the
function of each region and what specific gene(s) they affect; 2) since these data are purely
observational, it is impossible to use these studies alone to investigate the effect of perturbing the
function of these gene regions; and 3) there is a general lack of information about these gene regions
because few had previously been implicated in type 2 diabetes.

▪ Genetic variants discovered from GWAS can help us learn about the pathophysiology
of diseases in order to better inform therapeutics. Conventionally, determining the genetic
basis for disease has been thought to be useful in prediction and prevention. However, the genetic
basis for diabetes is so complex that accurate prediction is difficult. Dr. Altshuler argued that we
should focus instead on using GWAS to develop treatments, and since most drugs are inhibitory
rather than activating, the most direct route in therapy development is identifying loss-of-function
mutations that are protective against diabetes and have no other adverse effect. As an example, Dr.
Altshuler highlighted the gene PCSK9, whose loss of function is protective against coronary artery
disease; people who naturally have a homozygous loss of PCSK9 are healthy and fertile, suggesting
that pharmacologically inhibiting it would be safe. In diabetes, a stop codon in the gene SLC30A8
has been identified to be potentially protective against diabetes, and studies are currently underway
to confirm that its loss of function does not cause other adverse effects.

▪ Dr. Altshuler proposed that GWAS information can also be used to re-evaluate
current approaches to drug therapy development. As an example, he cited studies
investigating whether raising HDL levels reduces the risk of heart attack. He pointed out that three
such drug candidates in development that raised HDL failed to lower cardiovascular risk. Instead of
spending "billions of dollars" on more drug trials, Dr. Altshuler suggested using GWAS to identify a
gene modulating levels of HDL and examine the risk of heart attack in populations with naturally
high levels of HDL. Such a study was done, and demonstrated that there was no difference for risk of
heart attack for people carrying the high-HDL variant; this resulted in at least two companies
stopping development of HDL drugs.

Symposium: Inflammation in Type 2 Diabetes and Results of the TINSAL-T2D Trial

TINSAL

Allison Goldfine, MD (Joslin Diabetes Center, Boston, MA)

Dr. Goldfine presented the results of Stage 2 of TINSAL-T2D, a trial evaluating the efficacy and safety of the
non-steroidal anti-inflammatory drug (NSAID) salsalate as a treatment for type 2 diabetes. Overall, the
results were not very exciting. After 48 weeks, salsalate treatment (n=146) resulted in a modest but
significant A1c reduction (0.24%) beyond placebo (n=140) from a baseline of 7.7%; Dr. Goldfine suggested
that the magnitude of the difference was smaller than originally anticipated, but could likely be explained
by the changes in concomitant medications in the two arms. We also note the very low baseline A1c. She
explained that the salsalate treatment conferred anti-inflammatory effects, as evidenced by lower white
blood cells (p <0.001), neutrophils (p=0.003), and lymphocytes (p <0.001), and significantly increased
adiponectin; there was no significant change in CRP. Salsalate increased fasting insulin and decreased C-
peptide, which Dr. Goldfine believed is likely due to changes in insulin clearance. There was a trend toward
increased systolic blood pressure with drug treatment, and significant increases in total cholesterol (6.6
mg/dl) and LDL (8.2 mg/dl) compared to placebo (p <0.001). Salsalate increased urinary albumin, which
reversed following discontinuation. Mild hypoglycemia was more common with salsalate treatment, and
salsalate use was associated with a modest increase in weight (~1 kg [~2 lbs]) (p<0.001) - both of these are
major negatives given that newer agents are now available that do not prompt hypoglycemia or weight
gain. As expected, tinnitus occurred more frequently with salsalate. In the TINSAL-FMD substudy, which
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assessed flow-mediated vasodilation as a marker of cardiovascular health, no changes in endothelial
function were observed. Dr. Goldfine noted that the longer-term effects of salsalate need to be better
assessed before using it as a treatment for type 2 diabetes. We doubt that there will be much pursuit of this.

▪ In Stage 2 of TINSAL-T2D, patients were randomized to placebo (n=140) or 3.5 g/day
salsalate (n=146). Individuals between the ages of 18 and 75 with type 2 diabetes and baseline A1c
between 7.0% and 9.5% who were on diet and exercise or stable pharmacotherapy (up to three
agents) were included in the study; patients who were on TZDs, insulin, and/or GLP-1 receptor
agonists were not eligible to participate in the study. Patients randomized to salsalate were started at
a 3 g/day dose for the first two weeks, and escalated up to 3.5 g/day for the rest of the trial if
tolerability wasn't an issue. Changes in dosing on concomitant medications for diabetes, lipids, and
blood pressure were avoided if possible over the first 24 weeks of the trial, then were adjusted based
on good clinical practice, a questionable trial design decision in our view since we would assume this
would make it more challenging to show the differences prompted by the main drug being studied.
At baseline, participants had an average age of 56 years, diabetes duration of ~5 years, weight of
96.2 kg (211 lbs), BMI of 33.3 kg/m , A1c of 7.7%, and fasting plasma glucose of 151 mg/dl. 5% were2

not on any medications, 41% were on monotherapy, 49% were on dual therapy, and 6% were on
triple therapy.

▪ After 48 weeks, salsalate treatment resulted in a modest but significant A1c reduction
(0.24%) beyond placebo. Dr. Goldfine noted that the magnitude of the difference was a little
smaller than originally anticipated, but could likely be explained by the changes in concomitant
medications in the two arms. More patients taking salsalate achieved an A1c reduction ≥0.5% after
48 weeks - ~40% in the treatment arm versus ~22% in placebo. In addition, salsalate treatment
reduced fasting plasma glucose by 11 mg/dl beyond placebo after 48 weeks of treatment (p<0.001).

Questions and Answers

Q: Were there any differences in baseline characteristics that may have explained the modest
A1c-lowering effect?

A: Patients in the two treatment arms were well matched for all of the parameters I showed. At the time of
randomization, one-quarter of the patients randomized had baseline A1c below 7.1%. I think that could
contribute to the diminished effect in magnitude in the whole group.

Q: The insulin effect is really intriguing. Is this in fact related to some of the cases of reducing
concomitant medications? At what level do you think salsalate is modulating insulin clearance
- the liver, or the periphery?

A: The change in insulin clearance was not seen in animal models, so it is hard to tease apart. It could be at
the level of the liver; it could also be other places. It's difficult to assess.

Q: What specifically drove the decreases in concomitant medications?

A: The increase in mild hypoglycemic events led physicians to decrease concomitant medications, whereas
poor glycemic control led to increases in concomitant medications.

SYSTEMATIC INFLAMMATION

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

Dr. Shoelson began with an overview of inflammation in obesity. He explained that lean adipose tissue
differed from obese adipose tissue in both the number and type of macrophages present. In obese mice,
adipose tissue had a greater number of macrophages and more M2 macrophages - the proinflammatory
type. In lean mice, more M1 macrophages were present. However, he noted that macrophage type has been
difficult to identify in human adipose. Immune cell concentration, including T and B cells, is also greater in
obese mice. Next, Dr. Shoelson provided a brief introduction on salicylate and its anti-inflammatory
properties. In particular, he discussed the results from stage 1 of the TINSAL-T2D study. After 14-weeks of
treatment with salsalate (3-4 g/day), participants with type 2 diabetes achieved provide placebo-corrected
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reductions in A1c of 0.4-0.6% from a baseline of 7.7%. Additionally, treatment with salsalate led to
improvements in fasting blood glucose, C-peptide, glucose utilization, free fatty acids, triglycerides, C-
reactive peptide, and adiponectin. While Dr. Shoelson noted the exact mechanisms behind salsalate's effects
are unknown, NF-kB inhibition and decreased metabolic clearance rate of insulin are potential candidates.
Also of interest, Dr. Shoelson pointed to mouse studies suggesting salicylate could moderate the
inflammatory cascade leading to atherosclerosis.

▪ Lean adipose tissue has different macrophage characteristics than obese adipose
tissue. Dr. Shoelson showed pictures highlighting the difference between macrophage character in
lean mouse vs. obese mouse. In lean mice, macrophages were scarcely present and individually
located in adipose tissue. In obese mice, adipocytes typically had a ring of macrophages surrounding
them. Dr. Shoelson hypothesized that this occurred because: 1) macrophages were responding to
dead adipocytes; or 2) individual adipocytes were producing substances causing monocytes to hone
in on them. Dr. Shoelson noted that either way, the cell would die once the macrophages targeted it.
Moreover, Dr. Shoelson explained lean adipose tissue usually contained M2 macrophages, while
obese adipose tissue typically contained M1 macrophages . Importantly, M1 macrophages are pro-
inflammatory. However, he noted it has been difficult to identify macrophage type in humans and
that there is a fair amount of controversy on this matter.

▪ Leukocyte concentration increases in response to obesity. Compared to negative controls,
mice on a high fat diet had greater concentrations of inflammatory immune cells in their adipose
tissue including CD3 T cells, CD4 T cells, CD8 T Cells, and B cells. On the other hand, T regulatory
cell concentration decreased. Dr. Shoelson noted that this was particularly interesting because T
regulatory cells are anti-inflammatory.

▪ Stage 1 of the TINSAL-T2D trial suggested lowering effects of salsalate on fasting blood
glucose and A1c. Dr. Shoelson explained why they chose salsalate over other salicylic acid
derivatives: salsalate is insoluble at stomach pH, is hydrolyzed and absorbed in the duodenum, does
not change bleeding time, is generic and inexpensive, and has a long term safety profile in humans.
At the three doses tested (3.0 g/d, 3.5 g/d, and 4.0 g/d), A1c, fasting blood glucose, and glycated
albumin decreased over 14 weeks, whereas adiponectin increased (for more details, please see our
ADA 2009 report).

▪ While many mechanisms of action for salicylate have been proposed, Dr. Shoelson
focused on NF-kB inhibition and the alteration of the metabolic clearance rate of
insulin. In mice, obesity activated NF-kB in circulating monocytes, whereas salicylate inhibited
NF-kB. Dr. Shoelson presented data from Goldfine et al. (CTS 2008) suggesting similar NF-kB
responses to obesity and salsalate in humans. NF-kB activity in peripheral blood mononuclear cells
decreased in obese humans with diabetes after salsalate treatment. In addition to NF-kB inhibition,
Dr. Shoelson indicated that salsalate might also reduce the metabolic clearance of insulin. In
individuals treated with high doses of salsalate, insulin levels remained high even when C-peptide
levels decreased.

▪ Salicylate could moderate the inflammatory cascade leading to atherosclerosis. In mice
predisposed to developing atherosclerosis, salicylate reduced CD45 adhesion and infiltration in the
aortic arches at two weeks. Dr. Shoelson was argued that if salicylate could be used to reduce
inflammation, the cascade from obesity to atherosclerosis might be preventable.

Questions and Answers

Q: Not all obese patients are insulin resistant. Have you found any difference in M1 vs. M2
macrophages in the fat of these two distinct populations?

A: In our studies, we haven't taken tissue samples to analyze fat. In TINSAL-T2D, we didn't take fat samples,
so we don't have access to that. It would be nice to have samples, particularly of abdominal tissues, but those
would be very hard to get from patients.
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TARGETING IL-1B AND IL-6 IN TYPE 2 DIABETES

Marc Donath, MD (Universitätsspital Basel, Basel, Switzerland)

Dr. Donath presented on the role of IL-1 and IL-6 in people with type 2 diabetes. Beta cells have IL-1
receptors and produce IL-1β themselves. He suggested IL-1β plays a deleterious role in people with type 2
diabetes, as IL-1 antagonists have shown consistent success improving insulin secretion and glycemia. IL-6,
on the other hand, appeared to have a beneficial effect in people with diabetes. Dr. Donath referred to a
mouse model implicating IL-6 in mediating GLP-1 secretion in pancreatic alpha cells and intestinal L cells.
He reminded the audience that IL-6 is one of the best predictors of type 2 diabetes. Notably, IL-6 also
increases with exercise in mouse models. Dr. Donath proposed that IL-6 could serve different purposes. He
suggested that in obesity, IL-6 is secreted from adipose to help the body respond to increasing insulin
resistance and hyperglycemia. However in exercise, IL-6 may function to prepare the body for a post-
exercise meal.

▪ An elevated glucose concentration induces IL-1β. Beta cells are replete with IL-1 receptors
and produce IL-1β in response to glucose. Dr. Donath suggested that the high expression of IL-1
receptors in pancreatic islets - more so than in all other tissues - indicates that these receptors play
an inflammatory role in type 2 diabetes.

▪ Eight studies have shown improved insulin secretion and glycemia with IL-1
antagonist intervention. Dr. Donath pointed to the overwhelming evidence suggesting IL-1
antagonists like canakinumab and anakinra (Amgen's Kineret) confer improvements in patients
with diabetes. He presented data from a gevokizumab study in people with type 2 diabetes in press
for the July 2012 issue of Diabetes Care. Three months after a single injection of gevokizumab,
participants showed a placebo-adjusted A1c reduction of 0.85% (the baseline was not available but
this seems like a great response). Notably, gevokizumab also increased C-peptide secretion and
decreased C-reactive protein levels.

▪ Dr. Donath proposed that IL-6 reprograms pancreatic alpha cells to secrete GLP-1. Dr.
Donath explained that proglucagon is processed into several end products, including GLP-1 and
glucagon.. Pancreatic alpha cells produce prohormone convertase 1/3, which coverts proglucagon to
GLP-1 in the intestine. In a rodent model, intermittently elevated IL-6 increased GLP-1 synthesis in
both pancreatic alpha cells and intestinal L cells and increased. Prohormone convertase 1/3 levels in
the pancreas. Dr. Donath suggested this pathway may be responsible for the glycemic benefits
observed in IL-6-treated mice. In reviewing his previous work (Ellingsgaard et al., Nat Med, 2001),
Dr. Donath noted that obese mice showed increased insulin levels and decreased blood glucose
levels in an OGTT test when injected with a bolus of IL-6 compared to controls.

▪ IL-6 levels are chronically elevated in obesity and intermittently elevated with
exercise. Mice models indicate that exercise increases IL-6 and GLP-1 levels. Dr. Donath suggested
that the increases in IL-6 during exercise and obesity result from distinct, non-conflicting pathways.
Exercise-induced IL-6 secretion from skeletal muscle likely prepares the body for post-exercise
meals while obesity-induced IL-6 secretion helps the body compensate for increased insulin
resistance and hyperglycemia.

Symposium: Glucagon - Renaissance of an Old Hormone

ROLE OF THE GLUCAGON RECEPTOR IN THE REGULATION OF HEPATIC FAT
METABOLISM DURING FASTING

Christine Longuet, PhD (University of Toronto, Toronto, Canada)

In an overflowing auditorium for the symposium on glucagon, Dr. Longuet argued that the glucagon
receptor (Gcgr) is essential in lipid homeostasis and underscored that in rodent models, knocking out (KO)
Gcgr leads to significant increases in hepatic triglyceride (TG) content and free fatty acid (FFA) production
and secretion. Dr. Longuet found that KO mice had significantly elevated levels of plasma free fatty acids
(FFA) (about 23.4 mg/dl; p <0.001) and TG (about 100 mg/dl; p <0.001) after a 16-hour long fast
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compared to WT mice (about 13.5 mg/dl and 30 mg/dl, respectively). Furthermore, KO mice were more
susceptible to hepatosteastosis after exposure to a high fat diet (liver triglyceride content was about 11 mg/
dl in KO mice but only about 5 mg/dl in WT mice; p <0.05) (Longuet et al., Cell Metabolism 2008). She
commented that while there are very few studies looking at the impact of glucagon suppressors on lipid
homeostasis, Xiao et al. (Diabetes 2011) found that glucagon inhibits hepatic lipoprotein secretion in
humans. She indicated this finding suggests that her rodent studies may be translatable to humans.

Questions and Answers

Q: Do you think that the effect of glucagon on lipid metabolism would make it dangerous to
use to treat diabetes?

A: Data in humans is still very preliminary. There is no guarantee that the phenotype in humans will be the
same as it is in rodents. The impacts of glucagon suppression may be worse in the treatment of type 2 diabetes
because it is already associated with lipodemia.

Q: How can we overcome hypoglycemia when suppressing glucagon?

A: We did not look at any way of overcoming that. I am not sure. I am sorry.

Q: Has anybody measured fatty acid metabolites?

A: Not that I know of.

Q: There is a case report of a human with an inactive glucagon receptor, and no liver
abnormalities were reported. Wouldn't this speak against your hypothesis that there should
be this deleterious effect if you block Glcr?

A: These results were obtained in animal models, mainly rodents. We are not trying to say that this is what
will happen in humans. But we need to monitor this in humans to make sure that this does not happen.

Symposium: Inflammation and Insulin Resistance

SESSION OVERVIEW

Steven Shoelson, MD, PhD (Harvard University, Cambridge, MA)

Dr. Shoelson opened the session on inflammation and insulin resistance with an overview of the
epidemiological, biochemical, pharmacological, and immunological research to date that has helped
characterize this relationship. Relevant drug targets he discussed were TNF-alpha, salicylates, and IL-1.
Overall, Dr. Shoelson appeared ambivalent toward the applicability of TNF-alpha to metabolic disease
therapy, presenting both positive and negative studies using TNF-alpha blockers. He expressed greater
excitement for salicylates, noting that he was one of the lead investigators for the TINSAL and TINSAL-T2D
trials. As a reminder, TINSAL-T2D was a clinical trial that examined the use of salsalate (a prodrug to
salicylate) to treat type 2 diabetes. In the first stage of the study, salsalate (3-4 g/day) was demonstrated to
provide placebo-corrected reductions in A1c of 0.4-0.6% from a baseline of 7.7% in people with type 2
diabetes over 14 weeks. Additionally, treatment with salsalate led to improvements in fasting blood glucose,
C-peptide, glucose utilization, free fatty acids, triglycerides, C-reactive peptide, and adiponectin. Results
from the second stage of the trial (a 52-week phase 3 study examining the efficacy and safety of salsalate in
people with type 2 diabetes) were presented by Dr. Shoelson at a Monday symposium at this year' s ADA
entitled "Inflammation in Type 2 Diabetes and Results of the TINSAL-T2D Trial." Dr. Shoelson commented
that salsalate could serve as a valuable therapy for type 2 diabetes given its low cost and ability to target
several of the inflammatory components of diabetes. Finally, Dr. Shoelson closed his talk with a brief
overview of the role of IL-1 in type 2 diabetes pathogenesis. In particular, he highlighted positive results
from a study by Larsen et al. (NEJM 2007) that found IL-1 antagonism with anakinra (Kineret) in people
with type 2 diabetes resulted in reductions in A1c (-0.46% placebo-adjusted), improvements in beta cell
secretory function, and reductions in systemic markers of inflammation (IL-6 and C-reactive protein). As a
reminder, XOMA's anti-IL-1 beta antibody XOMA 052 exhibited weak glycemic control efficacy (marginal,
non-significant reductions over placebo), but provided significant reductions in C-reactive protein in both a
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six-month phase 2a and six-month phase 2b trial in people with type 2 diabetes in 2011 (see the June 10,
2011 Closer Look at http://www.closeconcerns.com/knowledgebase/r/b403134a).

INFLAMMASOME AND METABOLISM

Jenny Ting, PhD (University of North Carolina, Chapel Hill, NC)

Dr. Ting discussed innate immune receptors and the inflammasome and their relevance to metabolic
disease. Her research has focused on nucleotide binding-leucine rich repeat proteins (NLRP), which respond
to a variety of signals by activating inflammasome genes. There are at least seven inflammasome genes, the
protein products of which form multi-protein complexes (called inflammasomes) that contribute to cell
death through the activation of caspases (particularly caspase 1) and the secretion of pro-IL-1B and IL-18.
Dr. Ting suggested that the secretion of IL-1 from inflammasomes could induce insulin resistance in
surrounding tissues by inhibiting the action of IRS1 on Akt. Fatty acids appear to be directly involved in this
pathway by inhibiting AMPK in macrophages, which in turn activate the inflammasome pathway. The
pharmacologic agent AICAR reverses the deactivation of AMPK in response to fatty acids, and in in vitro
studies, adding AICAR to cell cultures reduced IL-1 secretion and inflammasome activation in response to
fatty acids. Dr. Ting believes that a deeper understanding of the inflammasome pathway could help
elucidate the mechanisms and effects of a number of metabolic pharmaceuticals. Delineating how IL-1
affects insulin sensitivity, she cultured macrophages with fatty acids and an inflammatory promoter
(lipopolysaccharide), then exposed this medium to hepatocytes. In response to this inflammatory
environment, the hepatic cells responded with a loss of nearly all insulin sensitivity as measured by Akt
phosphorylation. Knocking out NLRP genes ameliorated this effect. Providing further evidence for the role
of inflammation in the development of insulin resistance, she demonstrated that the knockout of IL-1 and
TNF-alpha improved glucose control in mice fed a high-fat diet.

MACROPHAGES, INFLAMMATION, AND OBESITY - INDUCED INSULIN RESISTANCE

Mark Febbraio, PhD (Baker International Diabetes Institute, Melbourne, Australia)

Dr. Febbraio discussed his research involving macrophages, obesity, and insulin resistance. In severe
metabolic syndrome and obesity, macrophages are typically observed engulfing apoptosing adipocytes in
the histology of adipose tissue. Dr. Febbraio suggested that this occurs due to a positive feedback loop
between overgrown adipocytes that secrete inflammatory cytokines and macrophages, eosinophils, and
other immune mediating cells that are recruited toward these adipocytes, which in turn release additional
inflammatory factors. To further investigate macrophages' role in insulin resistance, Dr. Febbraio
engineered a mouse knockout of CD36, a lipid transporter found primarily on macrophages. He and his
colleagues observed a decreased inflammatory response to a high-fat diet with this genetic alteration.
Macrophages did not accumulate in adipose tissue, and there was superior insulin signal transduction in
adipocytes. To block macrophage chemotaxis therapeutically, he highlighted IL-6 antagonism as an
approach that may be effective. IL-6 is a mixed pro- and anti-inflammatory cytokine involved in systemic
and local inflammation. It plays a particularly important role in recruiting immune cells to areas of
inflammation. Tocilizumab (Roche) is an antibody that neutralizes IL-6 and is currently used to treat
rheumatoid arthritis. However, Dr. Febbraio noted that IL-6 antagonism has been associated with
increased triglyceride levels, weight, and insulin resistance. Dr. Febbraio suggested that scavenging and
deactivating a particularly active compounded form of IL-6 (IL-6 bound to a soluble receptor, IL-6R),
rather than antagonizing the lone cytokine itself, could reduce macrophage recruitment to areas of
inflammation while avoiding these metabolic side effects. To explore this hypothesis, Dr. Febbraio developed
a mouse model that was genetically engineered to express a soluble receptor for the soluble IL-6/
IL-6-receptor complex, which binds to and removes the complex from circulation. The introduction of this
protein resulted in normal adipose tissue histology in high-fat-diet mice as well as greater peripheral
insulin sensitivity in skeletal muscle. Interestingly, there was no effect on the insulin sensitivity in adipose
tissue as well as the liver. Dr. Febbraio concluded by commenting that the next evolution in IL-6 therapy
should involve developing ways to block the IL-6/IL-6-receptor complex rather than just the IL-6 receptor
itself.
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HYPOTHALAMIC NFKB AND OBESITY AND AUTOPHAGY

Dongsheng Cai, MD, PhD (Albert Einstein College of Medicine, Bronx, NY)

Dr. Cai discussed the role of NF-kB expression in the hypothalamus in the pathology of type 2 diabetes,
obesity, and hypertension. He explained that the hypothalamus was a logical area in which to investigate
this connection, since it releases hormones that affect a wide range of metabolic and cardiovascular
functions. NF-kB activates an inflammatory cascade within a cell that leads to changes in cell morphology,
secretion of and response to immune mediators, and a wide range physiological functions. Typically, NF-kB
is released in response to stressors such as metabolite excess, oxidative stresses, ER stress, and autophagic
defects. In a study conducted in his lab, active IKK-beta/NF-kB was injected into the hypothalamus of rats.
The rats subsequently developed hypothalamic neuronal insulin resistance. Dr. Cai indicated that under
normal conditions, hypothalamic neurons respond to increases in insulin by reducing hunger and
increasing peripheral metabolism. Conversely, suppressing the expression of hypothalamic IKK-beta/NF-
kB in high-fat fed rats led to reduced weight gain, an anti-aging effect, an improvement in memory, and
increased longevity (average lifespan of 1200 days vs. 1000 days in the control group). Dr. Cai hypothesized
that a decrease in sympathetic output (which raises heart rate, blood pressure, and metabolism) triggered
by the decreased levels of IKK-beta/NF-kB and inflammation in the hypothalamus might have contributed
to these findings. He revealed that a measurable decrease in blood pressure was detected in the study,
providing some evidence to support his hypothesis.

Questions and Answers

Q: What do you think is driving this increased inflammation in the hypothalamus? Have you
repeated your studies in specific cytokine-knockout mice?

A: We haven't studied these specifically, but the cytokine knockouts could help to elaborate the key players.

Q: In the human trials examining salicylate, there was an improvement in glucose and
triglyceride levels, but there was no effect on hypertension. How do you rectify that with your
data?

A: That is indeed a discrepancy; it may be related to the animal model as opposed to humans.

Q: Have you tried to study the downstream pathways in metabolic syndrome?

A: Downstream is very broad, particularly when we're talking about the brain. We have some other studies
with nutrient sensing and exocytosis of peptide neurotransmitters. But in terms of immediate downstream,
we have not done much in that regard. We try to focus on NF-kB itself.

Q: Did you look at APK activity in your animal models in the hypothalamus?

A: No, we didn't.

Symposium: Epigenetic Control of Insulin Action

EPIGENETIC CONTROL OF INSULIN ACTION IN HUMANS

Allan Vaag, MD, PhD (Copenhagen University, Copenhagen, Denmark)

Dr. Vaag presented evidence that insulin resistance may be under substantial epigenetic control.
Epigenetics are the changes in gene and protein expression beyond what is encoded in the primary DNA
sequence. For example, methylation of gene promoters can silence their transcription and miRNA
expression can prevent the translation of protein from mRNA. Insulin resistance in type 2 diabetes is
associated with impaired mitochondrial function in muscle, and data show that methylation of PGC-1α, a
gene necessary for the synthesis of mitochondria, is increased after bed rest and after five days of
overfeeding on a high fat diet. This increase in methylation was reversed after returning to a normal diet.
Furthermore, the association between low birth weight (LBW) and risk for type 2 diabetes may be explained
by differences in PGC-1α methylation: LBW individuals have a higher rate of PGC-1α methylation and do
not respond to changes in diet (high fat or normal) by increasing or decreasing the methylation status of
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PGC-1α. Dr. Vaag concluded that the ability to respond to overfeeding with changes in DNA methylation
may be protective against insulin resistance in normal individuals. Furthermore, LBW is associated with
increased expression of various miRNAs that play a role in fat deposition and the insulin signaling
pathway. Thus, LBW may be associated with type 2 diabetes via the epigenetic changes that occur in utero
when the fetus is provided with insufficient nutrition.

▪ Insulin resistance in type 2 diabetes is associated with impaired mitochondrial
function in muscle tissue. This finding suggest that the differential regulation of genes involved
in muscle mitochondrial function may explain the development of insulin resistance. Genes
expressing mitochondrial proteins involved in oxidative phosphorylation are found to be expressed
at a lower level in people with type 2 diabetes and in insulin-resistant first-degree relatives.

▪ Increased methylation of PGC-1α, a gene necessary for the synthesis of mitochondria,
in response to physical inactivity and high fat diet may help explain why these two
habits lead to muscle insulin resistance. Methylation of genes at CpG sites in their promoter
regions is typically associated with decreased gene expression. A mutation introducing a CpG site
into the PGC-1α promoter region would result in increased methylation and decreased expression of
the gene. It has been shown that nine days of bed rest leads to a significant increase in insulin
resistance, and Dr. Vaag presented data demonstrating that bed rest was associated with increased
methylation of PGC-1α close to the transcription start site of the gene. Furthermore, a study which
fed a high fat diet to 11 young men for five days led to significant increases in methylation at two of
the same four CpG sites, which was reversed by returning to a controlled diet. An examination of
several other genes found that multiple CpG sites (25% of the ones studied) in human muscle
biopsies exhibited altered methylation patterns (p<0.05) during the five days of high fat
overfeeding, but these were very modest changes (most increased by only 2%, and none by more
than 10%).

▪ DNA methylation could explain the association between low birth weight (LBW) and
risk for type 2 diabetes due to LBW individuals' reduced ability to adjust their DNA
methylation patterns when exposed to short-term, high-fat feeding. A 1 kg increase in
birth weight translates to a ~45% reduction of diabetes risk. PGC-1α was methylated to a greater
degree in LBW participants, but a high fat diet did not result in a subsequent increase in PGC-1α
methylation as it did for their normal birth weight counterparts. Furthermore, an array study
examining methylation of multiple genes after exposure to high-fat overfeeding showed that LBW
individuals responded with only a 5.7% difference in DNA methylation, whereas normal birth weight
individuals responded with a 25.3% difference in DNA methylation (p<0.001). Based on these
findings, Dr. Vaag concluded that the ability to show flexibility in gene methylation in response to
overfeeding may be protective against insulin resistance in normal individuals.

▪ LBW is associated with increased expression of miR-483 in fat (which influences
adipose tissue expandability and lipotoxicity) and with increased expression of
miR-15b and miR-16 in muscle, which affects insulin signaling. miRNAs target
complementary mRNA sequences, preventing the translation of the encoded protein. miR-483's
target mRNA plays a role in the proliferation of subcutaneous tissue, thus an increase in miR-483
could result in the inability to store fat subcutaneously. This increases the storage of fat in the liver
or muscle tissues, contributing to insulin resistance. Additionally, LBW has been associated with
increased expression of miR-15b and miR-16. The most prominently predicted target for the miR-15
family is the insulin receptor pathway.

Questions and Answers

Q: Have you done any experiments to demonstrate that methylation actually reduces the
activity of PGC-1α? For example, you could introduce methylation sites into the promoter and
measure luciferase activity - then you could actually conclude that increased methylation
changes PGC-1α activity. PGC-1α is very complicated, and many things regulate its expression.

A: That is a wonderful question. We do not have this data.
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Q: My impression from a basic molecular biology standpoint is that DNA methylation is a
relatively stable, long term change, so seeing such short term changes is astonishing. Do you
know what is regulating these relatively rapid changes?

A: This is what I am most fascinated about. I think we should be very cautious not to conclude too much
because the changes we see are small and there are some difficulties in working with these tissues. There are a
lot of issues to address here.

Q: You stated that the change in methylation status was quite small in response to overfeeding
- is there any hope of seeing this translate into biologically significant changes in expression?

A: We overfed the participants for only five days - what if you overfed people for a year, 10 years, or 20 years?
At that stage, gene expression might change. Perhaps the changes right now are too small to see. Additionally,
this was all done in resting muscle, and I think it is a bit naïve to think we can notice changes in this state. I
think the muscle needs to be active - we need to challenge the muscle.

Symposium: Insulin Action via the Brain

NOVEL ROLES OF BRAIN INSULIN IN REGULATING WHOLE-BODY AMINO ACID AND
LIPID METABOLISM

Christoph Buettner, MD, PhD (The Mount Sinai Hospital, New York, NY)

Dr. Buettner discussed his work examining the role of central insulin signaling in the regulation of adipose
tissue lipolysis and lipogenesis in a rodent model. An important distinction was first made between hepatic
glucose production (HGP) and lipolysis: HGP is a somatostatin-dependent phenomenon, whereby blood
glucose levels are only affected when insulin and somatostatin are dosed. In contrast, lipolysis is controlled
by brain insulin independent of somatostatin. Two inducible insulin receptor knockout mice were used to
test the effects of insulin on lipolysis: 1) a peripheral insulin receptor knockout, and 2) a whole body
knockout. In the peripheral knockout, brain insulin was still able to suppress lipolysis, while in the whole
body knockout, insulin could no longer suppress lipolysis. Furthermore, the whole body knockout was
accompanied by a marked increase in several pro-inflammatory markers, while the peripheral knockout
exhibited anti-inflammatory effects. Overall, Dr. Buettner commented that it appeared clear that brain
insulin has direct effects on fat (at least in animals); however, the physiological importance of this
relationship in humans remains to be explored.

Symposium: Novel Concepts in the Pathophysiology of Hypoglycemia in Diabetes

NOVEL MECHANISMS IMPLICATED IN HYPOGLYCEMIA-ASSOCIATED AUTONOMIC
FAILURE

Stephen Davis, MBBS (University of Maryland School of Medicine, Baltimore, Maryland)

Dr. Davis discussed mechanisms for hypoglycemia-associated autonomic failure, mechanisms for exercise-
associated autonomic failure, and approaches to enhance autonomic nervous system and neuroendocrine
responses during hypoglycemia. Though much is still not known about the potential mechanisms involved,
there are several novel approaches to amplifying the counterregulatory response during hypoglycemia. Dr.
Davis noted that while these approaches are still under investigation, they demonstrate early promise.

▪ Individuals who take GABA agonists (GABA being an important neurotransmitter in
the central nervous system) before experiencing hypoglycemia the next day
experience autonomic failure and a reduction in endocrine responses. Taking a GABA-a
agonist and experiencing hypoglycemia in the same day leads to an increased glucagon response the
following day, indicating the complexity of the pathways of endocrine responses and how much is
still not understood.

▪ People experience a similar reduction in endogenous glucose production,
epinephrine, glucagon, and direct sympathetic activity when they have an episode of
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hypoglycemia after exercising. Cortisol infusions antecedent to exercise also significantly
reduced epinephrine, glucagon, norepinephrine, and pancreatic polypeptides.

▪ A number of approaches to enhancing these responses have been identified. Though
one week of troglitazone therapy resulted in hepatic toxicity, there is a significant increase in both
epinephrine and glucagon during subsequent hypoglycemia. Catalytic amounts of fructose have been
found to increase epinephrine and endogenous glucose production. Administration of
Dehydroepiandrosterone (DHEA) preserves the glucagon and epinephrine response during repeated
hypoglycemia . Dr. Davis discussed plans to perform clinical trials to investigate the effects of DHEA
on hypoglycemia.

CENTRAL NERVOUS SYSTEM VS. INTRA-ISLET REGULATION OF GLUCAGON SECRETION

Owen Chan, PhD (Yale University, New Haven, CT)

Dr. Chan's presentation examined both the intra-islet and central nervous system (CNS) factors affecting
glucagon secretion as they relate to diabetes. He also emphasized the importance of the neurotransmitter
gamma-aminobutric acid (GABA) in associating CNS and peripheral glucagon regulation. While precise
mechanisms for the relationship between insulin and glucagon regulation at both the CNS and periphery
have yet to be entirely elucidated, Dr. Chan provided an excellent analysis of this complex network and the
current understanding of these regulatory pathways.

▪ Dr. Chan reviewed the intra-islet hypothesis, which purports that insulin release
during increasing glucose levels can inhibit glucagon secretion from alpha cells.
Additionally, Dr. Chan described how the ventromedial hypothalamic nucleus (VMH) is the primary
glucose sensor in the brain - glucose delivery into the VMH suppresses the counterregulatory
responses during hypoglycemia. In diabetes, glucagon release is determined by the net effect of both
CNS and peripheral inputs to the alpha cell.

▪ Dr. Chan also emphasized the importance of the neurotransmitter gamma-
aminobutric acid (GABA) in associating CNS and peripheral glucagon regulation.
GABA receptors are expressed on alpha cells, with GABA acting to inhibit glucagon secretion.
Interestingly, insulin has been shown to increase GABA receptor translocation, illustrating another
pathway through which insulin and glucagon regulate each other.

Symposium: Protein Acetylation and Other Post Translational Modifications as Metabolic
Sensors

SIRT3 IN CONTROL OF HEPATIC LIPID METABOLISM

Matthew Hirschey, PhD (Duke University Medical Center, Durham, NC)

In this fascinating talk, Dr. Hirschey discussed a single nucleotide polymorphism (SNP) in the SIRT3 gene
that has been implicated in metabolic syndrome. Participants in the Non-alcoholic Stetatohepatitis Clinical
Research Network (n=834) and the Metabolic Syndrome in Men study (n~8000) were found to be at a
statistically significantly higher risk of developing metabolic syndrome if they possessed this particular SNP
in SIRT3. Dr. Hirschey therefore suspects that this SNP inhibits SIRT3, which leads to metabolic syndrome
via decreased metabolic rate and fatty acid oxidation.

▪ SIRT3 belongs to a class of proteins called sirtuins that regulate acetylation of
mitochondrial proteins, especially those involved in fatty acid metabolism and the
generation of energy. Chronic high-fat diet feeding suppresses SIRT3, but the over-expression of
PGC-1 alpha, an important metabolic cofactor, rescues SIRT3 expression during high-fat feeding.
Dr. Hirschey has found that mice that lack the SIRT3 gene develop several metabolic complications,
including obesity, diabetes, insulin resistance, hyperinsulinemia, inflammation, and fatty liver
disease.

▪ A single nucleotide polymorphism (SNP) in SIRT3 is correlated with increased risk for
the metabolic syndrome. 12 SNPs in SIRT3 were interrogated in the NASH-CRN (Non-alcoholic
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Stetatohepatitis Clinical Research Network), which included 834 participants (mean age 48.9, 36:64
male:female, 34.6 kg/m ), of whom 30.6% had diabetes and 47.7% had the metabolic syndrome.2

rs11246020, a SNP in the SIRT3 gene, was found to be correlated with increased risk for the
metabolic syndrome with p=0.008. The same SNP was implicated in higher risk of metabolic
syndrome in the METSIM (Metabolic Syndrome In Men) study, which included approximately 8000
Finnish male participants. This SNP encodes a mutation in SIRT3 that significantly reduces
enzymatic efficiency, inhibiting the deacetylating activity of SIRT3. Dr. Hirschey suspects that these
effects result in decreased metabolic rate and fatty acid oxidation, leading to higher lipid content,
insulin resistance, and obesity, culminating in the metabolic syndrome.

▪ Dr. Hirschey then investigated the effects of high-fat diet feeding on other
mitochondrial protein acylations, but more research needs to be done. High-fat diet
feeding resulted in increased hepatic propionylation, which is similar to acetylation but adds an
additional carbon atom. The relevance of propionylation to metabolism and metabolic disease
remains to be seen.

Questions and Answers

Q: Are you, or is anyone in the field, trying to work on an algorithm to figure out which lysine
residues are most likely to be acetylated?

A: The crystal structures of the sirtuins appear to be binding to the backbone rather than the specific amino
acid side chain, so there might be promiscuity to the sirtuins, which is what a lot of people have seen. I know
that here is some work going on right now to identify which sites are SIRT-3 dependent and which are not.

Q: As a clinician, we are thinking about using these signatures to phenotype patients and
understand what's happening to them. We see there is a negative energy balance and non-
alcoholic fatty liver disease. But, if you put them all on unsaturated fat diets, liver fat goes
down. What's driving these enzymes? Is it the energy balance? Could this be used to assess the
status of these proteins?

A: I'd say there is a paucity of work regarding the actions of SIRT3 on the transcriptional level. But it is not
known if or how the lipids are regulating this. Thinking past SIRT3 and the regulation status of mitochondrial
proteins - we've tried to do this in some human patient samples, but it's difficult because to get good
mitochondria, you'd have to purify immediately. The strategy on of my colleagues has used to make a site-
specific acetylation utilizes antibodies which can read out if you had a panel of these antibodies. The panel
could read out the acetylation status of a key number of proteins that would perhaps be indicative of the
energy balance, but the specific sites that you would want to target antibodies against is still unclear.

Symposium: The Basic Science of Exercise - Implications for diabetes

PGC-1 ALPHA, EXERCISE MIMETICS, AND DIABETES

Christoph Handschin, PhD (University of Basal, Basel, Switzerland)

Dr. Handschin presented an in-depth analysis on the physiology of PGC-1α, focusing on its relevance to
glucose response and the potential therapeutic benefits from modifying its expression. In conducting several
studies on transgenic PGC-1α mice, his group showed that PGC-1α plays a significant role in muscular
adaptations to exercise - specifically, it enhanced mitochondrial proliferation in response to endurance
exercise. The same studies found that PGC-1α promotes intramuscular lipogenesis or lipolysis (depending on
if the mouse was sedentary or active, respectively), partially by modulating the pentose phosphate
pathway. PGC-1α also increased muscular glucose uptake, hypothetically to replace the metabolized
intracellular fatty acids.

▪ Dr. Handschin cautioned the audience at the end of his talk that PGC-1α may not be a
beneficial drug to replace exercise in a sedentary population. Studies show that sedentary
mice on high fat diets with elevated PGC-1α had poor glycemic profiles compared to mice with no
PGC-1α increases. He attributed this to a PGC-1α-stimulated increase in fatty acid concentrations in
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the muscle cells. Dr. Handschin explained that exercise mimetics such as PGC-1α may be effective
when combined with exercise but may increase pathologies in sedentary populations eating Western
diets. Still, some questions were raised regarding this conclusion in relationship to previously
conducted studies, indicating a need for additional research.

MOLECULAR TARGETS OF EXERCISE IN THE MUSCLE

Laurie Goodyear, PhD (Joslin Diabetes Center, Boston, MA)

Dr. Goodyear's presentation summarized several studies that her team conducted by transplanting
subcutaneous adipose tissue (AT) from exercise-trained and untrained mice into the visceral cavity of other
mice. They found that transplanting AT from mice that had been exercise-trained greatly improved glucose
tolerance compared to transplanting AT from untrained mice. Dr. Goodyear's team also conducted a
similar study in mice that were fed high fat diets before receiving the transplant. In these studies, mice that
received the exercise AT transplant were able to reverse the impaired glucose tolerance induced by the high
fat diet.

▪ After transplanting subcutaneous adipose tissue (AT) from exercise-trained and
untrained mice into untrained mice, Dr. Goodyear and her team concluded that there
are significant changes that occur in AT along with exercise, and that these changes
affect systemic glucose tolerance. The results from this transplantation show very apparent
(>30%) glucose improvements at nine-days post transplant, but are negligible at 12 weeks. The mice
that receive AT from exercise-trained mice had better glucose tolerance, lower insulin release, and
increased brown adipose tissue activity. Dr. Goodyear noted that this study demonstrated that
exercise has marked effects on AT that in turn influence systemic physiology.

Product Theater (Sponsored by Boehringer Ingelheim and Eli Lilly)

FROM SIGNS TO GLYCEMIC IMPACT: EXPLORING THE ROLE OF GLYCOSURIA IN T2DM

Mohammad Abdul-Ghani, MD, PhD (University of Texas Health Science Center, San Antonio,
TX) and Carol Wysham, MD (University of Washington, Seattle, WA)

Drs. Carol Wysham and Muhammad Abdul-Ghani attracted a standing-room only crowd, despite the noise
level of the exhibit hall, with a basic science presentation focusing on the mechanistic roles of SGLT-2
receptors, particularly in type 2 diabetes. Dr. Wysham began the presentation with an overview of the
impact of glucotoxicity on beta cells and noted that people with diabetes carry a risk of cardiovascular
events similar to people with cardiovascular disease and no diabetes. Dr. Abdul-Ghani then explained the
role of SGLT-2 transporter, noting that glycosuria results when its capacity (about 180 mg/dl) is exceeded
at normal transporter expression levels. However, SGLT-2 protein levels are increased in type 2 diabetes, as
shown by the over-expression of renal SGLT-2 in rats with diabetes. Furthermore, studies of human
exfoliated proximal tubule epithelial cells show increased SGLT-2 and GLUT2 transporter expression. Dr.
Abdul-Ghani noted that in mouse models with a SGLT-2 gene deletion, the absence of SGLT-2 transporters
dramatically lowered fasting plasma glucose by roughly 60-70 mg/dl (p <0.001). Furthermore, diabetic
mice with this deletion showed improved beta cell function compared to control diabetic mice, as shown by a
two-fold increase in insulin secretion under hyperglycemic clamp. Dr. Abdul-Ghani further explained that
the benign spontaneous loss of SGLT-2 function in a rare condition called familial renal glycosuria provides
evidence that SGLT-2 inhibition therapy will be safe.

Insulin Therapies

Oral Sessions: Insulin Analogs

REDUCED NOCTURNAL HYPOGLYCEMIA AND WEIGHT LOSS WITH NOVEL LONG-ACTING
BASAL INSULIN LY2605541 COMPARED WITH TYPE 2 DIABETES (347-OR)

Richard M. Bergenstal, MD (International Diabetes Center, Minneapolis, MN)
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Dr. Bergenstal presented a 12-week 2:1-randomized, open-label, parallel-design comparison of Lilly's basal
insulin analog LY2605541 (PEGylated insulin lispro, hereafter LY) vs. insulin glargine in 188 patients with
type 2 diabetes who were poorly controlled on basal insulin. LY and glargine conferred similar
improvements in mean fasting blood glucose (118 vs. 117 mg/dl, from baselines of 147 and 140 mg/dl) and
mean A1c (7.0% vs. 7.2%, from baselines of 7.7% and 7.8%). However, patients using LY experienced relative
improvements in both nocturnal hypoglycemia (48% baseline-adjusted rate reduction; p=0.021) and intra-
day glucose variability as measured by standard deviation of eight-point SMBG (34 vs. 39 mg/dl). People
on LY also had significant weight loss (-0.58 kg [1.27 lbs]) in contrast to the significant weight gain with
glargine (0.31 kg [0.68 lbs]). LY patients also ended the study with relatively higher levels of triglycerides
than the glargine group (172 vs. 147 mg/dl; p<0.01) and significant relative increases in the liver enzymes
AST and ALT - though these remained in the normal range (p<0.01). Dr. Bergenstal said that the weight
loss and triglyceride elevation suggest that LY might have more liver-specific effects than other insulins - a
hypothesis supported by other early research on the new analog. During Q&A, an audience member noted
that Lantus might have performed better in this regard if the analogs had instead been dosed in the evening
- a protocol that will be included in phase 3 testing.

▪ Lilly's novel basal insulin analog consists of insulin lispro attached to a 20 kDa PEG
group (i.e., it is "PEGylated"). This modification increases the actual molecular size to 26 kDa
and the functional size to 71-98 kDa (i.e., functionally larger than albumin). LY has a slow
absorption profile, with a peak-to-trough ratio of just 1.5 (ADA 2012 1063-P) and favorable steady-
state profile across a range of studied doses (0.33 to 1.0 U/kg; ADA 2012 1000-P). Other ADA 2012
presentations describe how LY seems not to be affected by renal impairment (1148-P) and how it has
demonstrated a preferential hepatic effect compared with human insulin in a somatostatin-infused/
glucagon-replaced conscious dog model (1609-P).

▪ This analysis included people with type 2 diabetes that were not at glycemic goal on
basal insulin therapy (n=248 on glargine, n=39 on NPH). Patients were randomized to AM
dosage of LY (n=195) or glargine (n=93) from their previous basal insulin therapies. At baseline the
groups were comparable in mean ± SE A1c (7.7±0.1% vs. 7.8±0.1%), fasting blood glucose (147±3 vs.
140±4 mg/dl), weight (90.7±1.4 vs. 89.7±2.1 kg), BMI (roughly 32 kg/m ), diabetes duration2

(roughly 12 years), and prior mean glargine daily dosage. The majority of participants were
Caucasian (93-94%).

▪ At 12 weeks, the LY and glargine groups had statistically equivalent mean fasting
glucose as measured by SMBG (1118±2 vs. 117±3 mg/dl), the study's primary endpoint.
The groups were also similar in mean 12-week A1c (7.0±0.06 vs. 7.2±0.9%). Central lab
measurements of fasting glucose were slightly higher than the self-measured values, which Dr.
Bergenstal said is common due to the lag between sample collection and analysis. The central lab
values were also not significantly different between groups at 12 weeks (147 vs. 151 mg/dl).

▪ LY and glargine did not significantly differ in 30-day event rates of hypoglycemia,
either overall (1.34 vs. 1.52, p=0.80) or nocturnal (0.25 vs. 0.39, p=0.18), though LY-
using patients had a 48% rate reduction in nocturnal hypoglycemia events after
adjusting for baseline rates. Intra-day glycemic variability (standard deviation of seven-point
SMBG profiles) was statistically significantly smaller with LY than glargine (34.4 vs. 39.1 mg/dl;
p=0.03). The two analogs were not statistically significantly different with regard to inter-day
variability (SD of eight-point profiles: 10.8 vs. 13.7 mg/dl; SD of daily SMBG 18.6 vs. 20.0 mg/dl),
though Dr. Bergenstal noted that the LY group experienced numerically less inter-day variability.

▪ Notably, patients on LY underwent statistically significant weight loss from baseline
(0.58 kg [(1.28 lbs], p=0.007), as compared to non-statistically significant weight gain in the
glargine group (0.31 kg [0.68 lbs], p=0.66). These divergent effects made for a statistically
significant between-group LS mean difference of 0.84 kg (1.85 lbs).

▪ Adverse event rates were balanced between groups, but significant between-group
differences were observed in the levels of triglycerides and liver function enzymes.
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Baseline triglyceride levels in the LY and glargine groups were 163 and 160 mg/dl, respectively. By
12 weeks, triglycerides had posted a statistically non-significant rise in the LY group and a decline in
the glargine group, making for a statistically significant gap between the two groups (172 vs. 147 mg/
dl). Changes in cholesterol levels were similar between LY and glargine. As for liver function
enzymes, in the LY and glargine groups, respectively, ALT levels were 26 vs. 27 U/l at baseline and
33 vs. 26 U/l at 12 weeks, and AST levels were 23 vs. 24 U/l at baseline and 26 vs. 24 U/l at 12
weeks. Two patients had significant (>3x normal) elevations: one experienced normalization four
weeks later, and the other was lost to follow-up.

Questions and Answers

Q: Even in the studies with steady-state use of glargine, there is more variability at the end of
the dose. The design of the study - giving Lantus in the morning - is specifically designed to
find that flaw in Lantus. Maybe the between-group comparison would have been different with
night-time dosing of Lantus.

A: We wanted to give both insulins at the same time every day. We could have done them both in the evening,
but you could have said that would favor LY because Lantus has more of a bump and so you'd get nocturnal
hypoglycemia. We had to pick one option, we did it carefully, and we will go into phase 3 - where there will be
evening dosing and variable dosing - so this issue will be addressed.

THE NOVEL LONG-ACTING INSULIN LY2605541 IS SUPERIOR TO INSULIN GLARGINE IN
LOWERING INTRA-DAY GLUCOSE VARIABILITY AND HYPOGLYCEMIA EVENT RATE FROM
CONTINUOUS GLUCOSE MONITORING (CGM) IN PATIENTS WITH TYPE 2 DIABETES
(346-OR)

Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

Dr. Bergenstal presented a CGM sub-analysis of the previously presented study (347-OR). Patients in the
glargine (n=25) and LY2605541 (n=51) groups were put on three days of CGM (Medtronic iPro) during the
weeks before week zero, six, and 12 study visits. Compared to glargine, LY2605541 demonstrated improved
intra-day and similar inter-day glucose variability, lower incidence of hypoglycemia, less time spent in
hypoglycemia, and a reduced low blood glucose index (LBGI; a measure developed by Dr. Boris Kovatchev).
Dr. Bergenstal showed slides demonstrating that this subset of patients was similar to patients in the main
trial, though some questioners took issues with the unbalanced group sizes and statistical comparisons. We
look forward to the larger CGM analyses planned for hundreds of patients in the phase 3 trials.

▪ This CGM subanalysis of a larger study (347-OR) included 51 patients on LY2605541
and 25 patients on glargine. Patients had a mean A1c of 7.7% and a mean age of 60 years.
Baseline criteria were not significantly different between the two groups. Additionally, SMBG
comparisons (mean blood glucose, fasting glucose by SMBG, and fasting glucose by laboratory) were
not significantly different between the two groups in this CGM cohort and the two groups in the
main study.

▪ LY2605541 was associated with significantly lower within-day glycemic variability
compared to glargine. Standard deviation of blood glucose during the day (6 am-12 am) was 45
mg/dl for glargine vs. 37 mg/dl for LY2605541 (p=0.04). At night (12 am-6am), the difference was
borderline insignificant (p=0.06): 24 mg/dl for glargine vs. 18 mg/dl for LY2605541. Between-day
glycemic variability was not significantly different between glargine and LY2605541.

▪ Relative to glargine, LY2605541 had a significantly lower incidence of hypoglycemia,
significantly less time spent in hypoglycemia, and a significantly lower low blood
glucose index (LBGI). Hypoglycemia incidence at week 12 was significantly lower for glargine vs.
LY2605541 over 24 hours (78% vs. 50%; p=0.04) and overnight (48% vs. 21%; p=0.03). Time spent
in hypoglycemia (<70 mg/dl) over 24 hours was 83 minutes with glargine vs. 25 minutes with
LY2605541 (p=0.01). The difference was not significant for time spent <50 mg/dl (p=0.11), though
it trended in the right direction (20 minutes with glargine vs. 5 minutes for LY2605541). LBGI
improved as well: 1.6 for glargine compared to 0.6 for LY2605541 (p=0.01).
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Questions and Answers

Q: Very nice data congratulations. I'm not quite sure you really excluded prolonged
hypoglycemia. By nature, less hypoglycemia events means time spent in hypoglycemia should
always be lower. What I suggest looking at is when you are <70 mg/dl, how long did it take to
go up again. The average time per episode.

A: Thanks. We're happy to do that. And thank you for contributing the graphics to the leading slides.

Q: I'm wondering about the PEGylation on lispro. What happens when the insulin hooks up to
the receptor?

A: I'll be honest, I cannot say what happens to the PEGylation of the molecule. Insulin still binds to the
receptor. Somewhere along in the process, the PEGylation does get metabolized. It seems to be excreted in the
biliary tract. The binding kinetics all look very promising when you say, 'Does it have more mitogenicity?' No.
'Does it have longer dwell time,?' No. It has a good safety profile.

Q: This was a subanalysis of the larger study. There were 25 patients in the glargine group vs.
50 patients in the LY group. By definition, you will have lower variability by doubling the
patient size. It's hard to compare the results. You should make the power similar.

A: That's a good comment. We've corrected this as much as we can. The reason it's doubled is there were three
groups and 25 in each groups. Two of the groups happened to be lispro. I know we did not find differences in
the first study. We'd be happy to break them out. My guess is there is no difference.

Q: How would this compare to degludec, which is probably several years ahead of you.

A: You can bet I'm going to answer that one. We are in need of continuing to improve basal insulins - longer,
flatter, and less hypoglycemia. The more of them, the better. Let the best man win. Or rather, let all win. Let's
wait until they're all available on the market we'll test them and see.

Q: Rich, most surprising to me was the amount of time spent in hypoglycemia for the glargine
group. I was surprised - it almost looked like a type 1 diabetes study. There was lots of
hypoglycemia. Maybe you expected that? This was a small sample size. Did you have plans to
do CGM in larger studies? It seemed like way too much hypoglycemia.

A: I don't know if we expected it. But we're seeing more hypoglycemia than people think is observed. These
patients were in decent control at an A1c of 7%. Yes, phase 3 has CGM built in and several hundreds of
patients.

ALTERING THE TIME OF DAY OF ONCE-DAILY DOSING OF INSULIN DEGLUDEC ACHIEVES
SIMILAR GLYCEMIC CONTROL AND SAFETY COMPARED TO DOSING THE SAME TIME OF
DAY IN PEOPLE WITH TYPE 1 DIABETES (348-OR)

David L. Russell-Jones, MD (Royal Surrey Country Hospital, Guildford, United Kingdom)

Dr. Russell-Jones presented data from a 26-week treat-to-target trial comparing two dosing regimens of
degludec (once-daily with dinnertime vs. a "forced flexible" schedule with alternating intervals of eight and
40 hours) for basal-bolus therapy with insulin aspart in people with type 1 diabetes (n=329; mean age
43-45 years, disease duration 17-20 years, BMI 26-27 kg/m , ~80% white). The two degludec regimens2

were equivalent with regard to A1c reduction (0.4% from baseline of 7.7% in both groups) and similar in
overall incidence of hypoglycemia below 56 mg/dl (82.4 vs. 88.3 events/patient-year), severe hypoglycemia
(0.34 vs. 0.37 events/patient-year), and non-glycemic adverse events. The flexible regimen caused
significantly smaller changes in mean fasting plasma glucose (-23.0 vs. -45.7 mg/dl, from baselines of 172.7
and 179.4 mg/dl) but produced significantly lower rates of nocturnal hypoglycemia below 56 mg/dl (6.2 vs.
9.6 events/patient-year, 37% rate reduction). Dr. Russell-Jones hypothesized that the forced-flexible group
may have experienced less hypoglycemia and higher mean blood glucose because the study's investigators
and patients were relatively more cautious until they grew accustomed to the unconventional dosage
schedule.
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▪ The presentation by Dr. Russell-Jones was on a prespecified subanalysis of the BEGIN
Flex 1 study, which also included a once-daily glargine arm. In a 26-week extension period
of the 26-week study, forced-flexible and once-daily degludec patients were allowed to use "free
flexible" dosing. Basal-bolus therapy with the free flexible degludec regimen, relative to once-daily
glargine, was demonstrated to provide equivalent glycemic control with less nocturnal hypoglycemia
(ADA 2012 2162-PO).

▪ Basal insulin dosage increased slightly from week 1 to week 26 in both groups: from
0.35 U/kg/day to 0.42 U/kg/day in the forced flexible arm, and from 0.34 U/kg/day to 0.38 U/kg/
day in the once-daily arm. Titration was based on a simple formula targeting a pre-breakfast fasting
glucose of 4.0-5.0 mmol/l (72-90 mg/dl), with daily dose adjusted by +/- two units if the two-to-
three day average result was outside this glucose range.

▪ Dr. Russell-Jones concluded that the viability of flexible degludec dosage could
present a significant advantage to patients in terms of both convenience and
likelihood of treatment adherence. As a reminder, flexible dosage has been shown a safe and
effective option in type 2 diabetes as well (see page 163 of our ADA 2011 full report at
https://closeconcerns.box.net/shared/dz9hr6m94mu0ehsteybc).

Questions and Answers

Q: Patients on the forced-flexible regimen had higher FPG and reduced risk of hypoglycemia -
might their glucose have run higher at night?

A: As I showed, the 4 am sample in the 9-point SMBG profile was not statistically significantly different. As an
investigator or a patient in this study, you were told that there is a new long-acting dose that can be dosed
alternately at 40 and 8 hrs. Under these circumstances there is a natural wariness on all parts, and I expect
they were a little more careful until they got used to it.

Q: Did you compare blood glucose values between consecutive days in the forced-flexible
regimen, to see whether there were differences when the interval was 40 hours vs. eight
hours?

A: One of the safety points is that a lot of blood glucoses are measured and recorded. There were slight
differences but these didn't reach significance.

Q: The mean fasting glucose achieved was 138 - can you comment on the failure of treating to
target [i.e., 90 mg/dl]?

A: I think treating to target is always difficult in multicenter / multinational studies. Also, there was some
nervousness in using the new insulin. The important thing is that there was a significant reduction in glucose
values.

Q: Could you comment on the high hypoglycemic rate vs. other studies in type 1 diabetes? In
this study it was nearly 90 events per patient-year, as opposed to 40 events per-patient year in
a recent study published in Lancet [Editor's note: we think this is a reference to the 2012
Lancet paper by Heller et al. comparing glargine and degludec in basal-bolus dosing].

A: The event rate is indeed slightly higher than in some other studies. We are assuming that this is because
patients they were made to measure glucose much more frequently than in other trials - when you measure
more frequently you find higher rates of hypoglycemia, as has been previously shown. This was a very
rigorous protocol; the insulin glargine arm had similar rates of hypoglycemia.

INSULIN DEGLUDEC 200 U/ML IS ULTRA-LONG-ACTING AND HAS A FLAT AND STABLE
GLUCOSE-LOWERING EFFECT (349-OR)

Tim Heise, MD (Profil Institute for Metabolic Research, Neuss, Germany)

Dr. Heise discussed a small PK/PD study of U200 degludec in 16 patients with type 2 diabetes (mean BMI:
30 kg/m², mean A1c: 7.3%). The U200 formulation will allow up to 160 units of degludec to be administered
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in a single injection using a newly developed prefilled pen (vs. 80 units of degludec in the U100
formulation). This study examined U200 degludec delivered at 0.6 units/kg. The study found that the U200
formulation had very similar properties to the U100 formulation. Pharmacodynamics for degludec U200,
measured as AUC GIR 0-12 hours/AUC GIR 12-24 hours was 54%, compared to 53% for the U100
formulation. Terminal half life for the U200 formulation was 26.2 hours, compared to 25.1 hours for the
U100 formulation.

Questions and Answers

Q: There is a concern among clinicians that if you're dosing an ultra long acting insulin that
goes beyond 36-40 hours, and you're doing it every 24 hours, you'll see stacking of insulin and
hypoglycemia. That did not seem evident from the data presented.

A: There is a misperception that if something is long acting, it will increase forever. As is true for drugs, once
you reach a steady state, you stay at steady state. What you give in the body is what you get out of body. The
levels remain the same.

HUMAN HYALURONIDASE + RAPID ANALOG INSULIN (RAI) IMPROVES POSTPRANDIAL
GLYCEMIC CONTROL IN TYPE 1 DIABETES (T1DM) COMPARED TO INSULIN LISPRO
ALONE (353-OR)

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

Dr. Hirsch presented the results from a crossover design study of Halozyme's PH20 in 117 patients with type
1 diabetes on MDI. It compared a coformulation of lispro or aspart plus PH20 (hence referred to as analog-
PH20) to lispro alone. Patients were randomized to one of the two groups for 12 weeks of treatment and
then crossed over to the other group for another 12 weeks of treatment. The study met its primary endpoint
for A1c non-inferiority - A1c at screening was 7.4% in both groups, 7% at baseline four to six weeks later,
and ended the study at 6.8% for lispro alone and 6.9% for analog-PH20. PH20 really shined in improving
postprandial glucose excursions (an 82% overall reduction vs. lispro alone; p=0.004) and reducing
hypoglycemia events ≤70 mg/dl by 5% (p=0.035) and events <56 mg/dl by 7% (p=0.045). Total daily
insulin dose was similar between both groups (slightly trending in favor of PH20) and weight gain was
negligible for both groups (again slightly trending in favor of PH20). The safety profile looks quite good,
with no apparent sign of increased injection site pain, reactions, or adverse events. The two 12-week study
periods recorded five severe hypoglycemia events when patients were on lispro-alone, compared to one
event when on analog-PH20 - as PH20 moves to larger phase 3 studies, we think the differences will become
even more noticeable. As a reminder, in addition to the PH20 coformulation strategy outlined in this study,
Halozyme has also tested the effect of pre-administration of PH20 prior to insulin pump infusion set
insertion; see abstract 34-LB for more details.

▪ This double blind, crossover design study randomized 117 people with type 1 diabetes
with a mean age of 43 years, a mean A1c of 7%, and a mean BMI of 27.3 kg/m .2

Participants were 55% male, 95% white/Caucasian. The study occurred at 18 sites. Three patients
withdrew consent to participate in the study and one was lost to follow-up, leaving 113 completers.

▪ After a 4-6 week run-in period using prandial glulisine plus twice daily glargine,
participants were randomized to use either lispro plus PH20 (intervention), aspart
plus PH20 (intervention), or lispro alone (comparator) for 12 weeks. Patients then
crossed over to the comparator group or intervention group as appropriate for a second treatment
period of 12 weeks. All participants received twice daily insulin glargine throughout study.
Randomization only occurred if patients were able to meet fasting blood glucose targets of 80-120
mg/dl. During treatment periods the focus was on postprandial targets <140 mg/dl. Prandial doses
were given immediately before meals. Aspart plus PH20 consisted of normal insulin aspart (100
units/ml) formulated with rHuPH20 (5 μg/ml) and Lispro-PH20 consisted of normal insulin lispro
(100 units/ml) formulated with rHuPH20 (5 μg/mL). Both were in preserved formulations suitable
for storage at 77 degrees Fahrenheit (25 degrees Celsius) for up to four weeks.
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▪ The primary endpoint, A1c, was not significantly different between lispro alone and
Analog-PH20. The study easily achieved the pre-specified noninferiority margin of 0.4%.

A1c at Screening A1c at Baseline A1c at Endpoint

Lispro 7.4% 7.0% 6.8%

Analog-PH20 7.4% 7.0% 6.9%

▪ Use of PH20 was associated with an 82% overall reduction in postprandial (90 min)
glucose excursions over the 12 week period (p=0.004). This data was also summarized on
slides showing a ten-point glucose profile for insulin lispro alone and analog-PH20. These graphs
(and the table below) showed that the reduction in post-meal spikes was most noticeable after
breakfast and after dinner.

Meal % Reduction in Glycemic Excursion

Breakfast 73% (p=0.017)

Lunch 34% (p=0.44)

Dinner 219% (p=0.04)

Overall 82% (p=0.004)

*Overall mean postprandial glucose change (90 minutes) from pre-meal baseline using routine SMBG monitoring throughout each

treatment phase.

▪ Compared to using lispro alone, use of analog-PH20 reduced overall hypoglycemic
events (≤70 mg/dl) by 5% (p=0.035) and events <56 mg/dl by 7% (p=0.045).
Hypoglycemia include severe, documented symptomatic, asymptomatic, or probable symptomatic
(as defined by ADA and FDA draft guidance). Over the full 12 weeks of treatment, five episodes of
severe hypoglycemia occurred in the lispro only group compared to just one event in those on an
analog plus PH20. The slide did not specify a p-value for this comparison, so initially we were not
sure if this difference was statistically significant. However, this was certainly a valuable trend and
we suspect statistical significance would arise in a larger study; in a talk to Dr. Hirsch after the
presentation, he clarified that there were not enough events to do statistics on this.

▪ Total daily insulin dose was similar between both groups (slightly trending in favor of
PH20) while weight gain was negligible for both groups (slightly trending in favor of
PH20). Total daily dose was 54 units for analog-PH20 vs. 56 units for lispro alone (p=0.06). From
a baseline weight of 182 lbs, those in the lispro group gained 0.1 lbs on average while those in the
PH-20 group lost 0.25 lbs on average (a difference of -0.57 lbs; p=0.27).

▪ Adverse events were comparable between treatment periods. The analog-PH20 group had
53% of participants reporting at least one averse event, compared to 51% in the lispro alone group.
The two categories where PH20 trended higher for AEs were nervous system disorders (7 patients in
analog-PH20 (5.3%) vs. 3 patients for lispro alone (2.6%)) and skin and subcutaneous (6 patients in
analog-PH20 (6.1%) vs. 3 patients for lispro alone (2.6%)). For the other eight categories, AEs were
nearly identical. Treatment phase severe adverse events were limited to severe hypoglycemia, which
occurred in two subjects treated with lispro alone. (This represents a discrepancy from a previous
slide that stated five events in five patients were seen in the lispro alone group).

▪ No increase in injection site pain was observed with PH20. This analysis included all
randomized patients.

Analog-PH20 Lispro
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Total Injections Assessed 1281 1401

None 69.6% 70.0%

Minimal 30.4% 30.0%

Mild 5.9% 5.5%

Moderate 2.0% 2.9%

Moderately Severe 0.2% 0.6%

Severe and Not Tolerable 0.1% 0.1%

▪ There were no meaningful changes in insulin or PH20 immunogenicity profiles.
Thirteen patients had positive antibodies at baseline (prior to PH20 exposure) with a geometric
mean titer of 1:116. Twelve subjects had positive antibodies at endpoint with a geometric mean titer
of 1:120. No neutralizing antibodies have been detected in any PH20 trial to date.

Study
Sequence

Baseline
% of Sub/Mean%

Binding

End of Rx Period 1
% of Sub/Mean%

Binding

End of Rx Period 2
% of Sub/Mean%

Binding

Analog-PH20/
Lispro

86% 15.3 86% 14.0 81% 15.0

Lispro/Analog-
PH20

76% 14.9 82% 12.4 71% 17.3

Questions and Answers

Q: Why was there no significant difference in postprandial excursions at lunch time?

A: I cannot even speculate on that. You would expect to see it on all three meals. In our CGM data, we had
these differences at breakfast and dinner. But there was no difference in A1c.

Q: Do you see this therapy as compatible with pump? Or does constant infusion present
differences.

A: Obviously, some people are concerned with this mechanism of action with insulin pumps. We'll have to
wait and see. I'm excited to be involved in some pump studies. I am very hopeful that there are no problems
with this.

Comment: I think there is a poster using this in pump therapy. It used an injection of PH20
before insertion of the catheter.

Q: When was insulin administered before meals?

A: The way we usually do it with insulin therapy: right before eating.

Q: For injection site reactions, you showed the data on pain. What about erythema?

A: No. There was none whatsoever.

Q: Regarding the data you showed on immunogenicity, there was no evidence of that?

A: We didn't see it in this trial at all.
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EVALUATIONS OF MODIFIED ULTRA-RAPID ACTING LINJETA FORMULATIONS BIOD-105
AND BIOD-107 IN PATIENTS WITH TYPE 1 DIABETES (350-OR)

Jessica R. Castle, MD (Oregon Health & Science University, Portland, OR)

Dr. Castle reviewed phase 1 data on four ultra-rapid-acting variants of Biodel's Linjeta formulation:
BIOD-105 and BIOD-107 (both dropped from development due to unfavorable pharmacokinetic data),
BIOD-123 (the company's lead candidate, which is slated to begin a 70-patient phase 2 study in 3Q12), and
BIOD-125. Both BIOD-123 and BIOD-125 exhibited significantly faster time to half-max, non-significantly
slower time to max concentration, and slower drop-off in concentration. (The study was not powered to
evaluate pharmacodynamics, though the analogs' slower drop-off seemed to translate to a statistically non-
significantly slower drop-off in insulin action relative to lispro.) With regard to injection site tolerability - a
concern with the original Linjeta formulation - discomfort with BIOD-123 was rated 3.6 on a scale of 100,
comparable to 1.8 for lispro.

▪ Dr. Castle described a single-center, randomized, double-blind, three-period
crossover study in patients with type 1 diabetes (n=12) to compare BIOD-123 (Linjeta
formulation stabilized with magnesium sulfate) and BIOD-125 (stabilized with a
calcium salt) against Homolog (Lilly's insulin lispro). (The magnesium and calcium, which can act
as nerve-stabilizing agents, were added to the Linjeta formulation in order to reduce the Linjeta-
related injection site discomfort that was attributed to disodium EDTA). The size of the
subcutaneously delivered bolus was 0.2 U/kg for each analog. The study also included evaluation of
injection site tolerability. Results, which the company first reported on April 16, are presented below
(see additional details in the April 17, 2012 Closer Look at http://www.closeconcerns.com/
knowledgebase/r/88b09dee). Dr. Castle noted that the study was not powered to detect a difference
in pharmacodynamics, though lispro seemed to show a non-significant trend toward faster drop-off
in action than either BIOD-123 or -125.

Pharmacokinetic Profiles

Early T½ -max in
minutes

Tmax in minutes Late T½ max in
minutes

Humalog 27.0 ± 2.7 (25.9) 65.0 ± 7.0 (67.5) 151 ± 11 (150)

BIOD 123 9.8 ± 1.1* (9.6) 46.4 ± 14.9 (25.0) 206 ± 35 (170)

BIOD 125 12.4 ± 2.0* (9.4) 60.8 ± 15.2 (30.0) 179 ± 41 (140)

Linjeta 7.9 ± 0.5 29.4 ± 4.6 151.2

Data represent the mean ± SEM; median values are presented in parentheses. *p <0.001 vs. Humalog

Tolerability (VAS 0 -
100 mm)

Absolute Severity
Score

Relative Severity
Score

Humalog 1.8 ± 1.1 0.17 ± 0.11 2.92 ± 0.08

BIOD 123 3.6 ± 2.1 0.36 ± 0.15 2.91 ± 0.25

BIOD 125 6.8 ± 2.9* 0.50 ± 0.19 3.08 ± 0.26

Linjeta 22.0 ± 2.8 1.08 ± 0.21 3.54 ± 0.18

100 mm Visual Analog Scale: 0=no discomfort, 100=worst possible discomfort; Absolute Severity Scale: 0=None,

1=Mild, 2=Moderate, 3=Severe; Relative Severity (compared to usual meal-time injections): 1=Much less, 2=Less,

3=Equal, 4=Increased, 5=Greatly increased; *p <0.05 vs. Humalog
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▪ Dr. Castle also discussed two early-stage studies of BIOD-105 and BIOD-107, two fast-
acting insulin formulations that Biodel dropped from development last fall in light of
the evaluations' negative results (see the October 27, 2011 Closer Look at
https://closeconcerns.box.net/shared/cuk8sj5f7q5bfxvrijq3). Both studies were crossover-design
comparisons to lispro in people with type 1 diabetes, the first (n=18) with subcutaneous dosing and
the second (n=8) in pumps. Both BIOD-105 and -107 were absorbed significantly more rapidly than
lispro (T1/2 early 15.3, 16.6, and 23.7 min), and neither caused greater local injection-site discomfort
compared to lispro (which had been a problem for Linjeta, the candidate of which both BIOD-105
and -107 were variants). However, both formulations also had lower peak metabolic effects as
measured by GIRmax (5.8, 6.4, and 7.2 mg/kg/min) and slower declines in action profile as
measured by T1/2-GIR-late(279, 281, and 211 min) compared to lispro, which convinced Biodel to
pursue BIOD-123 and BIOD-125 instead.

Questions and Answers

Q: The new candidates still show a two-to-threefold difference in tolerability relative to the
comparator.

A: I would consider a 5 out of 100 on the discomfort scale to be very mild, but point well taken.

Q: I can't get my head around how this insulin works. You suggested it should be monomeric.
How can it then have a longer duration of action?

A: No one knows. Maybe after it is delivered subcutaneously, hexamers form to a small degree under the skin.
But it is a very mild increase in offset; we will check on this.

Q: How much evidence that it is completely monomeric when you inject it?

A: Dr. Alan Krasner has in vitro data on this. [Editor's note: Dr. Krasner is Biodel's chief medical officer]

Q: These formulations still don't have the same degree of PK advantage relative to Linjeta.
Might it not be better to go back to the original formulation where tolerability issues might be
less, especially for applications where boluses would be small - such as in closed-loop
research?

A: The PK profiles with the recent formulations are actually similar to the original Linjeta. We are also
interested in using our formulations with insulin analogs rather than human insulin to improve from here.

Q: Did the original formulation have this delayed clearance effect?

A: Yes, it did.

Oral Sessions: The Clinical Management of Diabetes

ASSOCIATION OF TREATMENT PERSISTENCE AND ADHERENCE WITH REAL-WORLD
OUTCOMES AMONG INSULIN-TREATED PATIENTS WITH TYPE 2 DIABETES MELLITUS
(T2DM) (15-OR)

Wenhui Wei, PhD (Sanofi, Bridgewater, NJ)

Dr. Wei presented the results of a study examining therapy adherence and persistence in patients with type
2 diabetes initiating insulin therapy. He and colleagues performed a pooled patient level analysis on
published database studies. Subjects analyzed (n=5000) were adults with type 2 diabetes who had
previously been on oral antidiabetic therapy or GLP-1 and who had initiated basal insulin analogs.
Treatment adherence was defined as percent of doses taken over a one-year period as measured by a
medication possession ratio (MPR), while persistence was measured by the number of days on treatment
without switching or discontinuation during that one-year period. 65% of patients persisted on therapy
during the course of the one-year follow-up, but the average MPR was only 45.3%. Patients who persisted
on therapy had significantly lower A1cs at the end of the year than their non-persistent counterparts, and
were less likely to experience hypoglycemia or an ER visit. Notable study limitations included the authors
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counting a claim for a filled prescription as medication consumption and their use of the MPR, which Dr.
Wei noted is not an ideal measure of adherence for insulin.

▪ A major question with insulin therapy is whether a patient actually takes it once you
prescribe it. Poor medication adherence is a major issue in type 2 diabetes. It is very difficult to
measure the treatment adherence and persistence in the real world.

▪ This study examined the association between insulin prescription versus adherence
and persistence among type 2 diabetes patients initiating basal insulin therapy. It
utilized a pooled patient level analysis from three published database studies that had all used the
same national managed care claim database (IMPACT). Patients included in the study (n=5000)
were adults with type 2 diabetes who were previously been on an oral antidiabetic therapy or GLP-1
and had recently initiated basal insulin analogs. Primary outcomes were treatment adherence
(percent of doses taken as prescribed over a one-year follow up period, measured by a medication
possession ratio over this period; adherence is defined as an MPR ≥ 80%) and persistence (defined
as remaining on treatment throughout the one-year follow-up period or the number of days on
treatment without discontinuation or switching during the one-year follow up). Additional outcomes
included A1c reduction from baseline after one year, hypoglycemia related events during the period,
and healthcare utilization costs.

▪ 65% of patients persisted on therapy over the course of the year, while the average
MPR was 45.3%. Patients remained on treatment for an average of 380 days. Patients who
persisted on therapy during the one year follow-up period were significantly less likely to experience
hypoglycemia or an ER visit. They additionally had significantly lower A1cs at one-year. Those who
persisted on therapy had significantly higher drug costs, but slightly lower healthcare costs, than
those who didn't. Similarly, prescription drug costs were higher for adherent patients than their
non-adherent counterparts. However, healthcare costs for the two groups were about the same.
Patients who were adherent had a significantly lower risk of being hospitalized and going to the ER.
Adherence was not associated with hypoglycemia rates or A1c change after a year. Notably, patients
who experienced one hypoglycemic episode during the course of treatment were much less likely to
persist on therapy.

▪ The study had a number of notable limitations. Most significantly in our view, it used the
presence of a claim for a filled prescription to calculate the MPR, although this measure does not
accurately reflect consumption. Additionally, it was a retrospective database study, so causality can't
be established, and it used a claims database, which may be subject to coding error. Lastly,
according to Dr. Wei, MPR is not an ideal measure of adherence for insulin, possibly limiting the
adherence conclusions.

CLINICAL CHARACTERISTICS AND OUTCOMES OF T2DM PATIENTS ADDING 1 TO 3
STEPWISE PRANDIAL INSULIN DOSES TO BASAL INSULIN AND ORAL THERAPY:
IDENTIFYING A PROBLEMATIC SUBGROUP (14-OR)

Matthew Riddle, MD (Oregon Health Sciences University, Portland, OR)

In the 60-week All to Target trial (clinicaltrials.gov ID: NCT0038405), patients with type 2 diabetes failing
on oral antidiabetics were randomized to twice-daily premixed 70/30 biaspart, insulin glargine with the
option to add one dose of insulin glulisine, or insulin glargine with the option to add up to three doses of
insulin glulisine. A1c reduction and A1c level differed little between the regimens at the end of the study;
insulin glargine with up to three prandial injections was not clearly more effective than the other regimens.
This recent subgroup analysis investigated why adding up to three injections of prandial insulin did not
produce better results than one injection. At baseline, participants (n=191) had a mean age of 55 years,
diabetes duration of 9.5 years, BMI of 32.7 kg/m , and A1c of 9.4%; all used 2-3 oral antidiabetics). Those2

who took insulin glargine only (G+0), insulin glargine plus one (G+1), two (G+2), or three (G+3) injections
of insulin glulisine at endpoint (week 60 or LOCF) had baseline A1cs of 9.1%, 9.2%, 9.6%, and 10.4%,
respectively (mean A1c was higher for the G+3 group). At endpoint, mean A1c and insulin dose were higher
in the G+3 group (8.3%; 1.83 U/kg) compared to G+0 (6.8%; 0.63 U/kg), G+1 (6.9%; 0.95 U/kg), and G+2
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(7.3%; 1.22 U/kg). There were no significant differences in weight gain or hypoglycemia between the four
groups. In conclusion, Dr. Riddle noted that those not attaining glycemic control (A1c <7%) with a simple
regimen of basal insulin alone or basal insulin + one injection of prandial insulin pose therapeutic problems
not routinely solved by full basal-prandial insulin regimens. He also mentioned that high baseline A1c is the
most obvious predictor of poor outcomes, and that both physical and psychological factors contribute to the
challenges this group faces.

Questions and Answers

Q: I was so taken aback by the figures you showed where A1c from 24 weeks onward did not
budge, yet insulin dose continued to go up. You mentioned that there might be some level of
insulin resistance we're not catching, and some adherence we're not catching, but what does
your gut tell you is going on?

A: My gut tells me that more than one thing is going on. There are physiological differences between these
people. Concurrent illnesses interfere for some people. I'm confident that behavioral problems with adherence
also contribute.

Q: Since the patients started off with higher glucose levels, is it possible that arbitrary time
intervals were less sufficient for those who had the highest baseline A1cs to start? If you have
an arbitrary 12-week cut, maybe that amount of time wasn't enough for some of those with the
highest baseline A1cs. Was the percentage of patients who had fasting glucose less than 100
mg/dl on insulin glargine alone the same after that 12-week interval?

A: I don't have the data to answer that question, but to answer your implied speculation, I don't think
changing time intervals or the duration of the study would have changed the results very much because of the
plateau after 36 weeks.

Posters

INITIAL CLINICAL EXPERIENCE WITH HYALURONIDASE PREADMINISTRATION IN THE
TREATMENT OF TYPE1 DIABETES BY SENSOR-AUGMENTED ANALOG INSULI PUMP
THERAPY (34-LB)

Douglas Muchmore, Linda Morrow, Marcus Hompesch, and Daniel Vaughn

This poster presented interim results from an ongoing phase 4, double-blind, randomized, crossover study
examining preadministration of rHuPH20 hyaluronidase (Halozyme's Hylenex) in pump users. A single
injection of Hylenex or sham was given at the time of each infusion set change. Although the study is small
(n=11) and not yet completed, the data looks strong thus far: preadministration of Hylenex resulted in
significantly faster insulin absorption, shorter duration of action, and significantly improved postprandial
glucose values relative to sham injection. Adverse events were minor and do not seem to be an issue,
although one patient reported infusion site pain and one reported a stinging sensation after Hylenex
treatment. We believe the preadministration strategy has a major advantage over the insulin coformulation
strategy, as Halozyme's Hylenex is already FDA approved for other indications to speed subcutaneous drug
delivery. Of course, one major downside to preadministration is the extra patient hassle, though this seems
minor if it's only once every three days. From a commercial perspective, the downside to preadministration
is limiting the target market to pump users, though the regulatory advantages would somewhat offset this -
although the fact that it isn't yet approved for pump use would likely limit the payment for it. As we noted in
Halozyme 1Q12 (see our report at http://bit.ly/LSEFDq), the company is developing its PH20 coformulation
programs for MDI and pump users in parallel and is in partnership talks for each. An insulin pump
indication for Hylenex preadministration is also being considered; a decision on this is expected in 2H12 -
possibly at the company's October 2 analyst meeting, which is slated to include phase 4 data on the pump
program.

▪ This ongoing, phase 4 study examined the preadministration of hyaluronidase in
pump users in an inpatient and outpatient setting. The double-blind, crossover design study
randomized pump users to a sham injection or a single injection of 150 units in one cc of PH20
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(Halozyme's Hylenex; FDA approved for other indications) at the time of each infusion set change.
Participants came to the clinical research setting for euglycemic clamps (0.15 units per kg bolus) at
the study beginning (clamp one; performed within four hours), after three days of continuous use
(clamp two), and returned every three days thereafter for insertion of a new infusion set and a test
meal. All infusion set changes occurred in the clinical research setting. Participants used sensor
augmented pumps for 12 days during each treatment phase. The inpatient data includes the two
clamp experiments and the in-clinic meal challenges. The outpatient results come from CGM data.

▪ Interim results include data from 11 individuals (in-clinic) and three individuals
(outpatient) with type 1 diabetes. In-clinic participants to date have included eight females and
three males with a mean age of 31 years, a mean BMI of 25 kg/m , and a mean A1c of 7.8%.2

Outpatient results include data from: (1) a 22-year old Caucasian female (BMI: 26.7 kg/m , A1c:2

8.4%); (2) a 38-year old Hawaiian female (BMI: 29.9 kg/m , A1c: 7.9%), and (3) a 21-year old2

Caucasian female (BMI: 21.9 kg/m , A1c: 8.4%). All three patients were experienced pumpers,2

although patients (2) and (3) were new to CGM.

▪ Relative to sham, preadministration with Hylenex resulted in a significantly faster
insulin onset of action and shorter duration of action. The following table includes interim,
in-clinic data from 11 participants. In the two tables shown below, p-values for treatment effect are
mixed models with fixed effects for treatment, day, and interaction; compound symmetric
covariance matrix among repeated measures was assumed.

Sham Hylenex Treatment
Effect

Clamp 1 Clamp 2 Clamp 1 Clamp 2

Onset of
Action (early

T50%, mins)

66 41 36 29 -21 (p=0.005)

Duration of
Action (mins)

160 132 119 113 -30

(p<0.0001

▪ Following an solid meal challenges, Hylenex preadministration resulted in
significantly improved postprandial glucose values. The following table includes interim
data from eleven participants in the sham arm and ten in the Hylenex arm. Test solid meals were
patient specific, standardized meals and insulin doses were given immediately prior to meal
consumption. No details in the poster were given on meal size. We're also not clear on why one
patient was missing from the Hylenex group in the table below, though it may be related to the
ongoing nature of the study.

Mean Postprandial Glucose (mg/dl) Following Solid Meal Challenge

Sham Hylenex Treatment Effect

One Hour 184 143 -44 (p<0.0001)

90 Minutes 175 134 -43 (p<0.0001)

Two Hours 162 131 -33 (p=0.01)

▪ Outpatient interim CGM data from three patients treated suggests a slightly lower
mean blood glucose and better time in range after using Hylenex. Data reported is an
average of 24-hour CGM readings. Patient (1) had a mean blood glucose 5 mg/dl lower after Hylenex
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preadministration, patient (2) had a mean 10 mg/dl lower, and patient (3) had a mean 30 mg/dl
lower.

Percentage of CGM Readings

mg/dl Patient 1 Patient 2 Patient 3

Sham Hylenex Sham Hylenex Sham Hylenex

70-180 60 66 47 60 37 38

<70 5 3 4 2 2 5

HUMAN HYALURONIDASE + RAPID ANALOG INSULIN (RAI) IMPROVES POSTPRANDIAL
GLYCEMIC CONTROL IN TYPE 2 DIABETES (T2DM) COMPARED TO INSULIN LISPRO
ALONE (882-P)

Richard Bergenstal, David Klonoff, Timothy Bailey, Daniel Vaughn, Douglas Muchmore

This poster complemented the type 1 results presented by Dr. Hirsch on Day #4 of ADA. It compared a
coformulation of lispro or aspart plus PH20 (hence referred to as analog-PH20) to lispro alone. Patients
were randomized to one of the two groups for 12 weeks of treatment and then crossed over to the other
group for another 12 weeks of treatment. The study met its primary endpoint for A1c non-inferiority - A1c at
screening was 7.8% in both groups, 7.1% at baseline four to six weeks later, and ended the study at 6.7% for
lispro alone and 6.6% for analog-PH20. PH20 showed a benefit in improving postprandial glucose
excursions by 21% overall vs. lispro alone (p=0.0001; smaller than the 82% benefit in the type 1 study).
Additionally, PH20 was associated with a significant 81% increase (p=0.014) in the number of patients
achieving one and two-hour postprandial goals <140 mg/dl. Total daily insulin dose, weight change,
injection site pain, rates of hypoglycemia, and number of adverse events were not significantly different
between the two treatment periods. The data is nearly identical to the type 1 MDI results presented by Dr.
Hirsch, although there was no benefit on hypoglycemia in this type 2 study (and a non-significant trend
towards more severe hypoglycemia).

▪ This double blind, crossover design study randomized 121 people with type 2 diabetes
with a mean age of 49 years, a mean A1c of 7.1%, and a mean BMI of 35 kg/m .2

Participants were 60% male and six patients did not finish the study, leaving 115 completers.

▪ After a 4-6 week run-in period using prandial glulisine plus twice daily glargine,
participants were randomized to use either lispro plus PH20 (intervention), aspart
plus PH20 (intervention), or lispro alone (comparator) for 12 weeks. Patients then
crossed over to the comparator group or intervention group as appropriate for a second treatment
period of 12 weeks. All participants received twice daily insulin glargine throughout study.
Randomization only occurred if patients were able to meet fasting blood glucose targets of 80-120
mg/dl. During treatment periods the focus was on postprandial targets <140 mg/dl. Prandial doses
were given immediately before meals.

▪ The primary endpoint, A1c ,was not significantly different between lispro alone and
Analog-PH20. The study easily achieved the pre-specified noninferiority margin of 0.4%.

Mean A1c at
Screening

Mean A1c at
Baseline

Mean A1c at
Endpoint

Lispro 7.8% 7.1% 6.7%

Analog-PH20 7.8% 7.1% 6.6%
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▪ Use of PH20 was associated with an 21% overall reduction in postprandial (90 min)
glucose excursions over the 12 week period (p=.0001). Data is from routine SMBG
monitoring throughout each treatment phase. This data was also summarized on graphs showing
three-day CGM data during the last two weeks of treatment. These graphs (and the table below)
showed that the reduction in post-meal spikes was most noticeable after breakfast and after dinner.

Postprandial Glucose Excursions (mg/dl)

Meal Lispro Alone Analog-PH20 % Reduction in
Glycemic Excursion

Breakfast 23.2 18.1 -22% (p=0.0005)

Lunch 23.5 21.3 -9% (p=0.51)

Dinner 20.5 15.7 -23% (p=0.033)

Overall 21.7 17.2 -21% (p=0.001)

*Overall mean postprandial glucose change (90 minutes) from pre-meal baseline using routine SMBG monitoring

throughout each treatment phase.

▪ A significantly higher percentage of patients during the analog-PH20 treatment
period reached postprandial goals. Data in the table below refers to the percentage of patients
able to meet postprandial goal for at least two-thirds of meals during three days of ten-point SMBG
testing.

Lispro Alone Analog-PH20 % Increase

2 hour <140 mg/
dl

28% 45% 61% (p=0.0007)

Both 1 and 2 hour
<140 mg/dl

15% 27% 81 (p=0.04)

▪ There was no significant difference between lispro alone and analog-PH20 in terms of
hypoglycemic events. Analog-PH20 had an non-significant increase in severe hypoglycemia
events. This was in contrast to the type 1 diabetes study, where PH20 was associated with a benefit
on hypoglycemia and a non-significant improvement in severe hypoglycemia.

Overall 12-week Hypoglycemia Event Rate
(rate per four weeks, events per patient)

Lispro Alone Analog-PH20 P-Value

<70 mg/dl 7.66 7.92 0.41

<56 mg/dl 1.78 1.99 0.25

Severe
Hypoglycemia

0 1 patient with 1 event

1 patient with 3 events

NS

▪ Weight gain and total daily insulin dose were similar between both groups. Total daily
dose was 123 units for analog-PH20 vs. 127 units for lispro alone. Body weight increased by 3.44 lbs
during treatment with lispro alone and 3.35 lbs with analog-PH20.
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▪ Adverse events were comparable between treatment periods. The analog-PH20 group had
64% of participants reporting at least one averse event, compared to 51% in the lispro alone group.
The three categories where analog-PH20 had more than a one-patient difference from lispro alone
for AEs were gastrointestinal disorders (18 patients in analog-PH20 (14.9%) vs. 9 patients for lispro
alone (7.6%)); metabolism and nutrition (four patients in analog-PH20 (3.3%) vs. one patient for
lispro alone (0.8%)); and musculoskeletal/connective tissue (9 patients for lispro alone (7.6%) vs. 12
patients for analog-PH20 (9.9%)). Five subjects had severe adverse events: three cardiac disorders
on aspart-PH20, one nervous system disorder on lispro alone, and one nervous system disorder on
aspart-PH20.

▪ No increase in injection site pain was observed during the analog-PH20 treatment
period. This analysis included all randomized patients and was similar to that observed in the type
1 trial.

Analog-PH20 Lispro

Total Injections
Assessed

1188 1167

None 59.3% 66.0%

Minimal 32.8% 25.6%

Mild 5.6% 6.3%

Moderate 2.2% 1.9%

Moderately Severe 0.1% 0.2%

Severe and Not
Tolerable

None None

▪ There were no meaningful changes in insulin or PH20 immunogenicity profiles. Four
patients had positive anti-PH20 antibodies at baseline (prior to PH20 exposure) with a geometric
mean titer of 1:12. Five patients had positive anti-PH20 antibodies at endpoint with a geometric
mean titer of 1:15. No neutralizing antibodies have been detected in any PH20 trial to date.

Anti-Insulin Antibodies

Study
Sequence

Baseline
% of patients/Mean%

Binding

End of Rx Period 1
% of Sub/Mean%

Binding

End of Rx Period 2
% of Sub/Mean%

Binding

Analog-PH20/

Lispro

49% 9.8 42% 10.7 42% 8.5

Lispro/Analog-

PH20

45% 12.6 45% 10.1 43% 16.1

BETTER GLYCEMIC CONTROL AND WEIGHT LOSS WITH THE NOVEL LONGACTING BASAL
INSULIN LY2605541 COMPARED WITH INSULIN GLARGINE IN PATIENTS WITH TYPE 1
DIABETES (1026-P)

Julio Rosenstock, Richard Bergenstal, Thomas Blevins, Linda Morrow, Melvin Prince,
Yongming Qu, Vikram Sinha, Daniel Howey, Scott Jacober
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Dr. Rosenstock and colleagues presented the results of a phase 2, randomized, open-label crossover study to
determine if LY2605541 (LY) was noninferior to glargine (GL) for daily mean blood glucose treatment of
type 1 diabetes. LY is designed to delay insulin absorption and reduce clearance, resulting in prolonged
duration of action. After eight weeks, LY was found to be superior to GL in daily mean blood glucose
reduction (baseline 161 mg/dl to 144 in LY and 152 in GL), with reduced prandial insulin dose and,
importantly, weight loss rather than weight gain. Mean A1c reductions over eight weeks were also slightly
greater for LY than GL (-0.6 vs. -0.4, p <0.001). Overall hypoglycemia rates were higher with LY, but
nocturnal hypoglycemia rates were lower. However, more gastrointestinal side effects were observed in
participants receiving LY (15.3% vs. 3.8%). Phase 3 studies are underway to assess these observed benefits
and evaluate the clinical significance of these side effects.

▪ Participants with type 1 diabetes (n=137) received once-daily basal insulin, LY2605541
(LY, n=69) or glargine (GL, n=68), plus prandial insulin for eight weeks, followed by
crossover treatment for eight weeks. Basal insulin doses were titrated according to treat-to-
target algorithms, and prandial insulin doses were titrated at the discretion of the treating
investigator. If the least squares mean difference (LY minus GL) for daily mean blood glucose was
found to be <10.8 mg/dl after eight weeks, LY would be found noninferior to GL. If <0 mg/dl, LY
would also be found superior to GL.

▪ The group of participants receiving LY contained slightly fewer males (59% vs. 66% for
glargine), was more recently diagnosed with diabetes, (16.8 years vs. 19.1 years for
glargine), and had similar baseline A1c levels (7.7% vs. 7.8% for glargine). Otherwise,
participants were of similar overall mean age (38.2 years), ethnicity (94% Caucasian), weight (83.0
kg or 183 lbs), and BMI (27.3 kg/m ).2

▪ After eight weeks, LY met statistical criteria for superiority vs. GL in reducing daily
mean blood glucose (144 mg/dl vs. 152 mg/dl from baseline 161 mg/dl; p <0.001). Mean
A1c reduction over eight weeks was greater for LY than GL (-0.6 vs. -0.4, p <0.001). Prandial insulin
dose was lower for participants receiving LY than GL (0.19 ± 0.14 vs. 0.24 ± 0.18 U/kg/d, p<0.001.)
On average, individuals receiving LY for eight weeks lost 1.2 kg (~2.6 lbs), whereas individuals
receiving GL for eight weeks gained 0.7 kg (~1.5 lbs). But, at crossover, individuals switched from LY
to GL experienced a slight increase in mean A1c and weight after another eight weeks, partially
reversing A1c reductions (0w: ~7.6%, 8w: ~7.1%, 16w: ~7.2%) and fully reversing earlier weight loss
(0w: ~83 kg, 8w: ~82 kg, 16w: ~83 kg).

▪ The risk of total hypoglycemia (BG <70 mg/dl) was greater for LY than GL (relative
risk 1.12), but the risk of nocturnal hypoglycemia was lower for LY than GL (0.75).
Mean liver enzymes were higher in LY than GL, though means remained within normal range. HDL-
cholesterol levels reductions were greater in LY than GL (baseline 60±2 to 54 ± 2 vs. 59 ± 2 mg/dl, p
<0.001) whereas LDL-cholesterol levels increased in LY but decreased in GL (baseline 96 ± 3 to 102
± 3 vs. 92 ± 3 mg/dl, p=0.016). Adverse events were similar between groups, except LY was
associated with more gastrointestinal events (15.3% vs. 3.8% of participants, p <0.001).

CONTRASTING WEIGHT CHANGES WITH LY2605541, A NOVEL LONG-ACTING INSULIN,
AND INSULIN GLARGINE DESPITE SIMILAR IMPROVED GLYCEMIC CONTROL IN TYPE 1
DIABETES AND TYPE 2 DIABETES (1023-P)

Scott Jacober, Julio Rosenstock, Michard Bergenstal, Melvin Prince, Yongming Qu, John
Beals

The basal insulin analog LY2605541 is a novel, long-acting, PEGylated version of insulin lispro. It is
designed to have a large hydrodynamic size that delays insulin absorption and reduces clearance, resulting
in prolonged duration of action (t = 2-3 days). In two phase 2 studies, LY2605541 provided glycemic1/2
control comparable with or superior to insulin glargine, while causing weight loss in both type 1 and type 2
diabetes patients (versus weight gain with glargine). The first of these studies was a 12-week, randomized,
open-label, parallel trial (n=288; 347-OR) which assessed weight fluctuation associated with once-daily
LY2605541 vs. insulin glargine treatment in patients with type 2 diabetes. On average, participants lost 0.6
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kg (1.3 lb) with LY2605541 and gained 0.3 kg (0.7 lb) with glargine. In a separate 8-week, randomized,
open-label, 2x2 crossover study (n=137; 1026-P), participants lost an average of 1.2 kg (2.6 lb) on
LY2605541 and gained 0.7 kg (1.5 lb) on glargine. Across both studies, more LY2605541-treated patients
lost any weight or lost at least 5% of their baseline weight compared to glargine-treated patients - it will be
very interesting to see in phase 3 if these advantages persist. There was no correlation between weight
change and baseline BMI, hypoglycemia incidence, or GI adverse events.

▪ Both type 1 and type 2 diabetes LY2605541-treated patients achieved mean weight
loss, while glargine-treated patients experienced mean weight gain. Of the type 1 diabetes
patients receiving LY2605541 , 66.1% experienced weight loss while only 40.3% of those on glargine
treatment did (p <0.001). Similarly, of the type 2 diabetes patients receiving LY2605541 treatment,
56.9% experienced weight loss vs. 40.2% of patients receiving glargine treatment (p = 0.011). In the
type 2 diabetes study, 0% of glargine treated patients versus 4.8% of LY2605541-treated patients
experienced ≥ 5% weight loss after 12 weeks (p=0.033). In the type 1 diabetes study, 0.8% of
glargine-treated patients vs. 11.9% of placebo-treated patients experienced ≥5% weight loss (p
<0.001).

▪ In the 12-week study, participants with type 2 diabetes receiving LY2605541 (n=188)
showed improvements (albeit nonsignificant) in A1c, daily blood glucose and fasting
plasma glucose compared to those receiving glargine (n=92). A1c levels dropped from
7.7% to 7.0% in Ly2605541-treated patients and 7.8% to 7.2% in glargine-treated patients. Daily
mean blood glucose levels dropped from 170 mg/dl to 139 mg/dl with LY2605541 treatment and
from 165 mg/dl to 145 mg/dl with glargine. FPG fell from 148 to 118 mg/dl with LY2605541 and
from 140 mg/dl to 117 mg/dl with glargine. Basal insulin doses notably increased in both study
groups over 12 weeks (from 0.73 to 0.50 units/kg/day with LY2605541 and 0.38 to 0.50 units/kg/
day with glargine).

▪ In the type 1 diabetes crossover study, treatment with LY2605541 resulted in
significantly (p <0.05) lower A1c, mean daily blood glucose, and prandial insulin dose
than glargine treatment after eight weeks. Patients receiving LY2605541 (n=124) saw
improvements in A1c (7.7% to 7.1%), daily mean blood glucose (161 mg/dl to 144 mg/dl), and fasting
plasma glucose (187 mg/dl to 153 mg/dl) over the eight-week period. Although the change was not
as pronounced, patients receiving glargine treatment (n=130) also had improvements in A1c (7.7%
to 7.2%.), daily mean blood glucose values (161 mg/dl to 152 mg/dl), and fasting plasma glucose
values (187 mg/dl to 155 mg/dl) over the course of the study. Basal insulin doses increased in both
groups by the end of the study (from 0.36 to 0.42 units/kg/day in the LY2605541 group and 0.36 to
0.43 units/kg/day in the glargine group) while prandial insulin doses dropped in both groups (from
0.23 to 0.19 units/kg/day in the LY2605541 group and 0.23 to 0.24 units/kg/day in the glargine
group).

▪ There was no correlation between weight change with LY2605541 and baseline BMI,
hypoglycemia incidence (p=0.65), or gastrointestinal adverse events in either study.
GI adverse events were more frequent with LY2605541 in patients with type 1 diabetes (p <0.001),
but not those with type 2 diabetes. However, there was no significant difference between rates of any
single GI adverse event between the two treatment groups.

INSULIN DEGLUDEC REDUCES HYPOGLYCEMIA AND IMPROVES HEALTH STATUS VS.
INSULIN GLARGINE IN INSULIN-NAIVE TYPE 2 DIABETES (1047-P)

Helena Rodbard, Yehuda Handelsman, Bertrand Cariou, Tina Johansen, Thorkil Christensen,
Chantal Mathieu

Insulin degludec is an ultra-long-acting basal insulin that achieves a stable glucose-lowering effect with low
day-to-day variability. Degludec has demonstrated effectiveness in achieving target levels of glucose control
in patients with type 2 diabetes and significantly reduces rates of nocturnal hypoglycemia compared with
insulin glargine. This 52-week, open-label, randomized trial compared the health status of insulin-naïve
patients with type 2 diabetes treated for 52 weeks with either degludec (n=773) or glargine (n=257) using
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the SF-36 v2 questionnaire. Questions in this questionnaire are grouped into eight domains, comprising a
physical component summary and a mental component summary. Glycemic control and hypoglycemia
were also assessed. At the end of 52 weeks, the overall physical component summary score was significantly
improved with degludec versus glargine treatment (treatment difference: 1.03 [95% CI: 0.08, 1.97] p=0.03).
This was primarily due to improvement in the physical functioning subdomain (treatment difference: 1.35
[95% CI: 0.26, 2.44] p=0.02). Other SF-36v2 subdomains (role-physical, bodily pain, general health,
vitality, social functioning, role-emotional, mental health) were not significantly different with degludec
treatment. Additionally, at the end of the 52-week period, degludec significantly improved A1c from baseline
(7.1% vs. 8.2% at baseline); this improvement was noninferior to that observed with glargine treatment
(7.0% vs. 8.2% at baseline). Confirmed nocturnal hypoglycemia was 36% lower (p=0.04) with degludec
compared with glargine (relative rate: 0.64 [95% CI: 0.42, 0.98]; p= 0.04) and severe hypoglycemia was
86% lower (p=0.02) with degludec vs. glargine. Overall confirmed hypoglycemia was not significantly
lower with degludec.

▪ Patients with type 2 diabetes in this randomized, open-label trial received either
degludec (n=773) or glargine once-daily in combination with oral glucose-lowering
drugs for 52 weeks. At baseline, both treatment groups were comparable with regards to mean
age (59.3 vs. 58.7 years), A1c (8.2%), BMI (30.9 kg/m vs. 31.6 kg/m ), fasting plasma glucose22

(172.8 mg/dl vs.174.6 mg/dl), and duration of diabetes (~9.0 years). The SF-36v2 health status
questionnaire, which was translated and linguistically validated into all languages relevant to the
study, was administered at baseline and at the end of the trial.

▪ For similar reductions in A1c, degludec resulted in a markedly reduced rate of
confirmed nighttime and severe hypoglycemic events and improved fasting plasma
glucose levels compared with glargine. Incidence of overall confirmed hypoglycemia was 18%
lower with degludec than with glargine (p=NS). Relative risk of severe hypoglycemia with degludec
vs. glargine was 0.14 ([95% CI: 0.03, 0.70] p= 0.02), while relative risk of nocturnal hypoglycemia
was 0.64 ([95% CI: 0.42, 0.98] p=0.04). FPG was significantly lower with degludec versus glargine
treatment (estimated treatment difference, degludec - glargine: -7.75 mg/dl [95% CI -13.33, -2.34] p
<0.05).

▪ While a significant improvement across all aspects of the physical health was
associated with degludec, no difference was observed between the two treatment
groups with regards to mental health.

HYPOGLYCEMIA RISK WITH INSULIN DEGLUDEC COMPARED WITH INSULIN GLARGINE
IN TYPE 2 AND TYPE 1 DIABETES: A PROSPECTIVE META-ANALYSIS OF PHASE 3 TRIALS
(387-P)

Robert Ratner, Stephen Gough, Chantal Mathieu, Stefano Del Prato, Bruce Bode, Henriette
Mersebach, Lars Endahl, Bernard Zinman

Insulin degludec is an ultra-long acting basal insulin that achieves a stable glucose-lowering effect with low
day-to-day variability. This pre-specified meta-analysis compared the rate of hypoglycemia between
degludec once-daily and insulin glargine once-daily across seven phase 3a trials (two in patients with type 1
diabetes and five in patients with type 2 diabetes, total n=4330). Each trial consisted of a titration period
and a maintenance period (together comprising a "total treatment period"). Insulin naïve patients with type
2 diabetes treated with degludec experienced significantly lower rates of overall confirmed, nocturnal
confirmed, and severe hypoglycemic episodes (lower by 17%, 36%, and 86%, respectively) during the total
treatment period compared with patients treated with glargine. In the complete type 2 diabetes population,
overall confirmed and nocturnal confirmed hypoglycemic events were both significantly lower (by 17% and
32%, respectively) with degludec versus glargine treatment. In the type 1 diabetes population, neither rates
of overall confirmed, severe, nor nocturnal hypoglycemia differed significantly between degludec and
glargine treated groups during the total treatment period. However rates of nocturnal hypoglycemia
episodes were 25% lower (p < 0.05) with degludec vs. glargine during the maintenance period. In the pooled
type 1 and type 2 diabetes population, subjects treated with degludec had significantly lower rates of overall
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confirmed hypgolycemia (9% reduction) and nocturnal (26% reduction) hypoglycemia than those receiving
glargine. This meta-analysis provides evidence for the hypoglycemia-related benefits of insulin degludec in
both type 1 and type 2 diabetes patients.

▪ All seven trials included in this analysis were randomized, controlled, open-label,
multicenter, phase 3a treat-to target trials of 26 or 52 weeks duration. Baseline
characteristics for all participants (n=4330) were comparable between degludec (n=2899) and
glargine (n=1431) treatment groups. Notably, nearly 40% of type 2 patients and 70% of the type 1
diabetes population involved in the study had previously used glargine therapy.

▪ The difference in rate of hypoglycemia with degludec vs. glargine treatment was most
apparent for nocturnal hypoglycemia. This metric was consistently lower among the type 1,
type 2, and overall pooled populations, as well as across basal-only and basal-bolus populations. In
the type 1, type 2, and overall pooled populations, rates of nocturnal hypoglycemia were reduced by
17% (nonsignificant), 32% (significant), and 26% (significant) with degludec vs. glargine treatment -
this effect was more pronounced in the maintenance period, where nocturnal rates were 38%, 25%,
and 32% (all significant) lower with degludec vs. glargine in the type 1, type 2, and overall pooled
populations, respectively. The effects of degludec on hypoglycemia were particularly evident in the
type 2 insulin naïve population - in this group, overall confirmed hypoglycemia, nocturnal
hypoglycemia, and severe hypoglycemia were all significantly reduced during the total treatment
period (by 17%, 36%, and 86%, respectively).

Meet the Expert Sessions

ONGOING CHALLENGES OF ACHIEVING GLYCEMIC CONTROL IN YOUTH WITH TYPE 1
DIABETES

Georgeanna Klingensmith, MD (Barbara Davis Center, Denver, CO)

Dr. Klingensmith fielded practical, clinically focused questions on managing type 1 diabetes in youth. Topics
covered during the session ranged from insulin dosing before and after gym class, the benefits of MDI
versus pumps in particular populations, and managing glycemia in children directly after the honeymoon
period. She interestingly also touched on treatment of neonatal diabetes, providing care for children whose
A1c and logbooks don't jive, dealing with children who don't bolus, and insulin recommendations for
children taking steroids.

Symposium: Cancer Link with Insulin - Data from the US and Northern Europe

WHAT WE KNOW ABOUT INSULIN AND CANCER

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

Dr. Buse opened the symposium with a brief overview of the relationship between insulin and cancer. In
particular, he highlighted that the four Diabetologia articles that incited the past two years' controversy
came in an already complex field - in addition to the association between diabetes and cancer risk observed
in various meta-analyses (particularly breast, colorectal, endometrial, and pancreatic cancers), diabetes
and cancer share similar risk factors (e.g., age, obesity, smoking), complicating analyses. Since those
articles' publication, he mused that much of the following research tended toward opinion rather than data,
noting that of the 89 publications resulting from a Medline search of "glargine" and "cancer" 51 were
editorials, commentary, or reviews. Additionally, he noted that the major circulating component after
administration rather than glargine itself is the M1 metabolite - unlike glargine, M1 does not show
increased affinity for the IGF-1 receptor, challenging preconceptions for a biological mechanism between
the analog and cancer.

NORTHERN EUROPE DATABASE STUDY OF INSULIN AND CANCER RISK

Peter Boyle, MD (International Prevention Research Institute, Lyon, France)
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Dr. Boyle presented the results from an analysis on the cancer risk associated with insulin glargine use from
data collected in Norway, Denmark, Sweden, Scotland, and Finland. A total of 447, 821 users of insulin were
included in the study, with over 1.5 million person-years of exposure to insulin and over 17,500 new cases of
cancer detected in the cohorts. There was an average of 3.1 years of follow-up for patients using insulin
glargine. There was no increased risk for all cancers (HR=0.98; 95% CI 0.94-1.03), breast cancer (HR=1.12;
95% CI 0.93-1.29), colorectal cancer (HR=0.86; 95% CI 0.76-0.98), or prostate cancer (HR=1.11; 95% CI
1.0-1.24) with insulin glargine treatment vs. treatment with other insulins. Exploratory analyses included
the risk for cancer with insulin glargine vs. all insulin among new insulin users, and no increased risk was
demonstrated for all cancer (HR 1.02; 95% CI 0.94-1.10), prostate cancer (HR=1.04; 95% CI 0.83-1.30),
lung cancer (HR=1.22; 95% CI 0.97-1.54), pancreatic cancer (HR=0.92; 95% CI 0.69-1.21), and colorectal
cancer (HR=1.10; 95% CI 0.80-1.27). Increased risk for breast cancer in new users did trend toward
significance with insulin glargine treatment (HR=1.29; 95% CI 1.01-1.63). However, the result was not
consistently demonstrated in each country dataset, and a meta-regression of breast cancer risk with
duration of insulin glargine treatment indicated no significant trend. Dr. Boyle remarked that further
methodological work was required to further understand this risk. A meta-analysis was also conducted on
21 independent studies (including the above study) on cancer risk with insulin glargine treatment involving
one million patients and three million person-years of insulin exposure. There was no detectable increase in
risk for all cancers (HR=0.91; 95% CI 0.84-0.99), breast cancer (HR=1.11; 95% CI 1.00-1.24), colorectal
cancer (HR=0.83; 95% CI 0.74-0.94), and prostate cancer (HR-1.14; 95% CI 0.85-1.11).

RESULTS FROM KAISER-PERMANENTE COLLABORATION AND A FOCUS ON PREVALENT
USER ANALYSIS

Laurel A. Habel, PhD (Kaiser Permanente, Oakland, CA)

Dr. Habel presented the results from an analysis of insulin glargine use and cancer risk in patients with
diabetes treated in California's Kaiser Permanente system. The analysis included all patients in the Kaiser
system with diabetes and two or more fills of glargine or NPH within six months (n=27,418 "ever glargine"
and 100,757 "ever NPH" users for prevalent user analyses; n=6,548 "new glargine" and n=39,708 "new
NPH" users for new user analyses; median follow-up time 2.3 years with glargine versus 3.6 years with
NPH). Results indicated a slightly increased risk (HR 1.3; 95% CI 1.0-1.8) of breast cancer in new glargine
users, strengthened when only patients with 2+ years of use were included (HR 1.6; 95% CI 1.0-2.8);
however, no increased risk of breast cancer was observed in prevalent user analyses (HR 0.9; 95% CI
0.7-1.2). Furthermore, analyses of prostate cancer (HR 0.9; 95% CI 0.7-1.2 in prevalent users and HR 0.6;
0.4-1.0 in new users), colorectal cancer (HR 0.7; 95% CI 0.5-1.0 in prevalent users and HR 1.1; 0.8-1.6 in
new users), and all cancers combined (HR 0.9; 95% CI 0.8-1.0 in prevalent users and HR 1.0; 0.9-1.2 in new
users) showed no increased risk with glargine use. Given the long time required for carcinogens to impact
cancer development, Dr. Habel suggested the short duration of exposure limited results, as well as the lack
of a biologically plausible mechanism for the difference between prevalent user and new user analyses in
breast cancer results.

▪ This analysis included all patients in the Kaiser system with diabetes and two or more
fills of glargine or NPH within six months. Patients further had to be 18 years of age or older,
without cancer history, and with continuous membership and pharmacy benefits past 12 months,
leaving 27,418 "ever glargine" and 100,757 "ever NPH" users for prevalent user analyses (to
investigate the effect of switching from NPH to glargine). This group was narrowed to include only
those with no insulin fill in the past 12 months for new user analyses (to investigate whether
initiation with NPH vs. glargine is associated with increased risk; n=6,548 glargine and n=39,708
NPH).

▪ Dr. Habel indicated mostly similar characteristics between the two groups, though with
slightly more obese patients on NPH (33.8% with BMI >35 kg/m vs. 27.2%) and slightly younger2

(19.2% vs. 11.1% of age 18-39) and more male (53.1% vs. 49.7%) and type 1 patients (6.9% vs. 2.8%)
on glargine. Median follow-up time (until cancer diagnosis, end of study period, or termination of
membership) was 2.3 years with glargine versus 3.6 years with NPH. Dr. Habel indicated a number
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of variables examined for cofounding, but results only required adjustment for region, calendar year
of entry, age, metformin use, and short-acting insulin use.

▪ Breast cancer results showed no increased risk of cancer with glargine use (HR 0.9;
95% CI 0.7-1.2) in prevalent user analyses but slightly increased risk (HR 1.3; 95% CI
1.0-1.8) in new glargine users. Increased risk in new users strengthened when only patients
with 2+ years of use were included (HR 1.6; 95% CI 1.0-2.8) though risk in prevalent users remained
neutral (0.9; 95% CI 0.6-1.4). Given the lack of a biologically plausible mechanism behind this
variation between new and prevalent users, Dr. Habel suggested this could potentially only be a
chance finding.

▪ Further analyses showed no increased risk of cancer associated with glargine use.
These included prostate (HR 0.9; 95% CI 0.7-1.2 in prevalent users and HR 0.6; 0.4-1.0 in new
users), colorectal (HR 0.7; 95% CI 0.5-1.0 in prevalent users and HR 1.1; 0.8-1.6 in new users), and
all cancers combined (HR 0.9; 95% CI 0.8-1.0 in prevalent users and HR 1.0; 0.9-1.2 in new users).
Dr. Habel noted that a number of sensitivity analyses were performed as well (e.g., restricted to
patients with at least 48 months of health plan membership prior to baseline, restricted to type 2
diabetes patients only) but that none altered results.

▪ Given the long time required for carcinogens to impact cancer development, Dr. Habel
indicated that the primary limitation of the study was short duration of exposure,
suggesting both positive and negative results should be viewed with caution. She also
noted a lack of information on some potential cofounders and the possibility that practice patterns
in the Kaiser system may not be representative of other settings (though this would only impact
results if patterns were related to unmeasured cancer risk factors).

RESULTS FROM CLAIMS DATA AND A FOCUS ON INCIDENT USER ANALYSIS

Til Sturmer, MD, PhD (University of North Carolina, Chapel Hill, NC)

Dr. Sturmer presented the results from a new user, active comparator analysis of the MedAssurant
(Inovalon) healthcare database that examined the risk for cancer after initiation of insulin therapy with
insulin glargine (n=43,306) vs. NPH (n=9,147). These individuals were selected from over seven million
individuals diagnosed with diabetes in MedAssurant. Dr. Sturmer explained that by selecting only new
users in the study and using an active comparator, confounding was minimized, making this type of
analysis one of the most precise ways in which to evaluate risk in an observational manner. Criteria for
inclusion into the study included insulin glargine or NPH insulin initiation between July 2004 and
December 2010, no filled insulin prescriptions in the 19 months prior to insulin imitation, age 18 years or
over, at least one prescription refill to demonstrate regular use, and no cancer at first prescription refill.
Mean duration of treatment was 1.2 years in the glargine group and 1.1 years in the NPH group using an as
treated analysis. Meanwhile, mean duration of treatment was 1.5 years in both groups using an intent to
treat sensitivity analysis. Overall, in both analyses, no significant differences were observed for breast,
prostate, bladder, colon, and all cancer risk between the insulin glargine and NPH groups, even when
examining incidence rates by length of exposure (see below). Several important limitations of the study
highlighted by Dr. Sturmer included the short duration of treatment, the observational nature of the study,
the lack of data on potential confounders (such as BMI - although BMI was shown to be an unlikely
cofounder based on external validation studies), and the lack of internal validation of cancer outcomes.

Table 1: Cancer Incidence Rates - As Treated Analysis

Events PY IR* Crude HR Adjusted HR

Breast Cancer

Glargine 103 26k 392 1.2 (0.7-2.0) 1.1 (0.7-1.8)
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NPH 19 6k 323 -- --

Prostate
Cancer

Glargine 119 24k 492 1.0 (0.6-1.6) 1.2 (0.7-1.9)

NPH 20 4k 482 -- --

Colon Cancer

Glargine 62 51k 123 0.8 (0.4-1.3) 0.9 (0.5-1.6)

NPH 16 10k 160 -- --

All Cancer

Glargine 993 51k 1955 1.1 (0.9-1.3) 1.1 (1.0-1.3)

NPH 178 10k 1778 -- --

Events PY IR* Crude HR Adjusted HR

Breast Cancer

Glargine 103 26k 392 1.2 (0.7-2.0) 1.1 (0.7-1.8)

NPH 19 6k 323 -- --

Prostate
Cancer

Glargine 119 24k 492 1.0 (0.6-1.6) 1.2 (0.7-1.9)

NPH 20 4k 482 -- --

Colon Cancer

Glargine 62 51k 123 0.8 (0.4-1.3) 0.9 (0.5-1.6)

NPH 16 10k 160 -- --

All Cancer

Glargine 993 51k 1955 1.1 (0.9-1.3) 1.1 (1.0-1.3)

NPH 178 10k 1778

Incidence rate per 100,000 person-years (PY).*

Table 2: Breast, Prostate, Colon, and All Cancer Incidence Rates by Time after Treatment
Initiation - As Treated Analysis

Events PY IR* Crude HR Adjusted HR

0-6 Months

Glargine 37 10k 387 1.3 (0.6-2.9) 1.0 (0.5-2.1)
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NPH 7 2k 305 -- --

6-12 Months

Glargine 29 7k 297 2.2 (0.7-7.3) 1.5 (0.5-4.3)

NPH 3 2k 180

12-24 Months

Glargine 26 7k 391 0.8 (0.3-2.0) 1.1 (0.4-3.1)

NPH 6 1k 470 -- --

> 24 Months

Glargine 11 3k 397 0.9 (0.2-3.3) 0.7 (0.2-2.5)

NPH 3 1k 465 -- --

Incidence rate per 100,000 person-years (PY).*

Table 3: Cancer Incidence Rates - Intent to Treat Analysis

Events PY IR* Crude HR Adjusted HR

Breast Cancer

Glargine 127 36k 356 1.5 (1.0-2.4) 1.3 (0.8-2.0)

NPH 24 10k 234 -- --

Prostate
Cancer

Glargine 145 32k 448 1.0 (0.7-1.6) 1.2 (0.8-1.8)

NPH 28 7k 417 -- --

Colon Cancer

Glargine 76 68k 112 0.8 (0.5-1.3) 1.0 (0.6-1.6)

NPH 22 17k 130 -- --

All Cancer

Glargine 1,220 68k 1790 1.1 (1.0-1.3) 1.1 (0.9-1.2)

NPH 269 17k 1585 -- --

Incidence rate per 100,000 person-years (PY).*

IMPLICATIONS FOR PRACTICE AND FUTURE RESEARCH

James B. Meigs, MD (Harvard Medical School, Boston, MA)

In a comprehensive presentation, Dr. Meigs tied a bow on the insulin glargine and cancer story. Opening on
a broad level, Dr. Meigs discussed the limitations of using pharmaco-surveillance data to analyze drug
safety, noting that prevalent user analyses (ever use) do not properly account for past or cumulative
exposure and that missing data impacts results; particular to the insulin and cancer story, he indicated that
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studies must allow time for proper disease development and account for confounding by shared risk factors
as well. In light of these limitations, Dr. Meigs highlighted shortcomings in each of the insulin and cancer
studies presented during the session, particularly the short duration of follow-up (MedAssurant: median <1
year; Kaiser median: 2.3-3.4 years; Northern European Database mean: 3.1 years); he suggested
inconsistency in the results between studies limited applicability as well. On the clinical question of whether
glargine was still safe to prescribe, Dr. Meigs answered with a resounding "Yes!" highlighting that ORIGIN
(with both the clearest separation of insulin exposure and the longest duration of follow-up) showed no
increased cancer risk with glargine use - "putting the stake in the zombie that is insulin glargine and cancer
risk." Given the dearth of such long-term trials, we will be interested to see if lessons learned from this story
impact the future of pharmaco-surveillance as a whole, particularly as opinion continues to mount on the
limitations of current methods.

▪ Reviewing the basics of clinical study design, Dr. Meigs discussed the limitations of
using pharmaco-surveillance data to analyze drug safety. Primarily, he noted that
prevalent user analyses (ever use) do not properly account for past or cumulative exposure.
Particular to the insulin and cancer story, he noted that studies must allow time for proper disease
development and account for confounding by shared risk factors; stopping and switching treatment
and competing hazards (e.g., fatality due to MI causing exposed patients to be dropped from the
pool) complicate eliciting subtle effects of exposure as well. Missing data and confounding by
indication (in which differing indications allow for confounding factors) additionally impact results.
Interestingly, moving forward he suggested long-term follow-up of insulin trials could be achieved
by linking patients in cancer registries, similar to research being performed in aspirin trials.

▪ In light of these limitations, Dr. Meigs highlighted shortcomings in each of the insulin
and cancer studies presented during the session. On the MedAssurant study, he highlighted
a strong dwindling of applicable patients (~7 million down to 52,000), validation of cases in other
data codes for cancer, the lack of BMI/smoking data (though BMI has been shown in other studies
not to be a cofounder), and a short median treatment time (<1 year). While the Kaiser trial included
cancer registry data and had low rates of missing confounders, median follow-up time remained
relatively short (2.3-3.4 years) as well. Though he praised the high number of cancer events (17,800
in 448,000 patients with over 1.5 million person-years of follow-up) in the Northern European
Database study, he again noted the relatively short mean follow-up (3.1 years).

▪ In contrast to the uncertainty surrounding safety results from database analyses, Dr.
Meigs answered the clinical question of whether glargine was still safe to prescribe
with a resounding "Yes!" Summarizing topline results from the presented studies, he suggested
that inconsistency in the findings challenged applicability. On the contrary, the ORIGIN trial (which
he described as the "cleanest experiment" in the field, with roughly 85% of patients starting glargine
staying on treatment at the end of 5-7 years and only 10% of users on any form of insulin in the
standard care arm - in effect creating a clear separation of insulin exposure ["basically glargine
versus nothing"] and providing the longest follow-up) showed a definitive relative risk of 1.0 with
glargine use.

Symposium: An Update on Insulin Therapies

UPDATE ON BASAL INSULINS

Geremia Bolli, MD (University of Perugia, Perugia, Italy)

After noting that this year marks 90 years of insulin use in humans, Dr. Bolli briefly reviewed the
physiology of insulin before discussing current and future insulin therapies. Introduced in 1946, NPH
provided the first basal insulin replacement therapy. Yet today, it represents an inadequate treatment tool
because of a well-established peak that occurs five to six hours after injection and increases hypoglycemia
risk, especially in patients with low BMI. Because NPH is a suspension, it produces high inter- and intra-
person variability. Newer insulin analogs such as insulin glargine (Sanofi's Lantus) and insulin detemir
(Novo Nordisk's Levemir) have less variable absorption, exhibit flatter and longer action profiles, and
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provide greater protection from hypoglycemia while conferring similar glycemic control. Compared to
insulin glargine, insulin detemir has a shorter duration of action and is less effective in obese patients. Dr.
Bolli noted that despite these recent insulin analogs, there remains a need for longer acting, less variable,
and more potent treatments, especially for obese patients. He reviewed insulin degludec (Novo Nordisk's
Tresiba), which forms multi-hexamers upon injection, leading to a delayed absorption and a half-life of
approximately 25 hours. Currently under regulatory review, insulin degludec provides comparable
reductions in A1c with a concentration one-fourth that of insulin detemir and a coefficient of variability that
is four times lower than insulin glargine's. Notably, insulin degludec provides flexible dosing and reduces
the risk of hypoglycemia. Another therapy in development, pegylated insulin lispro (Lilly's LY2605541)
provides greater protection from nocturnal hypoglycemia and surprisingly promotes weight loss. Dr. Bolli
concluded his talk by stating that HCPs should stop using NPH, but can use any of the basal insulin analogs
as long as they understand the relative differences in PK/PD profiles.

UPDATE ON BOLUS INSULINS

Luigi Meneghini, MD, MBA (Miller School of Medicine, Miami, FL)

Dr. Meneghini provided a comprehensive overview on the use of currently available bolus insulins and the
progress of bolus insulin candidates. He discussed the evolution of rapid-acting insulin (PK/PD), the
limitations of current insulin preparations, and pipeline products for the future. He talked about the general
benefits of rapid-acting analogs. They increase the rate of dissociation, making them quicker acting and
removed from circulation. Theoretically, this lower latency and shorter duration should correlate with less
postprandial fluctuation and less hypoglycemia. This has been shown clinically in many studies to date. He
feels that the indication that rapid-acting insulin should be injected within 20 minutes of a meal sends the
wrong message to patients. Studies have shown that there is a loss of glycemic control if the bolus is taken at
the time of the meal or 20 minutes after the meal; the indication should really be for 20 minutes before a
meal. Adding the enzyme hyaluronidase to rapid-acting insulin allows for insulin to be more quickly
absorbed. This works with all of the currently available rapid-acting insulins. Dr. Meneghini commented
that inhaled insulin is a promising future delivery method that can minimize or completely avoid injections.
A meta-analysis has shown that inhaled insulin has a slightly lesser impact on A1c compared to
subcutaneous insulin, but that inhaled insulin tended to be better at improving fasting plasma glucose.

▪ Dr. Meneghini provided a comprehensive overview on the use of currently available
bolus insulins and the progress of bolus insulin candidates. He talked about the evolution
of rapid acting insulin (PK/PD), the limitations of current insulin preparations, and pipeline
products for the future. He encouraged all audience members to attend the insulin analog session
later today.

▪ He talked about the benefits of rapid-acting analogs in general. Regular human insulin is
stabilized as a hexamer around zinc. As this hexamer circulates, the monomers dissociate and
become physiologically active, and this rate determines the pharmacodynamics and
pharmacokinetics of the hormone. Rapid-acting analogs increase the rate of dissociation, making
them quicker acting and removed from circulation. Theoretically, this lower latency and shorter
duration should correlate with less postprandial fluctuation and less hypoglycemia. This has been
shown clinically in many studies to date. A meta-analysis in 2006 summarized these results and
showed a 0.1% superior A1c and less than half the episodes of hypoglycemia using rapid-acting
analogs compared to regular insulin.

▪ Insulin glulisine is unique in that it binds to polysorbate 20 instead of zinc. This has
been the one rapid-acting insulin that has been shown to have a more rapid-acting profile, although
it has been unclear whether this is clinically significant. Looking at the actual glucose excursions,
there doesn't seem to be much of a difference between the two. When you look at clinical outcomes,
there also does not seem to be a substantial or relevant difference between the rapid acting analogs.

▪ Obesity seems to delay the absorption and peak of insulin in obese patients. This should
affect the timing of a rapid-acting analog for obese patients, especially considering the etiology of
type 2 diabetes.
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▪ Adding the enzyme hyaluronidase to rapid acting insulin allows for insulin to be more
quickly absorbed. The protein hyaluronan generally resists bulk flow, so degrading the protein
with hyaluronidase allows for greater exposure of insulin to the capillary bed. This in turn causes a
more rapidly acting insulin. This works with any of the currently released rapid acting insulin. It is
also more quickly degraded, so two hours out from injection you see less total insulin in the system.

▪ Inhaled insulin is a promising future delivery method that can minimize or completely
avoid injections. A meta-analysis has shown that inhaled insulin has a slightly lesser impact on
A1c compared to subcutaneous insulin, but that inhaled insulin tended to be better at improving
fasting plasma glucose. Patient satisfaction is also consistently higher with inhaled insulin, with
patients citing ease of administration and comfort. There are some pulmonary issues to address with
pulmonary issues, however. Non-productive cough is generally benign but occurs three times as
often in people using inhaled insulin. Perhaps the most important change is a progressive decrease
in FEV1 during the first month. But this seems to stabilize and does not change after two years of
use. There is also a small decrease in DLCO at 24 weeks, a measure of the diffusion ability of the
lungs. One concern that needs to be addressed further is a concern about cancer and interactions
with smoking. Dr. Meneghini said that this needs to be further studied.

▪ Technosphere insulin is the most studied form of inhaled insulin, and the closest to
FDA approval. Technosphere insulin uses a particular compound that arranges into microspheres
to which insulin can be attached. Importantly, the size of the particles (2-5 um) is perfect for
reaching the deepest parts of the lungs. About 65% of the drug is emitted from the device, and about
60% of the emitted drug reaches the lungs. In the end, about 40% of the insulin ends up reaching
the respiratory epithelium and getting absorbed. The time-action profile of inhaled insulin shows
more rapid action than existing subcutaneous rapid-acting formulas.

▪ He discussed some of the trials comparing Technosphere insulin to other products.
Technosphere plus insulin glargine has a similar glycemic effect compared to standard basal-bolus
regimens, although there was less weight gain and greater fasting glucose. Importantly, there was
less hypoglycemia with inhaled insulin plus glargine than premixed analog twice daily. In type 1
diabetes, inhaled insulin plus glargine was similar to a rapid-acting insulin plus glargine. The
glucose levels throughout the day were also similar, but the fasting plasma glucose levels were lower
in the inhaled insulin group compared to the subcutaneous rapid group. One criticism of the inhaled
insulin studies has been that typically <20% of patients have ended up reaching the target of <7%
(although this was identical to the arms of the studies using subcutaneous insulin).

Questions and Answers

Q: We know from a lot of studies that the insulin needs for breakfast and the evening meal are
different. Breakfasts are often carbohydrate rich more than other meals, so you need rapid.
Knowing that you have different needs at different times of the day, what do you think about
using different formulations?

A: I think that that comes down to the flexibility of physicians and patients using these products. It think it
might be appropriate to use inhaled insulin in some cases and subcutaneous in others.

Q: There are very small differences in A1c and occurrence of hypos between regular insulin
and rapid-acting analogs. As far as I'm aware, there are not real improved outcomes. So I'm
wondering why we're not reaching the point of improved outcomes.

A: Yes, I think you're referring to the fact that these studies are not really performed in situations that
conform to real life. And yes, I think that while these studies give us some indications, they don't really reflect
what happens when you implement these therapies in real life.

Q: When will inhaled insulin be in the market?

A: I don't work for the FDA or the pharma company, so I have no idea. Nor do I know for oral insulin,
although I know it's further behind in development and I don't expect to see it in the next several years.
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Q: You mentioned hyaluronidase into the circulation, but recent evidence tells us that innate
immunity uses hyaluronan for detection. Are we impairing the innate immune system with
this therapy?

A: You bring up a good point, and I don't know the answer. The hyaluronan reconstitutes within 24 hours of
the injection, but we probably need to investigate this further.

Q: What are your thoughts on warming the infusion site to accelerate insulin action?

A: Anything that can give you the profile that you're looking for is desirable. There's a lot of ways of
accelerating insulin absorption, and that seems fine as long as it's possible for the patient. I think ultrasound
might be a possibility as well.

IS THERE A ROLE FOR INSULIN COFORMULATIONS?

Julio Rosenstock, MD (University of Texas, Dallas, TX)

Dr. Rosenstock discussed the clinical applicability of insulin analog co-formulations. He summarized his
conclusion right at the very beginning: "yes, there is a role for co-formulations of insulin." He discussed
studies comparing rapid-acting 70/30 insulin with human premixed 70/30 insulin, basal insulin, basal +
bolus 3x/day, and basal + bolus 1x/day. Glycemic control did not differ very much between these different
regimens, but differences in hypoglycemia, weight gain and other factors tended to favor basal and basal-
bolus regimens. Nonetheless, Dr. Rosenstock feels that patients that do well on a simple premixed regimen
are fine to maintain that course unless they are not reaching their targets. Premixed compounds using
newer agents show potential promise as being superior to existing regimens, however. Comparing
degludec/aspart with glargine in patients with type 2 diabetes, there was no difference in the rates of
hypoglycemia but there was better postprandial dinner control in the premixed group. Short-acting insulins
+ hyaluronidase will significantly enhance the action of insulin: "faster in and faster out." Dr. Rosenstock
was enthusiastic about the possibility of combining insulin and pramlintide (Symlin). Pramlintide can
flatten postprandial glucose and has further physiological benefits. This has been confirmed both in vivo
and in silico. Finally, he addressed his favorite combination possibility: long-acting insulin and a GLP-1
agonist. He feels that these two classes have extremely complementary and unique effects, and that there is
a good rationale for their combination. He expressed disappointment that pharmaceutical companies took
so long to do the studies that were needed to start the regulatory process for what is such a potentially
groundbreaking combo.

▪ The first premixed insulin to be approved was Nordisk Mixtard in 1980, consisting of
pork purified regular insulin and isophane. The original rationale for these early premixed
insulins was that mixing regular insulin with NPH was unreliable and unpredictable. There were
complex instructions that were almost impossible to follow. He researched and presented a list of 16
complex instructions that patients had to follow to properly mix their insulins to get the desired
effect. So the reason for premixes was to get rid of those steps to give patients more consistent and
less arduous care. "There was no rocket science. It was practical, it was effective, and it met a real
need at the time."

▪ He discussed studies comparing rapid-acting 70/30 insulin with:

◦ Human 70/30 insulin: Initial studies comparing premixed human 70/30 insulin with
lispro 70/30 showed better postprandial control with lispro, but no difference in A1c. This
is consistent with studies of aspart as well. Physicians of course want to improve
postprandial excursions, but they have to be aware that this benefit may not be reflected in
the patient's blood work.

◦ Basal insulin: Comparing glargine plus oral agents to human 70/30 insulin showed
better glycemic control in the glargine/OAD arm as well as a lower mean insulin dose and
less weight gain. He feels that this is a biased result, since one should of course be giving
your premix patients metformin.

www.closeconcerns.com 209



◦ Basal + bolus 3x/day: In one study, premixed 70/30 insulin showed a less pronounced
decrease in A1c compared to basal-bolus and greater weight gain. Premixed still had
hypoglycemia, however. A larger study (4-T) compared aspart 70/30, detemir alone, and
prandial aspart alone. There was more hypoglycemia and more weight gain in the premix
patients in this study.

◦ Basal + bolus 1x/day ("basal plus one"): He discussed a study in which twice-daily
70/30 premixed insulin was compared to two basal bolus regimens: glargine plus up to
one dose of glulisine per day (basal plus one) and glargine plus up to three doses of
glulisine per day (standard basal + bolus 3x/day). In this study, premixes did nearly as well
as the other two groups. The A1c changes were -1.8% in the premix group, -2.1% in the
glargine plus one group, and -2.2% in the glargine plus three group (the difference was
only significant when comparing the premixed and glargine plus three group). There were
about double the number of hypoglycemic events in the premixed group compared to
either of the basal/bolus groups. His conclusion from these results was that the "basal plus
one" regimen deserves consideration as a valid alternative to twice-daily premixed or full
basal-bolus regimens for type 2 diabetes. Dr. Rosenstock thinks a major benefit of the
basal plus one bolus regimen is flexibility that is difficult to match with premixed insulins.
He thinks premixed is fine for patients that don't have problems on it, but if they're getting
hypoglycemia or they're not in adequate control then they should switch to a basal-bolus
regimen. Despite the promise of GLP-1/insulin combinations, he concluded by
highlighting that there are many issues to address before these combinations come to
market.

▪ Dr. Rosenstock also discussed the use of alternate premixed ratios, including 50/50
and 75/25. A few years ago, a mixed regimen of 50/50 and 75/25 insulin was tried in lieu of the
more common 70/30. People who were previously on glargine alone were randomized to either
switch to 50/50 premixed insulin or to add insulin lispro 3x/day. If patients showed hypoglycemia
in the 50/50 premixed group, 75/25 insulin could be substituted for 50/50 in the evening. Basal-
bolus showed a slightly superior improvement in A1c compared to premixed insulin in this trial, but
this effect did not quite reach significance. One surprising result of this study was that despite
premixes being given three times per day, there was no increase in hypoglycemia in this arm of the
study relative to basal-bolus.

▪ He discussed some studies of degludec/aspart premixed insulin. Comparing degludec/
aspart with glargine in patients with type 2 diabetes, there was no difference in the rates of
hypoglycemia but there was better postprandial dinner control in the premixed group. An earlier
study of type 1 diabetes showed that degludec/aspart compared to detemir showed less
hypoglycemia and added the convenience of fewer daily injections than basal-bolus therapy. This
study confirmed the efficacy and safety of once-daily treatment with insulin degludec/aspart taken
at any meal in combination with insulin aspart for the remaining meals in subjects with type 1
diabetes.

▪ Short-acting insulins + hyaluronidase will significantly enhance the action of insulin:
"faster in and faster out." Hyaluronidase is already approved as an enhancer of any kind of
subcutaneous administration, since its mechanism of action is not specific to insulin. Intriguingly,
the compound is being pursued as an adjunct to pumps that could be injected before the cannula is
inserted.

▪ He was enthusiastic about the possibility of combining insulin and pramlintide
(Symlin). Pramlintide can flatten postprandial glucose and has further physiological benefits. This
has been confirmed both in vivo and in silico. In silico studies have calculated that further
combinations of pramlintide and insulin could lead to significantly improved postprandial glucose
profiles. In vivo,pramlintide has even been shown to be equivalent to rapid-acting insulin in a basal-
bolus regimen, but with weight loss rather than weight gain. He sees this as having lots of potential
in type 2 diabetes.

www.closeconcerns.com 210



▪ Finally, he addressed his favorite combination possibility: long-acting insulin and a
GLP-1 agonist. He feels that these two classes have extremely complementary and unique effects,
and that there is a good rationale for their combination. He expressed disappointment that
pharmaceutical companies took so long to do the studies that were needed to start the regulatory
process for what is such a potentially groundbreaking combo. His favorite study was performed by
Buse et al. (2011) in a cohort of patients who were not at target on glargine. The study compared
glargine and either exenatide 2x/day or a placebo. There was significantly greater glycemic control
in the combination arm, with a final A1c of 6.7% versus 7.4% in the placebo arm (baseline ~8.4% for
both). Furthermore, there was weight loss rather than weight gain with the combination, an
enormous advantage. Approaching combination therapy from another perspective, people who have
failed liraglutide (rather than those failing glargine) would do well adding basal insulin as
demonstrated by Rosenstock et al. (Diabetes 2011). In this study, adding insulin detemir to a cohort
of patients that were not controlled on liraglutide showed a 0.4% lower A1c relative to those who
stayed on liraglutide alone.

▪ He reviewed further studies of insulin mixes that are currently in progress. DUAL 1 is
comparing degludec, liraglutide, and a fixed combination of the two in people with type 2 diabetes.
DUAL 2 compares degludec with liraglutide to degludec alone. And finally, Dr. Rosenstock
referenced an ongoing study comparing lixisenatide/glargine fixed combination with glargine on top
of metformin in patients with type 2 diabetes. Despite the promise of GLP-1/insulin combinations,
he concluded by highlighting that there are many issues to address before these combinations come
to market.

Joint ADA/The Lancet Symposium

INSULIN GLARGINE VERSUS SITAGLIPTIN IN INSULIN-NAIVE PATIENTS WITH TYPE 2
DIABETES MELLITUS UNCONTROLLED ON METFORMIN (EASIE) - A MULTICENTRE,
RANDOMISED TRIAL

Pablo Aschner, MD (Javeriana University, Bogotá, Colombia)

Dr. Aschner presented the results of the EASIE trial comparing the efficacy of insulin glargine and
sitagliptin in people with type 2 diabetes uncontrolled on metformin. In this parallel, randomized, open-
label trial funded by Sanofi, Participants were randomized to 24-week treatment with either insulin
glargine (n=250, titrated bi-weekly from initial subcutaneous dose of 0.2 U/kg/day) or sitagliptin (n=265,
daily oral dose of 100 mg). The primary endpoint was change in A1c from baseline (8.5% in both arms), and
A1c decline was significantly greater with insulin glargine than with sitagliptin (1.72% vs. 1.13%;
p<0.0001). As expected, hypoglycemia was more common with glargine than sitagliptin (46% vs. 13% of
patients experiencing at least one symptomatic event), though Dr. Aschner noted that the number of people
experiencing severe hypoglycemia (three patients vs. one) was low, and the between-group difference not
statistically significant. Glargine caused minimal weight gain (0.44 kg [0.97 lbs]), while sitagliptin
uncharacteristically caused a weight decline (1.08 kg [2.38 lbs]), suggesting a potential study effect on
weight loss. We see these results as favorable for glargine, though they are very unsurprising - no one
would actually expect to see Januvia beat Lantus in a trial, and indeed, Januvia actually did pretty well in
our view. On a related note, we look forward to results from the extension study of EASIE, in which a
subgroup of patients used a triple-therapy of sitagliptin, glargine, and metformin.

▪ The EASIE trial randomized insulin-naïve adults with type 2 diabetes to receive either
insulin glargine or sitagliptin on a background of metformin. Recruitment criteria
included: 1) having type 2 diabetes previously uncontrolled on metformin; 2) being 35-70 years of
age; 3) having a baseline A1c greater or equal to 7.0% and less than 11.0%; and 4) having a BMI
between 25 and 45 kg/m . Individuals with previous oral glucose-lowering drugs besides metformin2

were excluded, as were people with fasting plasma glucose greater than 15.4 mmol/l (277.2 mg/dl ),
impaired renal function, impaired hepatic function, or any other compromising disorder as
determined by the discretion of the investigator. Baseline profiles were comparable in both A1c
(8.5% for glargine vs. 8.5% for sitagliptin) and BMI (31.1 vs. 31.3 kg/m ).2
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▪ Of the 515 participants selected, 250 were randomized to a 24-week treatment course
of insulin glargine and 265 to sitagliptin. Insulin dosing was titrated twice a week to maintain
a self-monitored fasting glucose of 4-5.5 mmol/l (72-99 mg/dl), whereas sitagliptin dosing remained
at 100 mg daily. The modified intent-to-treat populations consisted of 227 people for glargine and
253 for sitagliptin. Consent withdrawal was the primary reason for study drop out in both arms.

▪ Insulin glargine produced a significantly greater mean reduction in A1c than
sitagliptin (1.72% vs. 1.13%), for an adjusted mean difference of 0.59% (p<0.0001).
Significantly greater number of individuals achieved an A1c value less than 7.0% with glargine as
compared to sitagliptin (68% vs. 42%; p<0.0001). Similarly, more individuals achieved an A1c value
less than 6.5% with glargine vs. sitagliptin (40% vs. 17%; p<0.0001). As noted, both treatment arms
began with a mean A1c of 8.5%.

▪ Hypoglycemic events occurred more often in the insulin treatment arm than the
sitagliptin arm. Dr. Aschner presented hypoglycemic data that showed significant differences
between insulin glargine and sitagliptin in numerous hypoglycemic measures. However, the
differences in severe symptomatic hypoglycemia and severe nocturnal hypoglycemia were non-
significant and the overall rate was quite low (under five patients affected).

Events per
patient-year

Insulin glargine/sitagliptin
for events per patient-year

Insulin

glargine

Sitagliptin Ratio P value

All symptomatic hypoglycemia 4.21 0.5 8.45 p <.0001

Symptomatic hypoglycemia with plasma

glucose < 3.9 mmol/l (70.2 mg/dl)

3.16 0.38 8.24 p <.0001

Symptomatic hypoglycemia with plasma

glucose < 3.1 mmol/l (55.8 mg/dl)

0.9 0.11 8.42 p <.0001

Nocturnal symptomatic hypoglycemia 0.92 0.07 12.41 p <.0001

Nocturnal symptomatic hypoglycemia <

3.9 mmol/l (70.2 mg/dl)

0.76 0.07 10.34 p <.0001

Nocturnal symptomatic hypoglycemia <

3.1 mmol/l (55.8 mg/dl)

0.29 0.02 17.64 p=0.0002

▪ Whereas weight increased minimally with insulin glargine, weight decreased slightly
with sitagliptin. Body weight increased by 0.44 kg (0.97 lbs) from baseline of 84.3 kg (185.5 lbs )
on glargine and decreased by 1.08 kg (2.38 lbs) from baseline of 84.2 kg (185.2 lbs ) on sitagliptin.
Dr. Aschner noted that the weight loss with sitagliptin was greater than expected, as DPP-4
inhibitors are usually weight-neutral.

▪ Dr. Aschner noted five important limitations to the study: 1) the study was open label; 2)
the absence of placebo groups prevented the determination of therapy-driven absolute A1c changes;
3) insulin treatment was accompanied by increased monitoring and contacts with care teams due to
titrations; 4) the study was short term; and 5) the challenges associated with patient acceptance of
insulin must be considered despite the likely benefits.

Questions and Answers

Q: In light of the ACCORD study, do you have any anxiety about targeting an A1c under 6.5%?
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A: Although we did a tight titration, the results show that the patients did not have severe hypoglycemia.
ACCORD looked at long term diabetes patients who had complicated cases. If you begin insulin treatment
early enough, you might be able to get a better result and do so less dangerously.

Q: Did the protocol allow you to use the morning insulin instead of the night dose with regard
to hypoglycemia?

A: No, we did not allow them to change to a morning dose. They all had to take the Lantus at night. We didn't
think this would make a big difference in type 2 diabetes, though we didn't test it.

Q: Do you respond better to a particular treatment if you have a higher A1c?

A: We found that patients had a better response if their A1c was over 8.3% than under 8.3%, but we did not
conduct a subgroup analysis by treatment.

Q: I was struck by the seven-point SMBG profile data you showed. All the points, including
postprandial values, were lower with glargine than with sitagliptin. Can you explain why?

A: These were type 2 diabetes patients that still had their own insulin production. The fact that glargine gave
them better glucose control probably improved the response of their own beta cells.

Q: As a follow-up to the ACCORD question, can you comment on your patient population being
younger and having much lower incidence of cardiovascular disease. Can you speculate
applying your hypoglycemia data to an older and higher-risk population?

A: This study was very short so we could not do anything about cardiovascular disease outcomes. Something
that was striking was that this population had very low rates of severe hypoglycemia. High hypoglycemia
should be considered in older people. On the other hand, if you use the treatment early enough it seems to be
safe.

Q: You are comparing glargine with a titration to sitagliptin, where you do not have a titration.
Glargine has a design advantage.

A: You are totally right and that was the challenge we had with the EASIE trial and why it wasn't that easy. But
that's what we have to decide. Do we give a simple oral therapy or a rather complicated titration with insulin?
We need to look at the pros and cons of both treatments. If you want a better goal, it becomes complicated.
Sitagliptin is a simple treatment, but maybe does not allow for the best goal. This is what we deal with in real
life.

Product Theater

RAMP UP: RAPID-ACTING INSULIN MANAGEMENT PROGRAM (SPONSORED BY SANOFI)

Timothy Reid, MD (Mercy Diabetes Center, Janesville, WI)

RAMP (Rapid-Acting Insulin Management Program) Up is a program funded by Sanofi to aid primary care
practitioners in training their patients how to use rapid-acting insulin. The program consists of three steps:
1) identify the patient who may require prandial insulin; 2) initiate prandial insulin using a stepwise
treatment option in appropriate patients; and 3) intensify prandial insulin to address hyperglycemia
associate with disease progression. The program advocates the use of prandial insulin if postprandial
glucose is not at target, or if A1c is not at goal of <7% even if fasting glucose is in target range. An important
part of the program is the use of a basal-plus one regimen to help patients transition to prandial insulin.
RAMP Up suggests starting patients on a single prandial dose at their largest meal in addition to their bolus
insulin. RAMP Up additionally offers educational speaker events, in-office CDE workshops, and a RAMP Up
information package that includes educational materials for patients and for physicians.

▪ RAMP (Rapid-Acting Insulin Management Program) Up is a program funded by
Sanofi to aid primary care practitioners in training their patients how to use rapid-
acting insulin. The speaker noted that approximately eight out of 10 physicians find it somewhat
difficult to train and support patients with mealtime insulin. Adjusting what and how much to eat is
perceived as the most common challenge.
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▪ The program consists of three steps: 1) identify the patient who may require prandial
insulin; 2) initiate prandial insulin using a stepwise treatment option in appropriate
patients; and 3) intensify prandial insulin to address hyperglycemia associate with
disease progression. While a basal insulin is the most common first step in transitioning to
insulin, this program encourages physicians to consider the options of basal-bolus 3x/day or
alternatively basal-plus one bolus (to ease patients into a more intensive regimen).

▪ The program advocates the use of prandial insulin if postprandial glucose is not at
target, or if A1c is not at goal of <7% even if fasting plasma glucose is in target range.
This is based on the idea that prandial insulin helps limit glucose excursions from peripheral
resistance, where fasting plasma glucose is more a reflection of hepatic insulin resistance.

▪ An important part of the program is the use of a basal-plus one regimen to help
patients transition to prandial insulin. RAMP Up suggests starting patients on a single
prandial dose at their largest meal in addition to their bolus insulin. Oral treatments excluding
metformin should be discontinued or tapered, but metformin should be continued. The prandial
should be adjusted if fasting plasma glucose falls below 70 mg/dl, or there are incidents of
hypoglycemia. A suggested approach when titrating down is to decrease the dose by 10% or four
units, whichever is greater, and assess improvement.

▪ If target A1c is still not reached after 2-3 months on basal-bolus plus one, the program
recommends that a further dose should be considered (two boluses/day). If this is not
adequate, then a third should be added, bringing the patient to a full basal-bolus x3 regimen.

▪ He discussed Sanofi's insulins, insulin glulisine (Apidra) and insulin glargine
(Lantus). He advocated the use of Apidra in basal-plus one regimens, saying that it is the most
clinically studied rapid-acting insulin in this type of regimen. He briefly reviewed results of the
OPAL study, which compared basal-plus one Apidra at breakfast to the largest meal of the day. This
study showed that taking Apidra with the main meal led to 52% of patients reaching their target A1c
compared to 37% in the breakfast group.

▪ "Mealtime Masters" is a free support program for patients on Apidra. CDEs provide
education and support to patients by telephone or online webinar. Sanofi also provides a related co-
pay savings program to help patients with their Apidra prescription out-of-pocket costs.

▪ RAMP Up additionally offers educational speaker events, in-office CDE workshops,
and a RAMP Up information package that includes educational materials for patients
and for physicians.

Cardiovascular Disease and Other Complications

Symposium: Clinical Aspects of Hypoglycemia in Diabetes - Consequences and Prevention

HYPOGLYCEMIA IN TYPE 1 DIABETES - RESULTS FROM THE EURODIAB COMPLICATIONS
STUDY

Gabriella Gruden, MD (University of Turin, Turin, Italy)

Dr. Gruden presented new data from the EURODIAB IDDM Complications Study and the EURODIAB
Prospective Complications Study on the relationship between severe hypoglycemia and QTc interval, CVD,
and CVD markers. According to Dr. Gruden, the rationale for her group's analysis came from: 1) studies
suggesting that nocturnal hypoglycemia can induce alterations in QTc interval, 2) a lack of data on the
relationship between hypoglycemia and CVD in type 1 diabetes (despite a link having been shown in type 2
diabetes), and 3) proposals that hypoglycemia induces rises in inflammatory cytokines and markers of
endothelial dysfunction. The EURODIAB IDDM study recruited 3250 patients with type 1 diabetes aged
16-50 at 31 European centers. A variety of data, including severe hypoglycemia and QT interval data, was
collected at baseline. Patients were then followed up with at six to eight years at which time morbidity and
mortality and hypoglycemia data, along with blood sample data were collected. At baseline, 68% of patients
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did not report any hypoglycemic episodes over the past year, while 19% reported 1-2, and 13% reported ≥ 3.
Severe hypoglycemia was found to be independently associated with QTc interval prolongation,
independent of complications. Meanwhile, there was no association between severe hypoglycemia and CVD.
Finally, severe hypoglycemia was not associated with differing levels of CVD markers and neither
complications nor CVD were associated with nonsevere hypoglycemia in the year prior to follow-up.

▪ The EURODIAB IDDM study recruited 3250 patients with type 1 diabetes of more than
one-year duration were recruited at 31 centers in 16 European countries. Data on severe
hypoglycemia was self-reported in questionnaires. Hypertension, retinopathy, microalbuminuria,
macroalbuminuria, CVD, and QT intervals were also assessed at baseline. At baseline, 68% of
patients did not report any hypoglycemic episodes over the past year, while 19% reported 1-2, and
13% reported ≥ 3.

▪ Patients were then recalled for follow-up after six to eight years, at which time data on
morbidity and mortality were collected and another hypoglycemia questionnaire (which now
included questions about nonsevere hypoglycemia as well) was administered. A nested case-control
study was also designed at follow-up; case subjects were chosen to have the highest complication
burdens (while control patients had no complications) to enable subgroup analyses. Finally, blood
samples used for analysis of CVD markers and cytokines were taken from both case (n=363) and
control (n=168) patients taken at follow-up. VCAM-1, E-Selectin, IL6, TNF- α, HSP27, anti-HSP60
and HSP70 antibodies, and plasma CRP levels were measured.

▪ In the EURODIAB IDDM study, severe hypoglycemia was independently associated
with QTc interval prolongation. Logistic regression analysis showed that frequency of severe
hypoglycemia was associated with longer diabetes duration, lower A1c, and prolonged QTc. The
association between severe hypoglycemia and QTc interval prolongation was independent of
diabetic microvascular/macrovascular complications. According to Dr. Gruden, these results
support the hypothesis that severe hypoglycemia may represent not only a trigger, but also a risk
factor, for QTc interval prolongation and cardiac arrhythmia.

▪ Data from the EURODIAB Prospective Complications Study (PCS) (the follow up to the
EURODIAB IDDM) do not support the hypothesis that severe hypoglycemia is a risk
factor for cardiovascular disease (CVD). 2899 patients were included in this study (340 of
whom had CVD at baseline), Morbidity/mortality and vital status data was missing for 335 and 383
patients, respectively, leaving 2181 patients in the analysis. In this cohort, patients with frequent
hypoglycemia were older, had longer diabetes duration, and a greater prevalence of microvascular
complications. The percent of patients with fatal or nonfatal CVD was similar among patients with 0,
1-2, or 3+ severe hypoglycemic episodes. The proportion of patients with both fatal and nonfatal CV
events was comparable between patients who reported and didn't report severe hypoglycemia, both
at baseline and follow-up. Logistic regression analysis further showed that baseline severe
hypoglycemia wasn't associated with fatal and nonfatal CVD.

▪ Finally, severe hypoglycemia was not associated with markers of CVD in the
EURODIAB PCS. TNF-alpha levels were lower in samples from case subjects who did not report
any severe hypoglycemic episodes versus those who reported one or more episodes, but the
difference did not persist when adjusting for endothelial function. Per Dr. Gruden, these data show
that cytokines previously postulated to link hypoglycemia to CVD do not differ in patients with or
without a history of hypoglycemia. Further logistic regression analysis showed that neither
complications nor CVD were associated with nonsevere hypoglycemia in the year prior to follow-up.
Subjects with severe hypoglycemic episodes at follow-up had a 53% reduced risk of CVD, but the
association wasn't significant after adjustment for A1c.

HYPOGLYCEMIA IN TYPE 2 DIABETES - REVISITING THE IMPLICATIONS OF
HYPOGLYCEMIA IN THE ACCORD TRIAL

David Brillon, MD (Weill Cornell Medical College, New York, NY)
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After reviewing the literature published to date on the implications of hypoglycemia in the ACCORD trial,
Dr. Brillon concluded: 1) patients with type 2 diabetes who experience symptomatic, severe hypoglycemia
are at increased risk of death regardless of the level of intensity of glycemic control (Bonds et al., BMJ
2009); 2) the increased risk of death among participants in the intensive arm in ACCORD cannot be
attributed to the increased of severe hypoglycemia in the intensive arm (Bonds et al., BMJ 2009); 3) certain
baseline characteristics (female gender, African-American ethnicity, having less than high education, age,
insulin use at baseline, peripheral neuropathy, lower BMI, nephropathy) may predict subsequent episodes
of severe hypoglycemia (Miller et al., BMJ 2010); and 4) patients with poor cognitive function may be at
higher risk (Punthakee et al., Diabetes Care 2012). After the presentation concluded, Dr. Philip Cryer
(Washington University of St. Louis, St. Louis, MO), the moderator for the session, commented that the
excess mortality observed in ACCORD could have been a result of chance or some non-glycemic factor; he
stated that he doesn't think we'll ever know with certainty what caused the excess mortality in the intensive
control arm of ACCORD.

Symposium: Predictors and Consequences of Diabetic Kidney Disease

STATE OF THE ART LECTURE - DEATH AND CARDIOVASCULAR DISEASE IN DIABETES -
IT'S ALL ABOUT THE KIDNEY

Ian H. de Boer, MD (University of Washington, Seattle, WA)

In this excellent overview, Dr. de Boer discussed the intimate association between kidney disease and
diabetes-related excess mortality (nearly all excess mortality in type 1 and type 2 diabetes seems to occur
among people that get nephropathy), the potential reasons for this link (e.g., kidney disease may be an
indicator of underlying CV disease; it may also cause dangerous accumulation of small molecule toxins or
interfere with production of key products like vitamin D), and the ways that a greater focus on the kidney
could shape how we think about novel candidates (possible approaches include antioxidants [e.g., Reata's
bardoxolone methyl], Klotho-based therapy, and probiotics) and existing therapies (e.g., pioglitazone seems
to reduce CV risk most strongly in people with impaired glomerular filtration rate [GFR]).

▪ Kidney disease seems to be closely related to long-term outcomes in both type 1 and
type 2 diabetes. Both the classic FinnDiane study (Groop et al., Diabetologia) and a subsequent
paper by Orchard et al. (Diabetes 2009) suggest that excess mortality risk in type 1 diabetes is seen
only among patients with kidney disease. Kidney disease in type 2 diabetes is numerically a much
bigger concern - 2005-08 NHANES data suggest that 6.9 million patients had kidney disease as
diagnosed by albumin/creatinine ratio and/or low estimated glomerular filtration rate (eGFR), up
from 3.9 million in 1988-1994. Though the effect is not quite as "clean" as in type 1 diabetes, kidney
disease shows a strong relationship to mortality in these patients as well. In a not-yet-published
analysis of 1988-1994 NHANES data and the national death registry, Dr. de Boer's team found that
kidney disease was more frequent among people with type 2 diabetes than people without (42% vs.
9%) and also much more debilitating (10-year mortality was roughly 30% among people with kidney
disease and diabetes vs. 17% for kidney disease alone). However, in the absence of kidney disease,
people with type 2 diabetes had only 4% higher 10-year mortality than those without diabetes (and
even this excess risk disappeared once the researchers adjusted for lipids and blood pressure).

▪ Dr. de Boer thinks it likely that kidney disease is both an indicator of separate disease
processes (e.g., a marker of endothelial dysfunction or organ fibrosis) and an
independent causal factor in mortality (e.g., contributor to blood volume/pressure
dysregulation, dyslipidemia, systemic inflammation, and/or oxidative stress). He said that the most
intuitive mechanism for risk causation is the accumulation of small molecule toxins (e.g., filtration
of potassium and phosphorous is reduced, as is secretion of uric acid). Also accumulating in kidney
disease are several substances derived from gut microbial production, which suggest impaired
hepatic metabolism (Wang et al., Nature 2011). Other plausible mechanisms for the mortality
increase involve the kidney's role in synthesizing and/or regulating key molecules such as vitamin D
(which is regulated by the "fountain-of-youth" molecule Klotho) and erythropoietin. Erythropoietin
replacement has not been successful in reducing cardiovascular disease, apparently due to off-target
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effects that increase the risk of stroke and other adverse events. However, many kidney-related
therapeutic approaches still remain to be explored, including phosphate reducers, vitamin D
supplements, Klotho-related treatments, probiotics, and antioxidant/anti-inflammatory drugs (we
note that this last approach has shown great promise in the form of bardoxolone methyl, Reata's
phase 3 pill for CKD - for background on phase 2 results see https://closeconcerns.box.com/files#/
files/0/f/156221913/1/f_1163305873).

▪ A greater focus on the kidney could change the way clinicians set treatment goals and
evaluate risk-benefit for existing therapies. No randomized controlled trials have examined
whether glucose-lowering therapies improve outcomes in people that already have moderate renal
failure or end-stage renal disease. However, observational data suggest that the relationship
between A1c and mortality in kidney disease is a J-shaped curve, with the lowest risk seen at A1c of
7.0% (Dr. de Boer emphasized that he was not making a treatment recommendation but that
perhaps caution should be exercised in setting <7.0% targets for people with diabetes and CKD).
Impaired renal clearance means greater accumulation of diabetes drugs, which has the potential to
amplify their associated side effects (Dr. de Boer said not to use long-acting sulfonylureas in these
patients, and he reminded listeners that metformin is currently contraindicated in renal disease due
to increased risk of lactic acidosis). However, the benefits of some drugs might also be increased:
Ting et al. found that pioglitazone led to statistically significantly greater CV risk reduction in people
with eGFR below 60 than above 60 (Diabetes Care 2011).

Questions and Answers

Q: In type 2 diabetes, there is a sex difference with regard to CKD. Could you explain it in
detail?

A: Yes, men get more albuminuria in type 1 and type 2 diabetes, I believe.

Q: Have you adjusted for the impact of age in type 2 diabetes?

A: Chronic kidney disease seems most prevalent among the elderly, but the association of kidney disease and
mortality risk seems to persist regardless of age.

Q: Many years ago, the Steno group investigated the possibility that in type 2 diabetes,
albuminuria is actually a marker of macrovascular disease.

A: I believe that hypothesis continues to stand the test of time. I mentioned it briefly as a reason that the
association of kidney disease and CVD could be confounded.

Q: There is concern about using metformin in patients with reduced renal function due to
lactic acidosis. But so few patients have lactic acidosis - is the concern around this risk
exaggerated?

A: I think that the data are limited and that liberalization in lower GFR warrants further investigation.

Oral Sessions: Diabetic Foot Disease - What Contributes to Healing?

ROGER PECORARO AWARD LECTURE - DIABETIC FOOT INFECTIONS - PROGRESS IN A
PEDESTRIAN PROBLEM (09-OR)

Benjamin Lipsky, MD (University of Washington, Seattle, WA)

Recipient of the Roger E. Pecoraro Award, Dr. Lipsky began his presentation on the history and
advancement in the treatment of diabetes foot infections (DFIs) by briefly (and humorously) chronicling the
study of podiatry since the 17 century. He then led the audience to the 20 century, explaining howthth

modern study of DFIs began in the 1920s, steadily gaining more attention with the development of penicillin
and safer amputation methods throughout the century; however, as Dr. Lipsky believes, "amputation is a
good start, but we should be able to do better than that." Thus, over the last 30 years, Dr. Lipsky and his
team have worked to enhance understanding DFIs with the goal of bettering treatment, guidelines, and
quality of life for patients suffering from such infections. During ADA, new treatment guidelines for DFIs
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developed by this group were published by the Infectious Disease Society of America. Thanks to attention to
enhancement of treatment of DFIs, rate of amputations and length of hospitalization due to DFIs have
decreased dramatically in the past two decades.

▪ New guidelines for infection have brought treatment of DFIs to a more effective level:
This update includes new recommendations for assessment, management, and therapy, as well as
updated references and recommendations for future research questions and regulatory changes.

HIGH MORTALITY RATES FROM FOOT COMPLICATIONS IN DIABETIC PATIENTS ON
DIALYSIS (120-OR)

Agbor Ndip, MD (Manchester Royal Infirmary, Manchester, United Kingdom)

Diabetes is the single most common cause of end stage renal disease requiring renal replacement therapy -
foot disease in diabetes further compounds the already poor survival of dialysis patients. In an effort to
provide data to back up this assertion, Dr. Ndip presented results from a two-year prospective study that
aimed to evaluate the impact of lower extremity complications on mortality in persons with diabetes
receiving renal dialysis. At the end of this period, the overall mortality rate was 53.1%. Furthermore,
patients who had a foot ulcer at the start of the study had a higher mortality rate than those who did not
(59% vs. 41%). According to Dr. Ndip, these results strongly implicate foot disease as a predictor of
mortality. He noted that his data demonstrate that an active ulcer increases one's risk of dying by 120%,
warranting future research to investigate if patient interventions will result in reduced ulcerations,
amputations, and, ultimately, mortality among dialysis patients with diabetes.

▪ All 192 diabetes patients underwent comprehensive assessment prior to and during
the study but still showed slightly variable baseline statistics. For example, baseline A1c
(7.8%), age (62 ± 13 years), and gender (65% male, 35% female) may account any variability in data.
During the study, all patients participated in routine, comprehensive foot examinations and follow-
up reviews at three monthly intervals to assess risk factors, incident food ulcer/amputation, vascular
procedures, hospitalizations foot related or not, and vital status.

Questions and Answers

Q: In this context, surely the foot ulcer is just the manifestation of a patient with more
advanced diabetes complications; it's sure that they are going to die. Are you suggesting that
treating the foot ulcer would increase their chance of surviving?

A: I would argue that if we could prevent foot ulcers to start with, then we can at least attack the predictors of
death. We can organize better mechanisms for care.

Q: Have you analyzed data about differences in death between those who had ulcers and those
who had not? I would wonder if there was a higher rate of patients stopping dialysis or
committing suicide, for example.

A: That is a very important point. That is ongoing as we speak.

Posters

PHARMACOKINETICS, SAFETY, AND TOLERABILITY OF A LONG-ACTING C-PEPTIDE
(ERSATTA) IN PATIENTS WITH TYPE 1 DIABETES (1078-P)

Howard Foyt, MD, PhD (Cebix, La Jolla, CA)

Dr. Foyt was enthusiastic about Cebix's new once-weekly C-peptide drug, Ersatta, for the disease-modifying
treatment of diabetic peripheral neuropathy. Ersatta is a long-acting form of human C-peptide constructed
through site-specific linkage to a single polyethylene glycol (PEG) moiety. Preclinical data show that
Ersatta improves nerve conduction velocity and thus reverses the progression of peripheral neuropathy. Dr.
Foyt described the recently completed randomized, blinded, placebo-controlled, multiple-ascending dose
study in 30 people with type 1 diabetes. Participants were equally assigned to one of three groups: 0.3 mg,
1.0 mg (the estimated C-peptide "replacement" dose level), and 3.3 mg (each group included eight actively
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treated and two on placebo). The half-life of Ersatta was six to seven days (vs. one hour for naturally
occurring C-peptide), supporting once weekly dosing. The drug was also safe and well tolerated with no
reportable SAEs. These results have encouraged Cebix to undertake a phase 2 trial that includes 42
individuals. Encouragingly, Cebix's Ersatta has also been granted fast track status by the FDA for Ersatta
in the diabetic peripheral neuropathy indication. Eventually, the company hopes Ersatta could be used as a
treatment for all microvascular complications associated with diabetes.

▪ Dr. Foyt gave significant credit to Dr. Wahren, Cebix's Chief Scientific Officer, for
revitalizing the field of C-peptide study after years of researchers casting it off as a
waste of resources. Because C-peptide is released along with insulin but has a much longer half-
life (three minutes vs. 68 minutes), Dr. Wahren believes it must have some sort of physiological
benefit.

Questions and Answers

Q: Do you plan to investigate C-peptide analogues that would be injected along with one's
normal insulin therapy, as to mimic physiological dosing?

A: Not at this time. We are focusing on a once weekly formula and have no current plan to mix this drug with
insulin. Patients with diabetes already have a large number of required injections and we would like to avoid
increasing that number as much as possible.

Symposium: Sleep Disorders and Diabetes - From Epidemiology to Intervention

SLEEP DURATION AND QUALITY AND DIABETES RISK

Esra Tasali, MD (The University of Chicago, Chicago, IL)

This presentation examined whether sleep quality and deprivation contributed to the development of type 2
diabetes. In both scenarios, Dr. Tasali established that inadequate sleep quality and duration pose major
risk factors. Sleep deprived individuals displayed increased insulin resistance, heightened caloric intake,
and an inability to loose as much weight as their well-rested counterparts. Inadequate sleep quality reduced
insulin sensitivity by 27%.

▪ A meta-analysis was recently conducted, linking insufficient sleep duration to the
incidence of type 2 diabetes. This analysis consisted of a 90,000-person testing group that drew
data from studies with at least a three-year follow up. Limitations to these studies included self sleep
reporting and the absence of control group for obstructive sleep apnea (OSA). Still, the meta analysis
revealed that there was a significant risk for developing type 2 diabetes with inadequate sleep
(defined as less than five to six hours of sleep).

▪ Sleep deprivation is a major risk factor for developing type 2 diabetes. Three studies
cited by Dr. Tasali pointed to reduced insulin resistance resulting form sleep deprivation.
Participants in these studies were subjected to sleep deprivation (six nights with four hours of sleep,
14 nights with five hours of sleep, and six nights with five hours of sleep, respectively). Participants,
even healthy, young individuals, displayed insulin resistance resulting from inadequate sleep.
Caloric intake is also increased by sleep deprivation. Dr. Tasali cited a study that subjected
participants to four versus nine hours of sleep. Those that slept only four hours consumed 300 more
calories than their counterparts. Sleep deprivation also limits weight loss. Participants who slept 8.5
hours versus 5.5 hours lost 6.6 more pounds over a two-week period.

▪ Sleep quality also contributed to acquiring type 2 diabetes. A study cited by Dr. Tasali
found that reduced sleep quality, specifically resulting from sleep apnea, reduced insulin sensitivity
by 27%.. In this study, 18-30 year-old participants were subjected to sleep fragmentation. This
process uses acoustics or vibrations to reduce slow-wave sleep in order to mimic obstructive sleep
apnea. Dr. Tasali's own study confirmed these results, finding an increased diabetes risk and
decreased insulin sensitivity resulting from OSA induced sleep fragmentation.

Questions and Answers
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Q: Was there any difference between insulin secretion and sensitivity between an obese and
non-obese person in sleep-deprived patients?

A: I don't think there is a study that compared the two. However, one study that I am familiar with used
overweight subjects. In separate studies, it has shown to reach the same outcome, but it has not been directly
researched.

Q: When you look at incidences of hypoxia are they worse, better, or the same as subjects with
non-hypoxic episodes.

A: The last study that I cited showed they have OSA that is characterized by arousals. We look at repertory
events to see the occurrences of arousals. Sleep apnea in young people is categorized by arousals. In obesity,
there could be differing physical characteristics in sleep apnea - for instance difficulty of contracting a
diaphragm. What we should do is identify the population group who are most vulnerable to type 2 diabetes,
especially, if they are to have a specific subtype of sleep apnea.

SLEEP APNEA AND DIABETES RISK

Naresh M. Punjabi, MD, PhD (Johns Hopkins, Baltimore, MD)

This presentation covered the negative impacts of sleep complications, specifically sleep apnea, hypoxia
and, sleep fragmentation, on glucose metabolism. Fifteen or more occurrences of apneas in an hour results
in a 36% increase in impaired glucose tolerance. Dr. Punjabi also established that insulin sensitivity is
inversely related to the prevalence of apneas. When a person experienced sleep fragmentation or hypoxia,
insulin sensitivity decreased by 30%. However, it remains inconclusive if treatment to mitigate these sleep
complications has a positive effect on glucose metabolism.

▪ Dr. Punjabi presented data establishing that a connection exists between sleep apnea
and altered glucose metabolism. His Heart Health Study found that there is a close correlation
between the prevalence of apneas (a cessation of airflow for at least 10 seconds during sleep) and
glucose sensitivity. A person experiencing fifteen or more apneas an hour had a 36% higher
impaired glucose tolerance. This reached 46% when adjusted for other outside factors. Participants
in the study who experienced hypoxia (a decrease in airflow during sleep by at least 50% that is often
the result of apneas) had the highest prevalence of impaired fasting glucose. Sleep apnea was also
inversely related to insulin sensitivity. That is, the more prevalent the occurrence of apneas, the
more sensitive to insulin a participant was.

▪ Hypoxia and sleep fragmentation were found to decrease insulin sensitivity. In his
study, Dr. Punjabi varied the participant's oxygen concentrations over a period of five hours to
mimic the effects of hypoxia. The change in oxygen concentrations persisted for one day followed by
a day of normoxia. The results of his study were surprising: after only five hours of hypoxia, insulin
sensitivity fell by an average of 30%. Dr. Punjabi also examined the effect of sleep fragmentation on
insulin sensitivity, "torturing subjects" by embedding vibrators designed to wake participants every
30 seconds into a bed. Similar to the hypoxia results, the study showed that insulin sensitivity
decreased by 25%-30% resulting from sleep fragmentation. Increased insulin compensation and
decreased glucose effectiveness also resulted.

▪ It is still inconclusive if CPAP treatment (treatment to mitigate sleep apnea and
hypoxia) has a positive effect on glucose metabolism. According to Dr. Punjabi, two days of
therapy would improve insulin sensitivity; however, because the study was not controlled, he "still
does not know if treatment will make people better." Another study tried to determine if reversing
the effects of hypoxia in mice would result in better glucose metabolism. Treatment improved some
aspects, but not all, of the metabolic symptoms in mice. Glucose tolerance and beta cell function did
not fully recover.

Questions and Answers
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Q: One caveat I found to your presentation is beta cell completion. I have done research that
shows that actually, beta cell completion is not instantaneous. We determined it takes a couple
of weeks to for beta cell function to return to some degree.

A: The time course for the study was about 48 hours. This is a very important issue you have raised. To fully
answer your question, we need to be mindful of more studies, and to conduct more longitudinal work.

Oral Session: Frontiers of the Diagnosis and Treatment of Neural Dysfunction

IMPACT OF GLYCEMIC CONTROL STRATEGIES ON THE INCIDENCE OF DIABETIC
PERIPHERAL NEUROPATHY IN THE BYPASS ANGIOPLASTY REVASCULARIZATION
INVESTIGATION 2 (63-OR)

Rodica Pop-Busui, MD, PhD (University of Michigan, Ann Arbor, MI)

BARI-2D evaluated efficacy of prompt revascularization versus medical intervention in people with
coronary artery disease and type 2 diabetes. Within the medical intervention group, insulin-providing (IP)
versus insulin-sensitizing (IS) treatments were compared. This sub-analysis evaluated the prevalence and
incidence of diabetic peripheral neuropathy (DPN) in the BARI-2D cohort (N=2159). Using an intent-to-
treat analysis, the authors found that that among people without DPN at baseline (N=1075), there was
significantly lower progression to DPN in the IS (54%) compared to the IP (63%) group. There was no
significant difference in the prevalence of DPN when including all patients (both those who had and did not
have DPN at baseline).

▪ BARI-2D evaluated efficacy of prompt revascularization versus medical intervention
in people with coronary artery disease and type 2 diabetes. Within the medical
intervention group, insulin-providing (IP) versus insulin-sensitizing (IS) treatments were compared.
The randomized study showed similar cardiovascular outcomes across these two groups. The formal
study results were published in NEJM in 2009.

▪ This sub-analysis evaluated the prevalence and incidence of diabetic peripheral
neuropathy (DPN) in the BARI-2D cohort (N=2159). At baseline, mean age was 62 years, A1c
was 7.7%, and duration of diabetes was 10 years with no difference between the IP and IS groups.
DPN was defined as a score greater than two on the Michigan Neuropathy Screening Instrument
(MNSI).

▪ Using an intent-to-treat analysis, the authors found that that among people without
DPN at baseline (N=1075), there was significantly lower DPN in the IS (54%)
compared to the IP (63%) group. Correcting for A1c at baseline, this yields a hazard ratio of
0.81 for IS versus IP. This effect was strongest in a further subgroup of people <65 years (HR= 0.75),
males (HR= 0.74), and had triglycerides >=150 mg/dl (HR= 0.74).

▪ There was no significant difference in the prevalence of DPN when patients starting
with DPN were included. There was also no difference in the prevalence of DPN when only
considering patients who had DPN at baseline (reversal rate).

Questions and Answers

Q: So more than 70% of your patients had DPN, how do you explain that?

A: Well that's not quite right, that's looking only at people who did not have it to begin with. If you're looking
at everybody, the proportion is closer to 50%.

Q: Was there any difference in weight?

A: I don't know that off the top of my head, but I do know that there was no difference in blood pressure.
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NEW COLLAGEN-LINKED ADVANCED GLYCATION ENDPRODUCTS (AGES) PREDICT
MICROVASCULAR (MV) DISEASE PROGRESSION RISK IN TYPE 1 DIABETES - 16 YEARS
AFTER THE DIABETES CONTROL AND COMPLICATIONS TRIAL (DCCT) (64-OR)

Saul Ganuth, MD (Case Western Reserve University, Cleveland, OH)

Advanced glycation end products (AGEs) are intracellular proteins conjugated with sugars, the formation
of which has been linked to various pathologies and natural aging. This research group measured AGEs in
skin biopsies from the DCCT. The original study measured six advanced glycation end products, and this
new analysis adds four more: glucosepane (GSPNE), methylglyoxal (MG-H1) and glyoxal (G-H1),
hydroimidazolones, and carboxyethyl-lysine (CEL). Including these new markers, GSPNE and fructose-
lysine seem to correlate the most strongly with the incidence of retinopathy. Furosine is the strongest
predictor of nephropathy, while MG-H1 and furosine are the strongest predictors of neuropathy.
Importantly, these variables are significant despite adjustments for A1c during EDIC as well as other blood
glucose control measures measured in the study.

▪ Advanced glycosylation products (AGEs) are intracellular proteins conjugated with
sugars, the formation of which has been linked to various pathologies and natural
aging. Due to higher levels of blood sugars, people with diabetes have relatively higher
concentrations of AGEs in their cells. AGEs have been associated with the so-called "metabolic
memory." Metabolic memory refers to the effect of differing outcomes within the intensive versus
conventional treatment groups 10 years post-DCCT.

▪ This research group measured AGEs in skin biopsies from DCCT. The original study
measured six advanced glycation end products: fructose-lysine (furosine), fluorescence, pentosidine,
CML, acid soluble collagen, and insoluble collagen. Furosine is the earliest glycosylation product in
this panel. Levels of these AGEs correlated with increased incidence of retinopathy but not
neuropathy.

▪ Recently, samples were re-analyzed for four new AGEs: glucosepane (GSPNE),
methylglyoxal (MG-H1) and glyoxal (G-H1), hydroimidazolones, and carboxyethyl-
lysine (CEL). Glucosepane is the latest-developing AGE in this new panel.

▪ Including these new markers, GSPNE and furosine seem to correlate the most
strongly with the incidence of retinopathy. When correcting for these markers, the effect of
A1c from EDIC loses significance, implying that these two AGEs may account for a proportion of this
A1c-retinopathy association.

▪ The new panel with all 10 AGEs also predicts microalbuminuria and neuropathy
independently of A1c. Furosine is the strongest predictor of nephropathy, while MG-H1 and
furosine are the strongest predictors of neuropathy.

Questions and Answers

Q: Do you think that we'll need to look at tissue levels clinically if we use this as a marker?

A: Tissue levels are better, but they involve an invasive procedure as well as the measurement of ten products.
So it's probably not practical for clinical use, even though it's invaluable from a research perspective. Auto-
fluorescence, which is non-invasive, might be a practical way of making use of the biology that we've
explained. We'll let you know at the meeting next year if this is an important clinical marker that could be
used instead of AGEs.

CAN SIMPLE FUNCTION TESTS FOR CARDIOVASCULAR AUTONOMIC NEUROPATHY (CAN)
PREDICT CORONARY ARTERY DISEASE 9CAD) IN TYPE 1 DIABETES (T1D)? (69-OR)

Georgia Pambianco, MS, MPH (University of Pittsburgh, Pittsburgh, PA)

Ccardiovascular autonomic neuropathy (CAN) is thought to confer a high risk of mortality, coronary artery
disease (CAD), heart failure, and tachycardia. Since there is no agreement on the optimal screening for
autonomic neuropathy in type 1 diabetes, the long term predictive power of two simple tests, E/I ratio and

www.closeconcerns.com 222



30:15 ratio, were assessed with regard to CAD incidence in the Pittsburgh Epidemiology of Diabetes
Complications (EDC) study of childhood onset type 1 diabetes cohort. CAD was defined as clinic physician
diagnosed angina, ischemic ECG changes, revascularization, confirmed MI, or CAD death. Risk factors
examined were diabetes duration, age, A1c, hypertension, smoking, total cholesterol, HDL, triglycerides and
LDL cholesterol, waist/hip ratio (WHR), gender, WBC, estimated glomerular filtration rate (GFR), and
albumin excretion rate (AER). Forty-seven (19%) out of 248 participants developed CAD in the follow up
period. Univariately, E/I ratio but not 30:15 ratio predicted CAD. In the fully adjusted model, E/I ratio
remained independently predictive along with diabetes duration, WBC, and A1c. The study indicates that
the E/I, but not the 30:15, is an independent predictor of CAD, and thus the preferred simple measure.

▪ Since there is no agreement on the optimal screening for autonomic neuropathy in
type 1 diabetes, the long-term predictive power of two simple tests, E/I ratio and 30:15
ratio, were assessed with regard to CAD. At study entry (1986-1988, n=658), the mean age
was 28 years and mean diabetes duration was 19 years. Follow up (mean=10.3 years) was
determined from the time of first assessment of the 30:15 ratio test (1994) in 248 participants. The
E/I ratio was measured by means of heart rate response to deep breathing and dichotomized as >1.1
(normal) and <1.1 (abnormal). The 30:15 ratio was measured by the longest RR interval around the
30 heartbeat and the shortest around the 15 heart beat after standing up and dichotomized asthth

>1.04 (normal) and <1.04 (abnormal).

▪ Univariately, E/I ratio (HR 2.8, 95% CI 1.5, 5.1) but not 30:15 ratio (HR 1.3, 95% CI .7,
2.3) predicted CAD. In the fully adjusted model, E/I ratio remained independently predictive
(HR 1.9, 95% CI 1.1, 3.5), along with diabetes duration (HR 1.1, CI 1.0, 1.1), WBC (HR 1.2, CI 1.0,
1.4), and A1c (HR 1.3, CI 1.1, 1.7). The study indicates that the E/I, but not the 30:15, is an
independent predictor of CAD, and thus the preferred simple measure. However, because the cohort
was restricted to a mean diabetes duration of 27 years and free of CAD, no conclusions can be made
about CAD incidence in shorter durations of diabetes. A lack of secondary sympathetic function tests
in this analysis is also a limitation.

Symposium: Behavioral Interventions in Routine Clinical Care - What Works?

STRATEGIES FOR TREATING DEPRESSION AND ANXIETY

Paul Ciechanowski, MD, MPH (University of Washington, Seattle, WA)

Dr. Ciechanowski began with a discussion of how it feels to be stressed and explained how adding diabetes
to the mix influences depression and anxiety. To address stress, he noted a problem-solving based treatment
could be done with seven steps in a few minutes in a clinic visit and also mentioned a meta-analysis of
problem-solving therapy (PST). The goal of PST is for patients to understand the link between symptoms
and problems, be able to define their problems, show patients how they might resolve problems in a
structured way, and to provide a positive experience with problem solving.

▪ People with diabetes may often feel stressed as well as present with depression and
anxiety. However, diabetes isn't always the "big thing" or the primary problem itself. PST is one
method to resolve problems (and may be more effective than other therapies) - Dr. Ciechanowski
suggested if the problems resolve, the symptoms of depression and anxiety may often improve as
well. As Dr. Ciechanowski described, PST helps patients understand the link between symptoms and
their problems, as well as specify what the problem is. PST also provides an opportunity for the
patient to have a positive experience with problem solving.

▪ PST consists of seven steps. First, clarify the problem. When people are stressed, they may not
be able to choose the right problem to solve. Define and write the problems down without judging.
Then, set a goal. Next, brainstorm and generate possible solutions without shooting anything down
(this is often where people get stuck). Determine advantages and disadvantages to each solution.
Then, pick a solution. Describe the steps to the solution and implement them. Most importantly,
come back and evaluate the solution. It is not important whether it was successful, but whether the
patient was able to come up with solutions, act upon them, and take charge of the problem.
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▪ There is evidence to support PST as an effective treatment for depression compared to
alternative psychosocial therapies and medications. Dr. Ciechanowski highlighted a meta-
analysis of 22 PST studies that suggested significantly greater efficacy versus support therapy.
Additionally, he noted PST has been shown to be effective in people with diabetes and other chronic
diseases.

Questions and Answers

Dr. Elizabeth Walker (Albert Einstein College of Medicine, Bronx, NY) In DPP, we used a five-
step problem solving to get to goal setting. Subsequently, it was used with visiting nurses as an
intervention for diabetes and then with peers. I would like your experience with using it - I
found that it was easier for community peers to learn and adopt problem solving for patients
than it was for nurses. Thoughts?

A: We have noticed that people have to undo what they learned - not be psychoanalytical but stick to the seven
steps. It's hard for providers or therapists sometimes. Some people aren't flexible enough to get it and stick to
the structure - they get derailed at family of origin issues and make it too complicated.

Q: Is identifying the problem by the patient the most difficult part?

A: Yes. Sometimes patients have a hard time coming up with problems and don't know where to begin. Once
they get going, it's fine. But there is a certain proportion of patients who have struggles starting.

Symposium: Women, Diabetes, and Cardiovascular Disease - The Perfect Storm

IMPLICATIONS FOR CARDIOVASCULAR DISEASE PREVENTION AND TREATMENT IN
WOMEN WITH DIABETES

Kristin Newby, MD (Duke University, Durham, NC)

Dr. Newby opened by explaining diabetes itself is between a two and four-fold increase in the risk of
cardiovascular events, an effect compounded when other factors (smoking, hypertension) are present. For
women with diabetes, there is a doubling of risk factors compared to men, although conversely women are
more responsive to exercise, alcohol rehabilitation, and diet interventions. Dr. Newby emphasized that
hormone replacement therapy, as shown in the Women's Health Initiative (WHI) and HERS trials, has no
role in preventing cardiovascular events over four years, among women with or without diabetes. The WHI
compared to HERS shows a similar relative increase in stroke, but no benefit on coronary heart disease
events or death. She noted that aspirin is one area where guidelines are not gender neutral, largely because
the Women's Health Study (n=39,876), a randomized primary prevention trial, showed no significant
difference in risk for cardiac events when women took aspirin versus placebo. Aspirin did, however,
decrease the risk of ischemic stroke. Furthermore, she explained that up to 40% of diabetes patients are
resistant to aspirin, and diabetes increases the prevalence of resistance to clopidogrel - the second line
prevention therapy. Dr. Newby highlighted that a large randomized controlled trial of aspirin dosing in
diabetes is currently underway, but for now recommendations based on the Women's Health Study suggest
aspirin as a class one medication only in high-risk women, and not as a routine myocardial infarction (MI)
prevention therapy in younger women. To conclude, she asserted the need to design and analyze studies
with gender in mind, to ensure women are representatively recruited to trials, and to raise women's use of
acute and chronic prevention therapies.

▪ The Women's Health Study (n=39,876), was a randomized, placebo controlled trial of
low-dose aspirin (100 mg) in the primary prevention of cardiovascular disease. Women
in the study were followed women for ten years. There was no significant risk reduction in overall
cardiovascular events, with 477 cardiac events in women on aspirin compared to 522 on placebo
(n=522), a risk ratio of 0.91 (p=0.12). Although there was a significant reduction in overall risk of
strokes (0.83, p=0.04), there was an increase in the relative risk of hemorrhagic stroke (1.24,
p=0.31), which raised concerns, according to Dr. Newby. Additionally, aspirin had no effect in
preventing MI in women, with a relative risk of 1.02 (p=0.83). An age-based difference in aspirin
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efficacy surfaced, as women over 65' use of aspirin, as compared to placebo use, led to 44 fewer MIs,
strokes, or cardiovascular related deaths (p=0.008).

PREVALENCE/BURDEN OF CARDIOVASCULAR DISEASE IN WOMEN WITH DIABETES

Elizabeth Barrett-Connor, MD (University of California San Diego, La Jolla, CA)

The highly regarded Dr. Barrett-Connor provided a packed room with an engaging overview of the burden
and prevalence of cardiovascular disease in diabetes among different ethnic groups, maintaining a specific
focus on women. Dr. Barrett-Connor began by emphasizing her view that the epidemiology of the diabetes
burden has changed drastically in recent decades due to population growth, ethnic disparities, sex
differences, changing life-styles, and growing stressors. Nevertheless, her conclusions were optimistic,
stating that female death rates due to CVD are decreasing at the same rate as men. Presumably, that means
that women have been changing their diet and responding to the interventions. Thanks to American
surveillance of diabetes trends decades ago, the US has maintained a stronger level of attention to this
epidemic than other nations. Dr. Barrett-Connor believes that we have achieved better treatment and
prevention of type 2 diabetes and heart disease to some extent; however, access to affordable health care for
women and minority groups still lacks in many regions.

WHY DOES CARDIOVASCULR DISEASE DISPARATELY AFFECT WOMEN WITH DIABETES,
AND WHAT ARE THE GAPS IN OUR KNOWLEDGE?

Nanette Wenger, MD (Emory University, Atlanta, GA)

Half a century ago, heart disease was thought of as a "man's" disease. Today, it is known that
cardiovascular disease is the number one killer of women in the United States. Dr. Wenger is a pioneer in
the movement that changed this paradigm, and in her talk today she questioned why cardiovascular disease
disparately affects women with diabetes compared to men with diabetes (relative risk for fatal CHD is 50%
higher in women with diabetes than men with diabetes). She approached the discussion by comparing
disparities arising from a biological origin versus those occurring due to gender-based biases. According to
Dr. Wenger, women with diabetes have higher CV risk profiles than diabetic men due to higher rates of
hypertension, atherogenic dyslipidemia, worse LDL control, and clustering of comorbidities. Furthermore,
Dr. Wenger presented a plethora of evidence for gender-based bias that prevent adequate CV treatment for
women with diabetes.

▪ Dr. Wenger's summary clearly demonstrated gender-based bias in access to CV
treatment for women with diabetes. For example, women receive fewer and lower doses of
lipid lowering medications. Studies have shown that women have less access to aspirin, primary and
secondary preventive therapies, and invasive intervention when necessary. Women on Medicare
plans were also 19% less likely to receive appropriate care and LDL control compared to those on
private plans, suggesting that gender-based biased is enhanced among minority groups.

Oral Session Can We Rein in the Costs of Diabetes with Better Diabetes Care?

CHRONIC KIDNEY DISEASE PROGRESSION AND ASSOCIATED MEDICAL COSTS IN TYPE 2
DIABETES (133-OR)

Suma Vupputuri, PhD (Emory University, Atlanta, GA)

Dr. Vupputuri reviewed a retrospective cohort study she helped conduct on the costs of chronic kidney
disease (CKD). The study analyzed over 25,000 patients using the standard zero to four-stage index that
categorizes patients based on estimated glomerular filtration rate (eGFR). Results suggested healthcare
costs increased with higher stage CKD. Furthermore, patients who progressed from baseline (stages zero,
one, or two) to higher stages of CKD had significantly higher healthcare costs compared to those who did
not progress. A large percent (often >40%) of these costs stemmed from incident CKD-related disorders as
opposed to basic CKD care.
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Symposium: Current Status of Acute Complications of Pediatric Diabetes

UPDATES ON PEDIATRIC DKA AND HHS

Nicole Glaser, MD (University of California Davis, Davis, CA)

Dr. Glaser provided an informative overview of pediatric DKA and HHS. She prefaced her talk by
describing the challenge she encountered in squeezing the abundance of noteworthy information concerning
these conditions into a short 30-minute presentation. Dr. Glaser explained that much of the available data
simply guide future studies and do not provide conclusive results that drastically change treatment
approaches. Nevertheless, the dangers of pediatric DKA and HHS are well understood, and high-risk
groups have been identified. Thus, Dr. Glaser emphasized the availability of opportunities for intervention
and improvement of pediatric DKA and HHS treatment.

▪ A number of high-risk groups have been identified in relation to DKA. Children under
the age of two, ethnic minorities, and those with no access to health insurance are
disproportionately affected by DKA. In addition, delayed diagnosis/diagnostic error contributes to
increasing rates of pediatric DKA. Interestingly, there is a decreased frequency of DKA observed in
children with at least one first-degree relative with type 1 diabetes.

▪ Cerebral edema is common in children with DKA and is associated with detectable
neurological injury. In 2006, Glaser et al. demonstrated that ventricle diameter was significantly
smaller in children who had experienced DKA. Furthermore, they found that the apparent diffusion
coefficient of water in brains of these children was lower than in those who had not experienced
DKA. According to the study, this suggests that DKA causes vasogenic edema. Of interest, 55% of
children with ventricular narrowing had some abnormality in mental status compared to just 21% of
children who showed no ventricular narrowing. The subtle neurological dysfunction in children with
DKA is concerning. For example, studies find that children who have had at least one episode of
DKA demonstrate a significant deficiency in contextual memory compared to (two groups were
nearly identical in every other aspect).

▪ HHS frequency and mortality rates are rising: The extent and severity of this condition in
children are often underestimated. Although adequate fluid resuscitation and electrolyte
replacement is hard to optimize, Dr. Glaser indicated that it is imperative that we mobilize to
improve our treatment options and provide prospective data to help augment fluid treatment of
children with HHS. A 13-center prospective randomized trial at the Pediatric Emergency Care
Applied Research Network will evaluate the rate of fluid infusion and rehydration optimization.

Questions and Answers

Q: Could you also explain acute memory deficits with reverse causation?

A: I think what speaks to that being less likely is that the groups otherwise were extremely similar, especially
A1c and glucose levels. It seemed that they at least were controlling their diabetes similarly, so affects from
this treatment did not seem to be affecting memory especially.

FREQUENCY OF AND APPROCHES TO MANAGING SYMPTOMS OF DEPRESSION AND
ANXIETY IN PEDIATRIC DIABETES - SHOULD WE BE SCREENING ALL PATIENTS?

Barbara Anderson, MD, PhD (Baylor College of Medicine, Houston, TX)

In this talk, Dr. Anderson sought to present contemporary empirical evidence associating depression,
anxiety, and psychological distress to pediatric diabetes and discuss psychosocial screening barriers. Her
goal was to answer the question, "Should we be screening all patients/families with diabetes for
depression?" Ultimately, Dr. Anderson's answer was yes, citing the prevalence of depressive symptoms
among individuals with diabetes and the short and long-term consequences of untreated depression in these
individuals.
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▪ Most studies report a two to three times increased risk of depression in both youth
and adults with type 1 diabetes compared to medically well individuals. Of 237 children
with type 2 diabetes, 19.4% had neuropsychiatric disease as diagnosed by a psychiatrist (Katz LE et
al., Ped Diab 2005). According to Dr. Anderson, the complex interrelationships between ADHD,
depressive symptoms, parenting stress due to diabetes-specific family contact, and deteriorating
glycemic control get caught in a vicious cycle, ultimately resulting in more ER visits and
hospitalizations, which return to further complicate these contributing factors.

▪ Commonly reported barriers to psychosocial screening include questions about who
should conduct it, the stigma surrounding it, and the question of reimbursement. To
quell some of these concerns, Dr. Anderson believes that psychology trainees at the internship and
fellowship level are competent for the job of screening children with diabetes for depressive
symptoms, which she argues would come at no extra cost to hospitals.

▪ Dr. Anderson strongly asserts that all patients diagnosed with diabetes should be
screened for psychosocial distress. Considering the strong link between depression and short
and long-term complications, as well as current ADA guidelines for individuals with type 1 diabetes,
Dr. Anderson strongly believes that we must overcome the barrier of reimbursement now and
document the cost-effectiveness of screening in future research.

Symposium: The Holy Grail of Advancing Therapeutics for Diabetic Kidney Disease

NEWER AGENTS

Sharon Adler, MD (Harbor-UCLA Medical Center, Los Angeles, CA)

Dr. Adler reviewed some of the newer pharmacologic agents used to treat diabetic nephropathy (DN).
Combining existing medication classes is currently a contentious issue in nephrology. OnTARGET was a
randomized controlled trial comparing three arms: telmisartan (an angiotensin II inhibitor), ramipril (an
ACE inhibitor), and a combination of the two. The patient cohort had diagnoses of diabetes, coronary artery
disease, and additional risk factors. Surprisingly, the trial failed to show any differences between the
groups and even showed additional renal risk with the combined therapy. Triple therapy is also a potential
choice (adding spironolactone), but it likely carries more risk than benefit. Dr. Adler concluded that
combination therapy is not well studied enough to either rule the practice out or to use it routinely. She
shared a summary of an unpublished study by Zhang et al. (Diabetes 2012) in which early outgrowth cells
(a type of bone-derived stem cell) reduced oxidative injury to the kidneys in a mouse model. Results also
showed a great improvement in albumin-creatinine ratio over a short period of time, seemingly due to the
amelioration of oxidative effects and reversal of fibrosis. Moving forward, Dr. Adler proposed the hot field
in diabetic nephropathy drug development is inflammation and fibrosis. Reata's bardoloxone methyl
represents a new class of anti-inflammatory, anti-oxidant medications that modulates the Nrf2-KEAP
pathway. Pirfenidone is a small molecule antifibrotic that shows promise for diabetic nephropathy. It has
shown in experimental models to reverse and inhibit fibrosis. Like bardoloxone, it improved eGFR but not
ACR in diabetic nephropathy.

▪ Dr. Adler reviewed some of the newer pharmacologic agents used to treat diabetic
nephropathy (DN). She noted that glycemic control can only go so far in treating and preventing
diabetic kidney disease, since the upstroke on the "J" curve for mortality and A1c suggests a floor for
the amount of glycemic control that physicians should expect from their patients.

▪ One failed agent for diabetic nephropathy was alagebrium, a drug that acted to
reverse glycosylation of AGEs. It also modulated some of the oxidant pathways of DN by
attenuating superoxide activity.

▪ Combining existing medication classes is currently a contentious issue in nephrology.
OnTARGET was a randomized controlled trial comparing three arms: telmisartan (an angiotensin II
inhibitor), ramipril (an ACE inhibitor), and a combination of the two. The patient cohort had
diagnoses of diabetes, coronary artery disease, and additional risk factors. Surprisingly, the trial
failed to show any differences between the groups. The only variant outcome it did show was that
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serum creatinine suffered when the two agents were combined versus using them individually. Many
nephrologists took issue with the interpretations of this study due to specifics of the study design. A
year after OnTARGET, a meta-analysis showed that proteinuria was improved in dual therapy.

▪ Triple therapy is also a potential therapy choice, but it likely carries more risk than
benefit. Combining spironolactone (a potassium-sparing diuretic), and ACE inhibitor, and an
angiotensin II blocker lowers proteinuria and SBG but raises serum creatinine and potassium in
diabetic patients. Unfortunately, the hyperkalemia was more clinically significant than the changes
in proteinuria and blood pressure.

▪ Dr. Adler concluded that combination therapy is not well studied enough to either
rule the practice out or to use it routinely. Taken together, she believes that the data
surrounding combination ACE inhibitors and angiotensin II blockers is not convincing and
recommended against its use.

▪ As an aside, Dr. Adler noted that several studies have suggested avoiding a systolic
blood pressure below 120 mmHg in patients with diabetic nephropathy. These included
ROADMAP, ACCORD, IDNT, ONTARGET, and INVEST.

▪ Finding new targets has been largely driven by unbiased "-omics" studies. In particular,
looking at the transcriptomes in diabetic nephropathy has revealed some targets for future
medications. The results of these studies have pointed to proteins mediating an expected culprit,
oxidant species, as potential mediators of the disease.

▪ Dr. Adler shared a summary of an unpublished study by Zhang et al. (Diabetes 2012)
in which early outgrowth cells (a type of bone-derived stem cell) reduced oxidative
injury in a mouse model. The research group extracted the stem cells from bone, then cultured
and reintroduced them into circulation. They found a great improvement in albumin-creatinine
ratio over a short period of time, seemingly due to the amelioration of oxidative effects and reversal
of fibrosis. Mysteriously, however, the early outgrowth cells were not found in the kidney. Nearly
every other organ showed plentiful early outgrowth cells growing within them after treatment.
Further investigating this effect, Zhang et al. showed that early outgrowth cell-conditioned medium
(the extracellular matrix exposed to the stem cells) was able to induce similar effects in cultured
kidney cells in vitro. This suggests that there is a hormonal effect rather than a direct interaction
leading to this improvement in kidney function.

▪ Dr. Adler thinks the hot field in diabetic nephropathy drug development is
inflammation and fibrosis. Persistent inflammation causes fibrosis in the kidney (and most
other tissues). Since there is chronic inflammation in the kidney in diabetics and fibrosis is an
important of diabetic nephropathy, this suggests that addressing inflammation is a valuable target.
Bardoloxone methyl represents a new class of anti-inflammatory anti-oxidant medication that
modulates the Nrf2-KEAP pathway. Early results have shown rapid eGFR improvements (+10.1 ml/
min/1.73m ) at four weeks. The reasons for this are not yet well understood, however, and larger2

trials are underway.

▪ Pirfenidone is a small molecule antifibrotic that shows promise for diabetic
nephropathy. It has shown in experimental models to reverse and inhibit fibrosis. Like
bardoloxone, it improved eGFR but not ACR in diabetic nephropathy. Gastrointestinal symptoms
limited tolerability (and study completion) in the high dose group in clinical trials, however.

▪ The thrombin-thrombomodulin Activated Protein C (APC) pathway (a pathway
usually involved in blood clotting) confers cytoprotection in diabetic nephropathy.
APC enhances the survival of the endothelium, the activity of the podocytes, and overall seems to
have an anti-apoptotic effect in kidneys.

REGULATORY CONSIDERATIONS

Aliza Thompson, MD (US Food and Drug Administration, Silver Spring, MD)
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Dr. Thompson began by defining surrogate endpoints as biomarkers used in therapeutic trials as a
substitute for a clinically meaningful endpoint, and highlighted that they are expected to predict treatment
effects on outcomes of clinical interest - mortality and end-stage renal disease (ESRD) in the case of diabetic
nephropathy studies. In terms of standards for accepting surrogate endpoints, there must be 1) a
pharmacologic or physiologic basis for thinking the biomarker is on the causal pathway; 2) observational
data showing a relationship between the biomarker and clinical outcomes of interest; and 3) data from
interventional trials showing that a treatment's effect on outcomes is predicted by its effect on the
biomarker. After positing blood pressure as a successful surrogate endpoint, she moved to diabetic
nephropathy, commenting on the complexity of deciding if creatinine levels can serve as a surrogate
endpoint. Dr. Thompson heavily emphasized that risk markers do not automatically become surrogate
endpoints, utilizing the examples of low hemoglobin and albuminuria. According to Dr. Thompson,
potential surrogate endpoints fail because the assumed relationship between the marker and clinical
outcome is wrong or the drug had unexpected adverse effects that minimize its benefit or resulted in harm.
Currently, using a surrogate endpoint in a trial may allow shorter trials and smaller numbers of patients,
but there is a post-marketing commitment to complete studies verifying the drugs' clinical benefit. She
additionally emphasized that using surrogate endpoints should mean that trials gather even more safety
data, because there is a lower tolerance for risk due to residual uncertainties on the validity of the surrogate
endpoints predictive ability on primary endpoints.

▪ Dr. Thompson presented blood pressure as a successful example of a surrogate
endpoint, referring to trials that demonstrated treatment effects on blood pressure
predict treatment effects on stroke incidence. The multiplicity of drugs and mechanisms
involved in these trials helped establish blood pressure as a surrogate endpoint by raising the
likelihood of it being on cardiovascular events' causal pathway.

▪ Although doubling of creatinine levels are linked to ESRD and death, it is unclear
whether lesser changes in creatinine and glomerular filtration rate (GFR) decline can
act as surrogate endpoints in diabetic nephropathy studies. Dr. Thompson noted that the
National Kidney Foundation and FDA are co-sponsoring a workshop in December 2012 to examine
the data supporting various levels of GFR decline as endpoints in clinical trials.

▪ Risk markers do not equal surrogate endpoints, as shown by the failure of
ameliorating low hemoglobin to improve cardiovascular mortality in the NHS,
CHOIR, and TREAT trials despite being an established risk factor for cardiovascular
events. Dr. Thompson drew an analogy to albuminuria, a clear marker of ESRD risk, which has
little data from intervention trials showing that treatment effects on albuminuria predict treatment
effects on renal outcome in people with diabetic nephropathy. Since the causal pathway of ESRD is
unclear, it will be difficult to establish that albuminuria is actually mediating the progression of
renal disease in nephropathy.

OXIDATIVE STRESS AND INFLAMMATION

Peter Chuang, MD (Mount Sinai School of Medicine, New York, NY)

Dr. Chuang reviewed the types of natural oxidants and antioxidants, emphasizing that oxidant stress occurs
when there is an imbalance of these molecules with an excess of reactive oxidants. After explaining the
variety of markers for oxidative stress (oxidative modification products, direct measurements, loss of
endogenous antioxidants), he demonstrated that in people with type 1 diabetes, products of oxidative
modification - malondialdehyde and protein carbonyl groups - were elevated compared to control, while the
antioxidants were reduced. Additionally, he noted that in a Joslin study (n=410) where participants with
type 1 and type 2 diabetes were followed for eight to ten years, significantly elevated levels of TNRF
predicted the development of end-stage renal disease. Utilizing Brownlee's Unified Mechanism of
Hyperglycemia Tissue Damage, he demonstrated that reactive oxidative species activate pro-inflammatory
pathways, and furthermore that inflammation is complicit in the pathogenesis of diabetes and diabetic
kidney disease through a variety of pathways. In people with type 2 diabetes, activation of the NFkB
receptor due to reactive oxygen species and accumulation of glycation end products leads to the activation
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of inflammatory pathways, making the pathway involving this receptor an important target for diabetic
kidney disease treatment. Other potential targets include growth factors and transcriptional pathways
involved in the inflammatory process underlying diabetic kidney disease.

Oral Sessions: Diabetic Dyslipidemia

FAVORABLE EFFECT OF INTENSIVE GLUCOSE LOWERING ON LIPOPROTEIN PARTICLE
PROFILES (48-OR)

Juraj Koska, MD, PhD (Phoenix VA Healthcare System, Phoenix, AZ)

Dr. Koska described the results of the Risk Factors, Atherosclerosis, and Clinical Events in Diabetes
(RACED) sub-study (n=262) of VADT regarding the effect of intensive glucose-lowering therapy (INT) on
standard plasma lipids and cholesterol content. The Vertical Auto Profile (VAP) test was used to measure
lipoprotein subclasses in plasma at baseline and nine months following randomization. Despite increasing
BMI, intensive glucose-lowering therapy reduced triglycerides and increased total HDL2 cholesterol. While
total LDL cholesterol did not change, LDL4 was substantially reduced from baseline, while LDL2 was
significantly increased. This effect of intensive glucose-lowering therapy on LDL2 and LDL4 was
independent of diabetes medications used (rosiglitazone or insulin). Thus, although intensive glucose-
lowering therapy lacked benefits on CV risk as reported in VADT, this therapy has been shown to have
favorable lipid profile effects.

Meet the Expert Sessions

LIPID MANAGEMENT AND VASCULAR COMPLICATIONS IN DIABETES - WHAT'S THE
EVIDENCE?

Henry N. Ginsberg, MD (Irving Institute for Clinical and Translational Research, New York,
NY)

Responding to a variety of questions about lipid management in type 1 and type 2 diabetes, Dr. Ginsberg
endorsed the wide use of statins among people with type 2 diabetes, saying that small-to-moderate
increases in average blood glucose were probably counteracted by statins' well-demonstrated CV benefits.
He indicated that LDL-lowering - whether by statins, diet, or bile acid sequestrants - seems to be the clearest
way to cause CV benefit. The evidence of benefit is murkier for lowering triglyceride levels and/or raising
HDL (especially given the recent negative results for Roche's HDL-raising drug dalcetrapib - Dr. Ginsberg's
opinion is that low HDL is a marker of CV risk, but not a particularly useful therapeutic target).

▪ In the midst of discussing the ambiguities and imperfections of various CV trials, Dr.
Ginsberg shared insight into the design of the ACCORD study (he was a researcher in
ACCORD Lipid). He said that the 6.0% A1c target for intensive control was not chosen because the
researchers thought it should be the glycemic target in the real world, but because they calculated
that to show benefit, they would need a 1.5% A1c difference from the standard control group (for
whom the A1c target was 7.5%, because the researchers thought that a higher target in the standard
control group would be unethical). We found this a fascinating insight into ACCORD and the
compromises involved in all study design, and we can't help wondering how the results might have
been different if ACCORD's enrollment had been large enough for the glycemic targets to be more
realistic.

Questions and Answers

Dr. Ginsberg: Here is a short preamble to start us thinking - probably just about every patient with type 2
diabetes ought to be on a statin. Maybe we can start with that.

Q: Can you talk about the potential risk of diabetes associated with statin use?

Dr. Ginsberg: Obviously I am not going to cause diabetes in my patients with diabetes. Will their glucose
control get worse? I don't know. The CARDS study suggests that A1c might have gone up, but they weren't
looking systematically. To date in these trials, data are derived from visits that occur maybe every three
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months initially, and every six months or every year as the study goes on - one question in the questionnaire
might be, do you have diabetes. If the patient says yes, I think it typically means they have A1c or glucose
above a certain point, not that they had a hyperosmolar coma or are very symptomatic (though I can't say this
with 100% certainty). This question will be addressed in Hot Topics in Lipids, a session that I think is on
Sunday afternoon.

If you look at people in these trials and classify by number of characteristics of metabolic syndrome, their
chance of diabetes goes up during those trials. If you have a patient with fasting glucose 115 mg/dl that you
are treating for elevated lipids and you put them on a statin, you need to follow glucose. Would I take them off
the stating if they got diabetes or went up a couple tenths on A1c? If I put them on statin because the data say
how beneficial statins are, I wouldn't take them off. As a lipid specialist, I probably deal with a lot more niacin
than others. In niacin research, people's fasting glucose went from 115 mg/dl to 175 mg/dl. I didn't have much
evidence that niacin was beneficial, and I have even less now with AIM HIGH. But with statins I think we have
established a good benefit/risk ratio in people with diabetes…. I haven't seen enough primary data to say this
absolutely, but I think that is the case. Even in the Niaspan and short-acting niacin studies about ten years ago
- if people with diabetes were in good control, they just modified their treatment regimen and A1c barely went
up.

It is a benefit-risk decision to make. For someone with diabetes that has clinically relevant CV disease, the
number needed to treat with statins is probably 20 to save one person. The risk of worsening / developing
diabetes might be in the few hundreds. Why is this happening? Hopefully we will find out. There was fairly
substantial literature in 1990s and 2000s that looked at whether statins might be insulin sensitizers - the
thought was that since they are good for CVD they must be good for diabetes, too. Those studies were
essentially a wash, considering publication bias.

Q: Could you talk about treating people with triglycerides over 1000 mg/dl?

Dr. Ginsberg: Those people are unusual, and TGs that high are more common among people with diabetes. If
you look at the distribution of triglyceride levels, the 90 percentile in the non-diabetic population isth

probably a little over 200 mg/dl, whereas among people with diabetes, 200 mg/dl that is probably only the
80 percentile or even lower. In ACCORD Lipid, the cutpoint for the upper tertile of TG was 204 mg/dlth

(though we had enriched the study for high TG). When you look at people with extremely high TG levels, you
start to see genetic associations. Robert Hegele has studied roughly 600 people who have had TG over 1,000
at some point; he has come up with roughly 20 alleles, including the gene for angiopoietin, but there is not
enough sensitivity to use these diagnostically.

If someone's diabetes is out of control - even A1c 9.0% or above - the lipid drugs usually don't work that well,
so you really need to get better glucose control. As for lipid drugs that work relatively well - omega-3 at least 3
or 4 mg / day; I use the concentrated prescription version because the OTC version usually has a lot of
inactive ingredients in the pills, so you have to take a lot of them. Fibrates also work in those people. Is one
better than the other? I don't think so - both lower TG around 35-40%. Atorvastatin has been shown to give a
40% reduction in those with TG 600 mg/dl or above. Most statins give similar results but I wouldn't use them
first line.

Obviously you have to make sure people are not using alcohol; that will clearly make them worse. The
immediate cure is a fast - they plummet their TG. Even those not obese will respond to caloric restriction.

The risk with high TG is pancreatitis. Though if you use the evidence-grading criteria, what is evidence for
pancreatitis and TG? Probably a B or a C - there has never been a trial and there can't be; the frequency and
incidence is very low. Some people walk around with TG of 2,000-to-3,000 mg/dl and never get pancreatitis,
while others get pancreatitis at 800 mg/dl.

To sum up, I think the factors to consider are calories, alcohol, fish oil, fibrates, and maybe statins.

Q: Fibrates are not very potent. Many companies have made efforts to come up with more
potent PPAR-alpha agonists. Any thought on this?
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Dr. Ginsberg: Some PPAR-alpha candidates were in development that, as seen in a ligand-binding assay, were
orders of magnitude more potent than the ones we have. But they didn't do much more for TG, and
sometimes they caused severe myositis. I think the reason we don't see myositis much with the fibrates we
have is that they are low in affinity. If you take potent PPAR-alpha, a little bit of off-target exposure can be
bad. Aleglitazar is still in development. One company is targeting creatinine and homocysteine, which go up
with fenofibrate and less with gemfibrozil. Estimated GFR went from 90 to 60 in a couple hundred people we
followed, because creatinine went up more than 20% in the trial. But within six weeks of cessation, the
estimated GFR and creatinine came back to where the placebo group was. The increase in homocysteine
seems reversible too; we have funding to study this. If creatinine and homocysteine up in a trial, is that bad?
We see no adverse signal among those whose creatinine went up more than 20% vs. everyone else, though it
was a negative trial overall.

Q: What is the evidence that triglycerides are an independent risk factor for microvascular
and macrovascular complications?

Dr. Ginsberg: Studies going back 40 years have associated TG levels with retinopathy, especially fluffy
exudates. Probably the most positive thing out of ACCORD Lipid was that we showed a reduction in
retinopathy risk as shown by photos. There is no indication, nor did the companies ever file for an indication,
for fibrates in retinopathy. But in both FIELD, of fibrate monotherapy, and our study [ACCORD Lipid], of
fibrates on statin background, there was roughly 40% reduction in progression by photographs. We haven't
looked at kidneys in ACCORD Lipid; the use of fenofibrate was associated with decreased micro- and
macroalbuminuria in FIELD.

The evidence that TG are independent predictors of macrovascular disease has been controversial for a long
time. When you look at plaque in humans, you see cholesterol. But in animal studies, we've seen that TG gets
into foam cells, and then fatty acids leave but cholesterol remains in the plaques. Why isn't TG considered
more of a target? It tends to be inversely related to HDL, and when you do a study HDL always 'wins' [Editor's
note: i.e., has a stronger association with outcomes]. Most recently in JAMA, in a mega-meta-analysis by John
Danesh and his group, TG was a predictor of adverse events. The association remained, albeit weakened, even
when HDL was put into the equation. Including non-HDL cholesterol wiped out the significance of TG, but
non-HDL is essentially TG. Now that we are having second and third thoughts about what HDL means, some
people are saying that maybe a lowering of HDL just means apoB or TG increased.

The trials that have been done, where TG was changed, often changed LDL and/or HDL as well. Most major
studies of fibrates for triglyceride lowering have been negative, but post-hoc subgroup analyses suggest
benefit in those with high TG to start. In ACCORD Lipid we prespecified an analysis, but this was still just a
subgroup analysis. If everyone in your study had TG of at least 175 and HDL in the mid-30s or below, I think
we'd have a positive trial, but we would have to run it to know for certain. I have never used fibrates for people
with TG in the mid-100s, even if they have low HDL, because the efficacy is not that good. I do use it in the
upper-TG/lower-HDL tertile group where benefit is suggested.

Q: Given the negative result for niacin in AIM HIGH, what are we left with when patients are
on high doses of atorvastatin, but their non-HDL cholesterol is not at goal? What is the next-
best drug to add to a statin in type 2 diabetes - Zetia? A bile acid sequestrant?

Dr. Ginsberg: I would say that for someone with LDL of 80 mg/dl, TG of 250 mg/dl, and HDL 32 mg/dl, the
evidence base suggests that gemfibrozil is the only drug we have that's been positive. With this there is risk of
myositis and fear of rhabdomyolisis - the absolute risk is still low with gemfibrozil, but is at least tenfold
higher than with fenofibrate.

Niacin trial was very disappointing. Why? A lot of speakers that invest greatly in niacin or in HDL say the
investigators were stupid because there were not enough subjects - the researchers expected a 25% differential
in HDL and never got close, and that's why the results were negative; the researchers were criticized because
it was only a 3,000-person study. But it was not the investigators' fault that there was no more money; they
were constrained in trial design.
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A quick aside - in ACCORD; it wasn't that we thought the A1c target should be <6.0%; no one thought that's
what we were trying to do. Rather, we needed a 1.5% difference from the standard group, and we thought 7.5%
was as high as we could put their target while still being ethical.

In niacin's case - there was a 15%-or-so bigger rise in HDL than with control, but they got a zero-percent
benefit. Possibly the study was just underpowered. Note that the LDL differential was only about 5 mg/dl,
from around 67-68 mg/dl to around 63 mg/dl. The investigators wanted an HDL trial without an LDL
differential, even though niacin also has LDL benefits. So the placebo group had higher rates of ezetimibe and
statin use in order to get LDL to similar levels. (There were still a lot of CV events, though, despite the LDL
control.) Why was the study negative? I don't know.

The most recent negative trial was that for dalcetrapib - the study was stopped for futility. You have to wonder
whether changing HDL will be valuable no matter how you do it. So if TG is high, HDL is low, and LDL is 80
mg/dl, the best evidence is probably to lower LDL to 60 mg/dl. 60 mg/dl was better than 100 mg/dl in
JUPITER, and 70 mg/dl dl was better than 100 mg/dl in several studies. The ongoing IMPROVE IT study is
comparing between high-60s and low-50s - if that turns out to be positive, I might even say to take LDL down
close to 50. Barring that, you could take a leap of faith and try to lower TG and raise HDL, but we have no
evidence. The Heart Protection 2 THRIVE study is looking at 25,000 people - over eightfold more than in
AIM HIGH - to compare niacin/simvastatin vs. simvastatin alone. We'll see if those results, still a couple years
away, are positive.

HYPERGLYCEMIA AND HYPERINSULINEMIA AS RISK FACTORS FOR DEVELOPMENT OF
CARDIOVASCULAR DISEASE IN DIABETES

Knut Borch-Johnsen, MD, PhD (University of Southern Denmark, Odese, Denmark)

Dr. Borch-Johnsen began with a question for the audience. Does the treatment for hyperglycemia lead to
cardiovascular disease? And does it depend on whether that treatment includes only non-insulin therapies
or insulin? The audience's mixed response set the stage for discussion. Dr. Borch-Johnsen explained that
past studies have shown conflicting results regarding the association between insulin level and probability
of cardiovascular disease. The association between increasing A1c levels and increased cardiovascular
disease risk, however, has been well established. The key, he reminded the audience, was whether treatment
of hyperglycemia leads to increased risk for patients. While data from the ACCORD and ADVANCE studies
have reported that patients in intensive care groups have greater overall mortality, he did not find this
association in recent data from the ADDITION study. Dr. Borch-Johnsen believes that the consistent finding
of past studies relating intensive care treatment with increased patient risk can potentially be attributed to
confounding by indication - where patients taking insulin do not have the same disease profile as patients
treated by diet alone or oral hypoglycemic agents. He concluded with his stated intent to raise concern over
whether we are over interpreting the data we have regarding insulin treatment and patient risk.

▪ There is conflicting data relating insulin levels to the probability of cardiovascular
disease. Dr. Borch-Johnsen explained that studies following patients over only a few years have
found an increasing risk with increasing levels of insulin. However, in studies going beyond 10 years
of follow up, Dr. Borch-Johnsen noted that the association disappears (this includes populations
with diabetes). In contrast, a plethora of studies have confirmed the association between increasing
hyperglycemia and increased risk for cardiovascular disease.

▪ Dr. Borch-Johnsen reminded the audience that the key question was whether
treatment of hyperglycemia leads to increased cardiovascular disease. This is an
important question, since the contentious p value (p=o.052) in UKPDS showed a 17% risk reduction
for cardiovascular disease in the intensive care group. Dr. Borch-Johnsen shared with the audience
what his biostatistics professor once told him: "You have to be medically qualified to tell the
difference between a p-value of 0.049 and 0.052." Regarding this study, Dr. Borch-Johnsen made
the important qualification that he did not consider the UKPDS study to be an intensive care study.
He described it as an insulin study where the targets reached in the study were far from those we
strive for today.
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▪ Unlike ACCORD and ADVANCE, results from the ADDITION study do not indicate a
difference in overall mortality between people with diabetes treated conventionally or
intensively. The ADDITION study screened for people with previously undiagnosed type 2
diabetes and randomized patients (n=3,000) to receive either standard care as recommended by
local health authorities, or an intensive care regimen that included lowering blood pressure, lipid
levels, and an A1c below 7%. In this study, Dr. Borch-Johnsen found no sign of differing overall
mortality between the two groups, begging his question of why studies are consistently showing
higher mortality in patients on insulin therapy compared to those on diet alone or other
hypoglycemic agents.

▪ Dr. Borch-Johnsen hypothesized that confounding by indication can explain why
studies have consistently shown higher mortality in groups treated with insulin vs.
groups treated with diet or oral hypoglycemic agents. He explained what might happen
when a patient comes in with diabetes. First, the patient is instructed to change his diet. If the
patient reaches his target on diet alone, treatment does not change. If diet does not work, oral
hypoglycemic agents are prescribed. Again, if the patient reached his target, treatment would remain
as such. If oral hypoglycemic agents do not work, then insulin is prescribed. This means we are not
comparing identical groups - the insulin treated group could not reach goal by any other means and
are thus likely to have more advanced diabetes than those on diet or orals alone. This, said Dr.
Borch-Johnsen, is confounding by indication. He remarked that only an appropriate clinical trial
comparing diet, oral hypoglycemic agents, and insulin therapy could assess the comparative risk
between insulin therapy and cardiovascular disease or mortality risk. However, such a trial would be
unlikely given ethical considerations.

▪ Dr. Borch-Johnsen concluded with his own take - the literature is convincing, but he is
not personally convinced. While he said he could not give a definite answer that insulin is or is
not increasing a patient's risk, he did want to raise concern that we may be over interpreting some of
the data we have.

Questions and Answers

Q: The initiation of insulin therapy is occurring earlier in some settings. A patient may go
straight from metformin to insulin for example. Does that put another spin on what you were
explaining?

A: It may give us some additional insight on whether insulin puts individuals at a greater risk or not. Going
back to data from ADDITION, if we start patients earlier on insulin, we are on a much safer ground primarily
because patients have a lower risk of cardiovascular disease at this point. We still have concern about patients
with past cardiovascular disease or arrhythmias and lowering glucose levels too far.

Q: Can you separate insulin resistance from hyperinsulinemia?

A: It's tough, because it is rarely done. Insulin is measured at baseline and in a fasting state, and that is used
as a proxy for insulin resistance. It doesn't say if it is peripheral or hepatic or to what extent it is true insulin
resistance. To be frank, we don't know that much about insulin resistance per se because the studies we are
doing only give limited insight.

Q: If you had two patients - one patient with type 2 diabetes receiving 120 insulin units and an
A1c of 7%, and one patient receiving just 50 units of insulin and an A1c of 8% - which would you
prefer to treat from a cardiovascular perspective?

A: I would not be able to say without the patient histories. If I knew of a strong family history of
cardiovascular disease or current cardiovascular disease risk in the patient, I would be reluctant to increase
insulin levels. But if the patient is young and stands to live with the disease for 30-40 yrs - as most people
with type 2 diabetes in the future will - I would carefully weigh the risk of microvascular complications. An
increase in A1c from 7% to 8% corresponds to 40% increase risk in retinopathy. It would do the patient a lot of
good to get his A1c down.
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Q: In intensively insulin treated patients, what do you think the role of hypoglycemia is as far
as cardiovascular incidents are concerned?

A: Hypoglycemia may explain cardiovascular disease deaths on intensive treatment. But again, we are in deep
trouble here. Once we find the patient, and the patient has died, there is no way to find out what glucose level
the patient had when he died. We assume in the absence of other explanations, that the patient could have
died from a hypoglycemic event. If you try to lower glucose levels in patients with cardiovascular disease, you
introduce electrophysiological changes that could lead to cardiovascular events. You have to be careful.

Q: Do you believe new drugs like GLP-1 analogs will reduce the amount of insulin we use to
treat patients with obesity?

A: Five to 10 years ago, I would have said we would use insulin to bring their blood glucose level down as far
as possible. Today we have alternatives that can lead to a much lower risk of inducing hypoglycemia. So for
severely obese patients, some other kind of treatment would be used. My only concern is that when we
introduce a new drug, we may be running a risk because we don't know the long-term consequences. It was
only after 90 years of experience with insulin that we began to question whether it was associated with
increased cancer risk.

Q: What is the role of SFU's in the future given their limited sustainability in their effect and
possible association with cardiovascular disease according to ADVANCE?

A: Most clinicians and most writing guidelines are increasingly having concerns about the role of SFU's in the
future. Our problem has been that we had a limited number of other possibilities, but that is rapidly changing.
We don't have sufficient long-term data on new drugs. But if they end up proving true to their promise, my
clear assumption would be a change in the partition of the drugs in the future. Newer drugs would take a
higher position.

MICROVASCULAR COMPLICATIONS

Timothy S. Kern, PhD (Case Western Reserve University, Cleveland, OH) and George L. King,
MD (Joslin Diabetes Center, Boston, MA)

Drs. Kern and King eschewed a presentation entirely, offering a two-sentence talk - which really must be
some sort of record - that simply defined microvascular complications of diabetes: neuropathy in the
nerves, retinopathy in the eyes, and nephropathy in the kidneys. He then threw the entire remainder of the
session open to a freewheeling question and answer session. The most important questions pertaining to
each of the three major types of complication are included below.

Questions and Answers

Q: What is the current evidence for drugs to reverse retinopathy and is there any evidence for
drugs to reverse neuropathy?

Dr. Kern: To the best of my knowledge, only one study claimed reversal of retinopathy. Dr. Mauer did a
kidney-pancreas transplant and over 15 years of normal glycemia claimed reversal of retinopathy. In terms of
other clinical studies and certainly all the animal studies, you can inhibit progression, but not really say there
is a real reversal. No one has claimed that with the exception of this paper. With neuropathy there is
considerably more data but it's more ambiguous.

Dr. King: For reversibility, the best data is in the kidney. Certainly Mike Mauer's pancreatic transplant as well
as Andre Koleski and Bruce Perkins's New England Journal paper in 2002, if you follow 600-something type
1 diabetic patients with microalbuminuria, you check results six years later and a third of them don't have
microalbuminuria anymore - eGFR hasn't really decreased. This suggests there is reversibility.

Q: Are there differences in microvascular pathology and different medicines that are affected
in kidneys vs. the nerves?

Dr. Kern: Are there structurally different, morphological differences? I guess the one that's most common in
the retina is the capillary degeneration that occurs. That's been found in skeletal muscle but not identified
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anywhere else. What seems to account for most capillary degeneration, or at least obliteration, is retinal
vessels are surrounded by glial cells unlike any other tissues. If you degeneral stain, they actually maintain
normal diameter. That seems strange for a blood vessel that's no longer functioning. If you stain for glial cells,
it's got processes running right down the blood vessel. That seems to stop degeneration of the blood vessel.
Whether that causes or is the result of degeneration, to the best of my knowledge nobody knows. For the
kidney, there doesn't seem to be as much. There's some thickening that seems to happen anywhere, but the
degeneration of the gliaral musculature doesn't seem to happen anywhere like the retina. With regard to
nerve, there have been papers reporting vascular density in the nerve but nobody has ever shown whether
that's a mathematical thing or real structural damage going on.

Dr. King: But I think it's a very important question that you asked. I think structurally Tim has said, but
responses of the microvascular to diabetes or hypoglycemia seem to be quite different. So in the kidney, for
example, you have increased VEGF production, while in the retina you have decreased production. You could
say there's hypoxia in all these, why is there a difference? So that makes treatment quite difficult. Because in
the retina you're using an anti-VEGF inhibitor for late stage diabetic retinopathy, but how are you going to do
that systemically? In the kidney now there's controversy whether the VEGF increase is bad or good. There's
50/50 split over whether VEGF is important for kidney or glmerular structure. VEGF treatment may be bad
for nephropathy.

Q: I was just wondering about the kidney. Is there any conclusive evidence suggesting
hyperfiltration has implications for late stage retina damage?

Dr. King: Hyperfiltration clearly occurs when there's poor glycemic control whether it's in humans or animals.
That happens in probably 100% of patients. Only 30 to 40 percent of people have decreased GFR. So the
argument then is do you have to go through hyperfiltration stage to develop decreased GFR? Obviously, not
everyone will have hyperfiltration-related complications. So the one side is, "All decreased GFR have
hyperfiltration." The other camp says these aren't related because everyone has hyperfiltration. So here, some
of the new thinking is to break this logjam - it's possible that hyperfiltration itself could cause issues, but it's
also possible that that will induce the body to have counterregulatory defenses. So it's possible that in those
people who reverse, those people could have their body's own mechanism that kicks in and reduces damage
once hyperglycemia has caused the initial effects. You have toxic effects, dodging effects, defensive effects.
That's the reason we've been looking at this, and I've been looking at diabetes complication methods for at
least 25 years. We have to admit it's a terrible failure. We don't have a single drug on the toxic side that's
clinically approved. Even ACE-B inhibitor doesn't change pathology in the kidney all that much. There's
nothing other than anti-VEGF, but that isn't anti-hyperglycemia's toxic effects.

Q: Coming back to retinopathy, is there a molecular mechanism involved in vascular
regression?

Dr. Kern: So early on in the background of non-clinically important stages of diabetic retinopathy, individual
blood vessels die here or there. It's not arterial disease like hypertension where you have everything
downstream of arterial occlusion, it's just blood vessels here or there. The simple way to look at this is that
these are individual insults to vasculature, and over time it can't repair itself. Some thought that white blood
cells along with capillaries might contribute to this subclinical event - 24 hours it goes way and doesn't come
back, but it's never been proven. But in animals, if you block white blood cells' interaction with endocapillary
cells, the capillary doesn't die. So there's a lot of evidence showing if you block this pathway, you can stop
degeneration. In my opinion, this concept of degeneration is what best explains loss of some capillaries. Over
time as they become larger and larger they begin to group together into a clinical event, and hypoxia starts.
There are probably 15 or 20 animal studies showing these can be blocked using a variety of different
pathological approaches. The simplest way to group them together is thinking in terms of inflammation.

THE DIABETIC FOOT - A MARRIAGE OF TEAM, TECHNOLOGY, AND TENACITY

David G. Armstrong, MD, PhD (University of Arizona, Tucson, AZ)

Dr. Armstrong gave an enthusiastic talk about general treatment of the diabetic foot. The talk began by
referencing the comprehensive information about the diabetic foot available at diabeticfootonline.com and
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@dgarmstrong. He emphasized the importance of screening patients with diabetes for neuropathy, or, as he
calls it, loss of protective sensation (LOPS). He noted that his favorite tool for this is the monofilament, but
also highlighted the ease and aptitude of the Ipswich "touch test" (a simplified approach where the first,
third, and fifth toe are touched - this has been lauded for its simplicity and low cost, even perhaps above
monofilaments). Dr. Armstrong explained the dichotomous branches of the ADA's risk score index for
podiatric diabetes complications (0-3), noting that previous history of amputations and/or ulcers easily
place a patient into the highest risk category (3). A number of questions were asked about the logistics of
maintaining effective facilities for treating the diabetic foot, the most insightful of the answers pointed to the
importance of individual HCPs aiming to avoid amputation. Dr. Armstrong explained that the mindset of
the HCPs at any given hospital was a very important factor in the ratio of above-the-foot to below-the-foot
amputations (a higher ratio is better). This is because some HCPs view, for example, a diabetic foot ulcer as
only the beginning of a number of problems and jump to amputate, while others strive to save it in the hope
that the foot will survive to be effectively utilized by its appreciative owner.

DIABETES DISTRESS AND DEPRESSION - UNANSWERED QUESTIONS AND PERSISTENT
CLINICAL CHALLENGES

Lawrence Fisher, PhD (University of California San Francisco, San Francisco, CA)

This presentation covered diabetes distress and its negative implications. Feelings like stress and anxiety
resulting from diabetes management contribute to diabetes distress. These feelings are not to be confused
with those associated with major depression, which can carry a negative connotation. Healthcare providers
often feel as if they do not have adequate time or training to deal with diabetes distress. However, Dr. Fisher
asserted that it is crucial to acknowledge, normalize, and accept diabetes distress because improved
glycemic control and diabetes management will result.

▪ Preventing diabetes distress is critical for improved glycemic control and diabetes
management. The REDEEM Trial conducted by Dr. Fisher (whose results were presented in
another session) tracked stress levels and mood in conjunction with blood glucose levels. The trial
found that people who indicated increased levels of stress during the day would experience
heightened fasting blood glucose levels. These levels remained abnormally high for most of the day.
The trial also found that A1c could not predict distress, and distress could not predict A1c. However,
A1c and distress co-varied. That is, an increase in one would result in an increase in the other.

Symposium: Occurrence of Chronic Complications of Childhood Diabetes in the 21st Century

PREDICTION AND PREVENTION OF DIABETIC NEPHROPATHY - UPDATES ON ADDIT AND
MORE

David Dunger, MD, PhD (University of Cambridge, Cambridge, United Kingdom)

Dr. Dunger began the pediatric-focused symposium with a discussion of microalbuminuria, the leading
indicator of diabetic nephropathy and a cardiovascular risk factor. Dr. Dunger highlighted the impact of
renal dysfunction, noting that 10-19 years after diagnosis, renal causes of mortality are the leading cause of
mortality, and 20 years after diagnosis, cardiovascular disease is the major cause. He reviewed the Oxford
Regional Prospective Study (n=560), which showed 12.8% of the adolescents with type 1 diabetes developed
microalbuminuria, and both persistent and intermittent microalbuminuria were predictors of developing
macroalbuminuria. Utilizing this study, Dr. Dunger demonstrated that puberty has a significant effect on
the development of microalbuminuria, as there is a low incidence in those diagnosed young (<11) until
puberty, when all the cases emerge rapidly, compared to the generally increasing incidence with longer
diabetes duration seen in those diagnosed after 11 years old. Finally, Dr. Dunger described the setup of the
Adolescent Type 1 Diabetes Cardio-Renal Intervention Trial (AdDIT), a large, multi-national intervention
study currently underway examining the effect of ACE inhibitors and statins in adolescents with type 1
diabetes and high albumin excretion. Although pediatricians rarely deal with renal complications, they
begin developing during adolescence and therefore, Dr. Dunger believes the results of AdDIT will help
elucidate whether statins and ACE inhibitors will mediate the risk of developing persistent
microalbuminuria.
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▪ The Oxford Regional Prospective Study followed children who developed type 1
diabetes before the age of 16 to assess albumin excretion. After a mean follow up of 10.3
years, about 12.8% had developed microalbuminuria, separated into persistent (48%), intermittent
(13%), and transient (39%). Both persistent and intermittent microalbuminuria were predictors of
developing macroalbuminuria (22% and 24%, respectively), and Dr. Dunger emphasized that
practitioners should keep this in mind when addressing any indicators of microalbuminuria in
youth.

▪ The incidence of microalbuminuria depends on glycemic control, diabetes duration,
sex, and puberty. In addition to the rapid emergence of microalbuminuria in pubescent
adolescents with type 1 diabetes diagnosed as children, deterioration in glomerular filtration
deterioration and raised cholesterol and triglyceride levels escalate at 16 years of age. Dr. Dunger
also noted that an undetermined peculiarity raises the cumulative prevalence of microalbuminuria
in females compared to males - a switch from later onset type 1 diabetes patients.

▪ In AdDIT, a double-blind, placebo-controlled, parallel group study (n=900),
adolescents (ages 11-15 years) with type 1 diabetes are separated into tertiles of
albumin excretion phenotypes based on two sets of three early morning urine
samples. The 500 participants chosen from the highest tertile are further separated in a two by two
factorial design: statin and ACE inhibitor, statin and placebo, ACE inhibitor and placebo, or placebo
and placebo. Participants have follow ups every six months over three to four years, followed by a
six-month run out, and a long-term follow-up. In the parallel group, 400 participants from the lower
tertile will be assessed at four years. The study aims to determine whether ACE inhibitors, statins, or
a combination will reduce albumin excretion, reduce CVD risk, and be well tolerated in participants
with high risk for renal decline.

Questions and Answers

Q: How are you going to be monitoring adherence to study medications?

A: We use the track caps to tell when the participants opened the bottle, including time and date. We are
doing it very openly, really to help the kids by showing them the records and working with them to figure out
why they are not taking it a certain day, if we see a pattern.

Q: Similarly, are you keeping track of adherence to diabetes management?

A: Yes, we will be keeping track of A1c, and they all practice intensive therapy.

Q: The excess of microalbuminuria in females struck me, and I have also, in more recent
years, seen exactly the same analyses. We no longer see the male excess of microalbuminuria
seen in later onset type 1 diabetes patients. Do you have any ideas why?

A: It doesn't explain the difference in microalbuminuria between the sexes, but we know there are differences
in free testosterone levels between the girls who develop microalbuminuria and those who don't. It could be
hormonal changes related to puberty.

ARE THERE MARKERS OF MACROVASCULAR COMPLICATIONS IN PEDIATRIC DIABETES?

Paul Wadwa, MD (University of Colorado, Aurora, CO)

Dr. Wadwa reviewed several non-invasive measures of cardiac and vascular changes, beginning with flow
mediated dilation (FMD) and peripheral arterial tonometry (PAT), measures of endothelial change. Dr.
Wadwa highlighted studies showing decreased FMD in adolescents with type 2 diabetes and reduced
endothelial function (measured using PAT) in male adolescents with type 1 diabetes compared to control. He
then reviewed carotid intimal-medial thickness testing, which utilizes established ultrasound methodology,
and noted that preliminary data from a subset of the SEARCH CVD study shows a significant difference in
internal carotid intimal-medial thickness between control adolescents (0.5 mm, n=35) and adolescents with
type 1 diabetes (0.56 mm, n=127). Dr. Wadwa then noted increased arterial stiffness is associated with
cardiovascular disease, and comparing data from the SEARCH CVD study (mean age of 19) and Barbara
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Davis cohort (mean age of 15), he demonstrated a significant difference in arterial stiffness between type 1
diabetes and control adolescents at 19 years of age but not 15 years of age, despite similar diabetes
duration. Moving to coronary artery calcification (CAC), he emphasized that the CACTI study (n=1,420)
showed a 3.5 fold increased risk for presence of CAC in participants with type 1 diabetes (mean age of 37)
versus control, though the proportion of type 1 diabetes participants with CAC dropped in the 20-29 year
old range (25% males, 12% females) and 17-20 year old range (11%). This indicates that this measure may
be less important in pediatric care. Although he emphasized the limited longitudinal data, he noted that
these non-invasive measures have provided evidence of early atherosclerotic changes, indicating a need for
screening and treatment of modifiable risk factors in youth with diabetes to decrease lifetime risk for
cardiovascular disease. Dr. Wadwa closed with a reminder that further work is needed to standardize the
surrogate measures to allow clinical use.

Questions and Answers

Q: You talked about the SEARCH CV study and the Barbara Davis cohort, I'm curious - is there
a strong interaction with age to manifest these complications? Also, can you go back into that
pre-pubertal young group and see what glycemic control was like?

A: We have looked at pubertal staging, and it would be interesting to look at pre-pubertal duration and the
correlation between that and cardiovascular risk.

Q: Do you have any data on the effects of treatment with statins or AEC inhibitors after
utilizing these indicators?

A: Although there are some studies, the rate of treatment is so low in the pediatric cohort that it is unlikely the
data can be drawn together to say anything significant at this point.

Q: Is there any variability in the glucose levels at the time of the measurement, and would that
effect these non-invasive measurements?

A: You're measuring structural changes over a long period of time, so you're less likely to get an effect from a
transient change in glucose level.

EYE DISEASE IN PEDIATRIC TYPE 1 AND TYPE 2 DIABETES

Jennifer Sun, MD (Joslin Diabetes Center, Boston, MA)

Dr. Sun delivered a comprehensive presentation regarding the development, diagnosis, and treatment of
diabetic retinopathy in young people. She stated that the increasing rates of diabetes worldwide, especially
among children, may lead to correspondingly higher rates of young people at risk for vision loss from
diabetic retinopathy (DR) and diabetic macular edema (DME). Routine follow-up according to established
guidelines is crucial given the potential lack of visual symptoms. Modifiable risk factors in young people
include glycemic control, hypertension, lipid status, and potentially BMI. Although effective treatments are
available for DR and DME, Dr. Sun was careful to note that safety for many of those options has not yet
been established in the pediatric population.

▪ Each year, more than 15,000 young people are diagnosed with diabetes, and diabetic
retinopathy is the most commonly observed complication. The SEARCH for Diabetes in
Youth study found that in 222 youth with type 1 diabetes and 43 with type 2 diabetes, the risk-
adjusted prevalence of diabetic retinopathy was 17% for type 1 diabetes and 42% for type 2 diabetes
(p=0.40), statistically insignificant yet clinically significant values.

▪ There is an increasing spectrum of diabetic retinopathy (DR) with early non-
proliferative stages, but diabetic macular edema (DME) can develop with any level of
DR. DME, a common cause of moderate vision loss, is characterized by lipid deposits that form
around areas of retinal thickening. Though various risk factors have been assessed, Dr. Sun believes
that glycemic control remains the best method of DR prevention. Tight blood pressure and lipid
control have also been associated with reductions in DR severity. According to a study conducted by
the Joslin Diabetes Center titled, "Retrospective effect of BMI Percentile on Risk of Diabetic
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Retinopathy in a Pediatric Population," lower BMI percentile and lower A1c values were associated
with less severe DR (n=461, <19 years of age, baseline mean A1c: 8.5%).

▪ Various surgical and non-surgical treatment options for diabetic eye disease in
patients exist, but have not yet been evaluated to a great extent in children. Dr. Sun
reviewed laser photocoagulation, intravitreal anti-VEGF agents, intavitreal steroids and invasive
surgery, all of which were associated with improved vision. Dr. Sun was particularly concerned
about popular anti-VEGF agents, as VEGF is important in blood vessel development and
maintenance in children.

Questions and Answers

Q: You made a list of treatable risk factors, but could you comment on the contribution of
smoking?

A: This is an interesting question, because in general the studies that have been done haven't shown a huge
association of smoking with diabetic retinopathy progression. Early studies suggest that smoking protects
slightly against diabetic retinopathy, but of course we wouldn't emphasize that with our patients. So, as health
care providers, we encourage people not to smoke because it's better for systemic health overall, but there is
not a large correlation of smoking with diabetic retinopathy.

NOVEL MARKERS OF GLYCEMIC CONTROL AND COMPLICATIONS IN PEDIATRIC
DIABETES?

Andrew Paterson, MD, ChB (Hospital for Sick Children, Toronto, Canada)

Dr. Paterson investigated a genetic model of diabetes suggesting that particular single nucleotide
polymorphisms (SNPs) in genes affect established risk factors for diabetes (e.g. A1c, blood pressure, BMI),
which in turn, contribute to complications. By investigating 1,304 individuals under the age of 19 in the
DCCT/EDIC trial, 57,400 A1c measures over 3-9 years and 841,000 SNPs, Dr. Paterson identified four SNPs
(most notably rs1358030) as statistically significantly associated with higher A1c values. Though Dr.
Paterson identified a potential loci for glycemia in type 1 diabetes, he admitted that his study had no
immediate clinical implications, though it may provide insight into understanding the mechanisms that
allow different individuals to respond differently to different medications.

Questions and Answers

Q: I know you said that there are no clinical implications, but how soon might we see some
people being screened for needing to control their blood sugar, based on genetic information?

A: I doubt providing information of a single loci would provide any information. Perhaps if there is an
interaction between multiple loci, we might have things to screen.

Q: The speculation might be that if SNPs had an effect on metabolism, those might not affect
glucose, but instead those areas that interact with glucose control. Any thoughts?

A: It's completely up in the air where these genetic loci are having their effects on glycemia - maybe they are
influencing behavior through effects on the brain. There's no data to address that, I'm afraid.

Q: Could this SNP be having an effect on the rate of glycosylation of hemoglobin and other
proteins that might contribute to complications?

A: If that was the case, would SNPs be associated with glucose levels?

Q: That, I don't know. The association with glucose levels seems different from the
relationship with A1c.

A. We have to remember that there is a lot of missing data, and it's not missing at random, it's seven time
points, one day out of three months, so it's no surprise that the association with glucose is much less
significant than with A1c.
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Symposium: Clinical Aspects of Hypoglycemia in Diabetes - Consequences and Prevention

HYPOGLYCEMIA AND CARDIOVASCULAR RISKS

Simon Heller, MB, DM (University of Sheffield, Sheffield, United Kingdom)

Dr. Heller began his presentation by noting hypoglycemia as the main barrier to preventing patients from
reaching desirable glucose targets. He reminded the audience of the consistent finding across intensive
therapy trials (VADT, ACCORD, and ADVACE) that hypoglycemia was a strong predictor of mortality. Dr.
Heller proposed four mechanisms by which hypoglycemia could be contributing to cardiac arrhythmias and
sudden cardiac death: 1) increased thrombotic tendency and decreased thrombolysis; 2) cardiac
arrhythmias due to abnormal cardiac repolarization; 3) increase in low grade inflammation; and 4)
cardiovascular changes induced by catecholamines. He pointed to new data from the laboratory of Chow et
al. and ongoing data collection from ambulatory studies indicating a relationship between hypoglycemia
and both vagal tone (as measured by RMSSD) and incidence of cardiac arrhythmias, respectively. In his
view, the evidence suggests hypoglycemia can increase both morbidity and mortality, most notably by
causing sudden death during hypoglycemic events. Dr. Heller remained hopeful that with better
understanding, better treatment will follow suit.

▪ Dr. Heller marked hypoglycemia as the main barrier to preventing patients from
reaching desirable glucose targets. He explained that hypoglycemia causes problems for
patients in a number of ways: 1) seizures; 2) cognitive dysfunction; 3) accidents; 4) fear; and 5)
quality of life.

▪ In all three trials of intensive therapy - VADT, ACCORD, and ADVANCE - severe
hypoglycemia predicted mortality. In VADT, history of severe hypoglycemia within 90 days
was the strongest independent predictor of mortality. In ACCORD, severe hypoglycemia was
associated with increased mortality to a greater extent than in the standard care group. In
ADVANCE, severe hypoglycemia was associated with increased mortality at a mean of 1.05 years.
Dr. Heller noted that severe hypoglycemia was strongly associated with increased risk for a range of
adverse clinical outcomes, but that severe hypoglycemia could be either contributing to these
outcomes or serving as a marker for these outcomes.

▪ Dr. Heller highlighted that the important question was whether hypoglycemia can
stimulate the cascade from cardiac risk factors to arrhythmia and sudden cardiac
death. He proposed four highly plausible mechanisms: 1) increased thrombotic tendency and
decreased thrombolysis; 2) cardiac arrhythmias due to abnormal cardiac repolarization; 3) increase
in low grade inflammation; and 4) cardiovascular changed induced by catecholamines including
increased heart rate, silent myocardial ischemia, and angina and myocardial infarction.

▪ According to unpublished data by Chow et al., hypoglycemia confers clot resistance to
lysis when compared to patients with euglycemia. In patients with type 2 diabetes, while
platelet aggregation is increased compared to baseline in patients 150 minutes after a hypoglycemic
event, seven days after a hypoglycemic event there appeared to be no difference between the
hypoglycemic group vs. euglycemic group. Increased resistance to clot lysis only persisted in patients
following the hypoglycemic event, despite both the hypoglycemic and euglycemic group showing
increased resistance to clot lysis at day one.

▪ Dr. Heller hypothesized that abnormal cardiac repolarization could explain the
considerable evidence (nine studies so far) linking sudden death to hypoglycemia in
people with type 1 diabetes. Dr. Heller recapped data from Marques et al. study (Diabetic
Medicine 1997) showing that a markedly prolonged QT interval is associated with sudden death, and
that the QT interval rose during hypoglycemic events. Dr. Heller explained that hypoglycemia can
cause a lengthened QT interval through multiple mechanisms: 1) insulin lowers serum potassium,
which prolongs cardiac repolarization by reducing K+ efflux; 2) hypoglycemia reduces hERG
channel conduction that mediates K+ efflux (has been shown in vitro and in animal studies); and 3)
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increased sympathetic activity reduces serum K+ and promotes Ca2+ influx. However, he noted that
the relative contribution of these factors is still under debate.

▪ According to ongoing work by Chow et al., vagal tone (measured via RMSSD [vagus-
mediated heart rate variability]) is diminished seven days after a hypoglycemic event.
Dr. Heller explained that the current data (n=4) shows that for euglycemic patients, there was no
activity in RMSSD. However, in the hypoglycemic group, vagal tone diminished 30 minutes after an
event compared to baseline. While vagal tone returned to normal 90 minutes from baseline, vagal
tone falls again by seven days and seems to remain there.

▪ Dr. Heller connected hypoglycemia events to cardiac arrhythmias. Dr. Heller presented
evidence from the ongoing data collection from ambulatory studies in which patients were
monitored simultaneously with CGM and a 12 lead holter monitor for five days. He pointed to two
cases' electrocardiograms collected so far as prime examples of cardiac arrhythmias during
hypoglycemic events. The first showed sinus bradycardia with trigeminy at a glucose of 48.6 mg/dl
(2.7 mmol/l) and the second showed non-sustained VT at 57.6 mg/dl (3.2 mmol). He particularly
emphasized the increased incidence of bradycardia during hypoglycemia compared to euglycemia -
at a confidence interval of 95%, bradycardia had an 8.98 IRR (7.16-11.26) during hypoglycemia.

▪ Dr. Heller sees adverse consequences of hypoglycemia manifesting in two ways: 1)
when repeated episodes and tight control impair the counter regulatory responses
and 2) when occasional episodes affect the sympathoadrenal response. According to Dr.
Heller, evidence suggests that hypoglycemia can increase both morbidity and mortality and it may
be causing sudden death during hypoglycemic events. He hopes with better understanding, better
treatment will follow.

Symposium: Diabetes to Diabetic Kidney Disease - Easing the Nutritional, Medical, and
Behavioral Transition

EASING THE TRANSITION - LESSONS LEARNED

Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego, CA)

Heralded by many audience members as one of the most valuable talks they attended at ADA 2012, Dr.
Guzman's presentation provided valuable lessons for health care professionals in making the transition to
chronic kidney disease more manageable. She offered five pillars of advice: (1) realize that the transition to
CKD comes with many tough feelings; (2) be aware of your own attitudes; (3) understand that there are
good reasons for why people struggle with diabetes, so developing the right strategies is key; (4) realize that
obstacles are abundant; (5) be on alert for depression; and (6) be a partner against the disease. Dr. Guzman
advises that care providers focus on concrete, achievable, actions that will get the patient the "biggest bang
for their buck." The success, hope, and confidence that result can make a difference and can go a long way
when treating patients with diabetes, CKD, or other chronic diseases.

▪ Patients often do not understand the consequences of poorly managing their diabetes,
and given that there is no tangible reward for managing it well, patients have little
incentive to do so. What patients notice are the obstacles they face daily that impede their ability
to achieve their desired lifestyle. Other obstacles that further challenge proper diabetes management
include lack of knowledge about treatment options, healthcare professional and patient
communication problems, depression, medication side effects, unachievable goals, and cultural
norms that interfere (especially with regards to diet).

▪ While it is well known that people with diabetes are at a greater risk for depression,
many HCPs claim to have neither time nor responsibility to assess the mental status of
their patients. Regardless, depression is associated with poor self-care, a 2.5-fold increased
mortality rate, and a general apathetic attitude that can seriously impede successful therapy. Thus,
Dr. Guzman emphasizes that it is imperative that healthcare professionals realize and act on the
signs and symptoms of depression in their patients.
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Questions and Answers

Q: Can you chat for a minute about some of the workshops you do for people who are dealing
with CKD or chronic conditions in general?

A: I do a one-day workshop for people living with complications. They find us locally on our website. We also
do a depression series that is a seven-week series, all offered in San Diego , but $10!

Q: I feel like this was one of the most valuable sessions I went to in the entire conference. I just
wanted to say thank you.

A: Thank you

Q: I wholeheartedly agree. I've had type 1 diabetes for 48 years, and so I have a lot of empathy
for my patients. I think one of the most valuable things I do is meet with my patient for an
hour each time, often "knee to knee." Thank you

A: Thank you. Hope is a big thing - if you give them that they can start to see that they can make a difference
with their disease.

WHAT'S NEW? DIABETES CHRONIC KIDNEY DISEASE (KDOQI) GUDELINES UPDATED

Rudy Bilous, MD (Newcastle University, Middlesbrough, United Kingdom)

Dr. Bilous presented updates to the National Kidney Society's Kidney Disease Outcomes Quality Initiatives
(KDOQI) recommendations for diabetes and chronic kidney disease (CKD), which will be released later this
year. He specifically reviewed guidelines two, four, and six and discussed the quality of evidence grades (A
through D) and recommendation levels (one for recommend, two for suggest).

▪ Revisions to guideline two focus on the management of hyperglycemia and general
diabetes care in chronic kidney disease (CKD). First, they establish a target A1c of 7%,
further explaining not to treat to a level under 7% in those at risk of hypoglycemia. Individual needs
will determine if a target should be above 7%. Dr. Bilous briefly explained that the guidelines were
based on UKPDS, DCCT, ACCORD, and ADVANCE results, as poor glycemic control is correlated
with decreased glomerular filtration rates (GFR) and increases in diabetic nephropathy.

▪ Guideline 4.1 recommends using LDL lowering medications, like statins, to reduce the
risk of major atherosclerotic events in patients with diabetes and CKD, including
those with kidney transplants (1B). However, in Guideline 4.2 the NKS recommends not
initiating statin therapy in patients with diabetes treated by dialysis (1B). Dr. Bilous explained that
evidence for these guidelines comes from the significant improvement in GFR in participants treated
with statins in the CARDS and HPS studies, and the 17% reduction in people suffering major
atherosclerotic events when treated with statins in the SHARP study.

▪ Dr. Bilous concluded with a review of guideline six, which recommends not using ACE
inhibitors or ARBs in primary prevention of diabetic kidney disease in normotensive,
normoalbuminuric patients with diabetes (1A). However, Guideline 6.2 suggests not using
these medications in patients with albuminuria levels ≥30 mg/l who are at risk of diabetic kidney
disease (2C). A 2011 meta-analysis showed ACE inhibitors in combination with ARBs are actually
less beneficial than using ACE inhibitors or ARB alone, but the NKS cannot conclusively recommend
against using combination therapy

Corporate Symposium: Protecting Vision in Your Diabetic Patients (Sponsored by Genentech)

OVERVIEW OF DIABETIC MACULAR EDEMA THERAPIES

Sunir Garg, MD (Thomas Jefferson University, Philadelphia, PA)

Dr. Garg began his talk with the surprising statistic that one-third of people with diabetes have never had
an eye exam. He provided a comprehensive overview of the classifications of diabetic retinopathy, and
explained how diabetic macular edema (DME) can occur at any point along the spectrum. DME is the
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leading cause of vision loss in patients with diabetes and is diagnosed with a dilated fundus exam. Next, Dr.
Garg discussed the most common treatment: laser therapy. The ETDRS study not only defined DME but
also set laser therapy as the standard of treatment, as it was shown to reduce the risk of DME by 50%.
Triamcinolone (Kenalog), an innovative steroid introduced around 2002, was discussed next. Although it
initially had impressive results, a Diabetic Retinopathy Clinical Research Network (DRCR) trial illustrated
that after three years, the beneficial effects of triamcinolone regressed. Yet, laser therapy still proved
beneficial. Anti-VEGF agents were the last class of therapeutics he discussed, which help reduce vascular
permeability. Interestingly, all four Anti-VEGF agents - pegaptanib, bevacizumab, ranibizumab, and
afilbercept - are all used off-label. Bevacizumab showed superior vision gains compared to laser therapy in
the bevacizumab or Laser Therapy (BOLT) trial. Similar superior vision gains were observed with
ranibizumab in RISE/RIDE, a multicenter, randomized trial (n=759). Overall, Dr. Garg believes anti-VEGF
agents are a very promising, low-cost alternative to laser treatment.

PROTECTING VISION IN YOUR DIABETES PATIENTS

Carol Wysham, MD (University of Washington School of Medicine, Seattle, WA) and Doron
Schneider, MD, FACP (Drexel University, Abington, PA)

Dr. Wysham, Dr. Garg, and Dr. Schneider focused on the control of diabetic retinopathy in patients with
type 1 and type 2 diabetes. Dr. Wysham emphasized the importance of ophthalmology screening for
diabetes patients, citing both ADA recommendations and practical reasons for doing so. The ADA
recommends screening type 1 diabetes patients within five years of diagnosis after age 10 and type 2
diabetes patients at the time of diagnosis. Such screening is important because diabetic retinopathy is highly
prevalent, associated with increases in morbidity and decreases in quality if life, and can be controlled with
systematic therapy targeting A1c or blood pressure. Dr. Schneider talked about strategies for increasing
ophthalmology referrals for diabetes patients. He promoted a systematic approach embedded within a
Chronic Care Model that encourages patients, front desk personnel, and medical assistants (MAs) to
participate as fully in the healthcare process as their knowledge and license would allow. For example, the
patient could be asked to review a customized checklist on a website for prevention, the front staff could
remind patients to pull out or complete a visit checklist, and the MA could review the date of the last
ophthalmology appointment.

▪ Dr. Wysham emphasized that ophthalmology screening for diabetes patients is
important because diabetic retinopathy is highly prevalent, associated with significant
morbidity increases, and can be controlled with systematic therapy. She noted that
diabetic retinopathy is the most common cause of blindness among adults 20-74 years of age.
During the first two decades of disease, nearly all patients with type 1 diabetes and over 60% of
patients with type 2 diabetes have retinopathy. Dr. Wysham then talked about the impairment of
quality of life in patients with diabetic retinopathy, including social isolation, stressful family
dynamics, unemployment, psychological distress, and difficulty in the management of diabetes (due
to difficulty reading labels, exercising, reading the glucose meter, and administering insulin). She
then emphasized that diabetic retinopathy can be minimized through glycemic control (UKPDS
trials), fenofibrates (FIELD and ACCORD trials), and statins. Laser photocoagulation therapy is also
an option to minimize visual loss in those with more advanced retinopathy. The American Diabetes
Association (ADA) recommends screening type 1 diabetes patients within five years of diagnosis
after age 10 and type 2 diabetes patients at the time of diagnosis. Despite this, Dr. Wysham noted
that only 46% of type 1 diabetes patients in Germany had their retinal status documented (Hammes
2011), and that a significant proportion of diabetic patients in the US are not getting their
ophthalmology screening.

▪ Dr. Schneider talked about developing strategies to increase ophthalmological
referrals given to diabetes patients. Based on National Committee for Quality Assurance
(NCQA) data, he noted that the best practices in the United States (at the 90 percentile) have anth

ophthalmological referral rate of 79.3% for diabetes patients, compared to practices at the 10th

percentile with a rate of 49.7%. Dr. Schneider recommended that private practitioners evaluate their
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own performance in this aspect by looking at a sample of diabetes patients' files. He promoted the
use of the Chronic Care Model as a tool to facilitate brainstorming around the reasons and the
methods to close the gap. In this model, the patient would be asked to review a customized checklist
on a website for prevention, the front staff would remind the patient to pull out or complete a visit
checklist, the medical assistant (MA) would confirm adherence to medications and review the date
of the last ophthalmology appointment, and the doctor would handle aspects of the patient's chronic
problems. Information systems can also be used to facilitate referral and can help ophthalmology
practices identify patients who may require ophthalmology visits (e.g., those with no record of eye
exams in the past year). He emphasized that doctors need not handle every aspect of disease
management, and that practices should promote team-based care where each staff works up to the
limits of their license and ability. That way, doctors can focus on more complex decision-making.
According to Dr. Schneider, if it came to the doctor to remember whether the patients require an
ophthalmology referral, "shame on that practice."

PANEL DISCUSSION

Carol Wysham, MD (University of Washington School of Medicine, Seattle, WA); Sunir Garg,
MD, FACS (Thomas Jefferson University, Philadelphia, PA); Doron Schneider, MD, FACP
(Drexel University, Abington, PA)

Q: Why do you think that a rise was observed in the sham arm of the RISE trial?

Dr. Garg: the sham group still got laser therapy, which has been the standard of care for diabetic macular
edema. Since the sham group didn't have injections but had the option of laser treatment, many opted for the
laser treatment. The patients looked at in this trial were also selected for Macular Edema, and these patients
respond better to laser treatment.

Q: Our practice performed a program where we tried to have independent eye care providers
give information back to us, and said that as a private practice, they could provide nothing in
return to us. What strategies do you suggest with a practice like this?

Dr. Schneider: Really, competition is key. If there is a practice in your community that is more amenable to
working together, that practice should be supported. The national trend is towards Accountable Care
Organizations and healthcare teams, so practices that "don't play ball" would be under pressure to change
over the long term. Right now, practices that do not fill out forms must still document their treatments, and
you can try to get that information through their records.

Dr. Wysham: My first reaction is to look for other eye doctors to refer patients to. The eye doctors I refer
patients to are all fairly open to responding, and this is becoming a standard.

Dr. Garg: As ophthalmologists, we don't necessarily appreciate how important the forms are to primary care
doctors. So, education would be very helpful. Instead of looking for a new eye doctor right away, if you like
their care, you can try to educate them on the importance of the information and tell them that you would
have to look for other options if they cannot facilitate the transfer of that information. Hopefully this will
incentivize the ophthalmologists to do this.

Q: What patients would you not use anti-VEGF drugs with?

Dr. Garg: There are no other systemic medications we are aware of that will cross-react with anti-VEGF drugs,
with the exception of intravenous immunoglobulins (IVIG). The concern is with patients that have had a
recent stroke or heart attack. We really don't know what the risk is - by and large the risk seems small if at all.
We will often reduce the dose for patients with recent stroke or heart attack. We don't know if anti-VEGF
agents increase the risk of stroke or heart attack, but there is little data to support that anti-VEGF increase the
risk.

Q: Are there any drugs available for patients with prediabetes if they potentially have
retinopathy?
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Dr. Wysham: There is no specific treatment that would be indicated to lower the risk for retinopathy. It is best
to focus on lifestyle changes and establishing control of their CV risk factors. When you have retinopathy, it is
a global vascular risk so focusing on CV risk control is very important.

Symposium: Changing the Course of Diabetic Retinopathy

A PERSONALIZED APPROACH TO DIABETIC MACULAR EDEMA

Thomas Gardner, MD (University of Michigan, Ann Arbor, MI)

Dr. Gardner transitioned the discussion of diabetic retinopathy from the global perspective presented by Dr.
Barbara Klein to a more local approach. Dr. Gardner presented the eye, body, and soul parts to treating
diabetic retinopathy. He began his talk specifically focusing on the eyes. Dr. Gardner reviewed current
treatments (notably the success of ranibizumab in improving visual acuity in patients with diabetic macular
edema [DRCR.net, Ophthalmology 2012]) for treating diabetic macular edema. Importantly, he noted that
different patients respond differently to treatments, with some patients having limited or no success.
Consequently, he concluded that while we've made progress in treating diabetic retinopathy and macular
edema, there is a lot more to be gained. To that effect, he noted that many new therapies are currently being
investigated, including fenofibrate, doxycycline, minocycline, and tissue plasminogen activators. Next, he
presented the challenge of treating diabetic retinopathy from a whole-body standpoint. He reminded us that
diabetic retinopathy is not an isolated complication. A1c, diabetic nephropathy, and ulcers are all associated
with an increased risk of diabetic retinopathy. Most notably, a 1% increase in A1c is associated with a 14%
increased risk for developing proliferative retinopathy. Dr. Gardner stressed that diabetic retinopathy is a
complex picture and multiple factors need to be addressed to ameliorate it. Then, Dr. Gardner moved on to
the soul. If the eye is the window of the soul, he said, we should be able to get insight into what motivates
patients. He emphasized that in practice it is important to 1) help patients get expert help; 2) encourage
patients that they can control their diabetes; 3) remind patients that small differences can make big
differences; 4) talk to patients in terms they can understand; and 5) reassure patients that they will not go
blind if they take care of themselves. Dr. Gardner concluded with an outline for future strategies in patient
treatment to prevent diabetic retinopathy and macular edema: 1) quantify interactions of multiple risk
factors; 2) identify a distinct risk profile for each patient; and 3) treat the profile to prevent the
complications. Dr. Gardner explained that distinct profiles mean more specific treatments and a better
chance of treating complications

GLOBAL CHALLENGES IN TREATMENT OF DIABETIC RETINOPATHY

Barbara Klein, MD (University of Wisconsin, Madison, WI)

Dr. Klein opened the symposium with a comprehensive overview of diabetic retinopathy on the global level.
First, she reminded the audience of the burden and dynamic nature of diabetic retinopathy. A 2010 WHO
estimate rated diabetic retinopathy as the fifth leading cause of blindness. (Dr. Klein did note that a number
of factors introduce error and variability into WHO estimates including heterogeneity of survey methods,
extrapolation from specific areas to provide national estimates, and differing definitions of eye disease.) Yet,
care seems to be improving. She pointed to data from the Wisconsin epidemiologic study of diabetic
retinopathy that showed the percentage of eyes with proliferative diabetic retinopathy and clinically
significant macular edema in people with type 1 diabetes receiving treatment is decreasing. However, she
commented that the growing burden of diabetes (a 2010 study in China of 46,239 adults estimated 4.5 times
more people have diabetes than in 2002) and the increasing duration of diabetes suggests we may see
increased prevalence of diabetic retinopathy. Dr. Klein went on to discuss the resources necessary to
implement effective screening and treatment for diabetic retinopathy. She highlighted five requirements: 1)
regional centers or mobile exam units; 2) computer and Internet access; 3) resources for follow up; 4)
availability of personnel and technical equipment for treatment; and 4) communication systems for
practitioners and patients to enable education. Furthermore, Dr. Klein suggested that digital photography
combined with telemedicine links could be used to screen remote populations in a cost-effective way. She
emphasized the need for testing strategies to balance sensitivity and specificity in order to get the most bang
for our buck.
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Questions and Answers

Q: There are higher rates of prevalence in Southeast Asian countries. Why is that?

A: It is really hard to know. There are some of the problems in data that plague WHO studies. It is probably
true that things we use in screening for diabetes like BMI need to be revised. Standards in more Western
countries probably don't capture what is important in the way of obesity. This is really true in India. Public
health efforts are often geared off of things that are simple. Some of it is that. I think the increase in economic
stability in some of these areas and greater availability of food adds to the burden of obesity.

Q: Is there any geographic data that you can normalize according to A1c and find that at an
equivalent A1c, rates are much lower in some regions than others? If you have a 9% in France
and a 9% in Wisconsin, is the prevalence of any parameter lower?

A: It is uniform in Caucasian populations. We can't define a group in particular. It looks to be pretty linear
with glycated hemoglobin, but it is dangerous to extrapolate world wide from experience in Caucasian
populations.

NUTRITION TO INHIBIT DIABETIC MICROVASCULAR DISEASE

Renu Kowluru, PhD (Kresge Eye Institute at Wayne State University, Detroit, MI)

Dr. Kowluru has conducted a number of animal studies investigating the effect of antioxidant
micronutrients on the progression of diabetic retinopathy in her prolific career. She asserts that there is
adequate evidence to initiate well-designed human clinical trials to assess the value of micronutrients as an
inexpensive adjunct therapy to inhibit the development of diabetic retinopathy.

▪ Dr. Kowluru first described the physiologic progression of diabetic retinopathy (DR)
in order to illustrate how micronutrients have the potential to inhibit microvascular
disease. Diabetes, which causes sustained hyperglycemia, can cause biochemical changes and
oxidative stress. These lead to growth factor alterations and vascular occlusion, culminating in
neovascularization and proliferative retinopathy. The step between hyperglycemia and oxidative
stress has been targeted for inhibition.

▪ A series of animal studies found that multi-antioxidants, lipoic acids, and AREDS-
based micronutrients (age-related eye disease study) each inhibit retinal oxidative
stress. Multi-antioxidant therapy included a variety of widely known antioxidants. Normal levels of
CSH, HdG and acellular capillaries (each established measures of retinal oxidative stress) were
restored in diabetic mice on multi-antioxidants, lipoic acid, and AREDS-based nutrients
respectively. Each regimen was shown to reduce hyperglycemia severity as well. However, Dr.
Kowluru was careful to note that micronutrient regimens began within three to four days of diabetic
induction in mice.

▪ However, studies of the effect of micronutrients on diabetic retinopathy in humans
leave much to be desired, and Dr. Kowluru believes it is time for a new beginning. Dr.
Kowluru reviewed several commercially available supplements (e. g. bilberry, Nepretin, and
superoxide dismutase) that have fared well in non-clinical trials in slowing DR, but acknowledged
that some clinical studies have indicated no link between many antioxidants and DR progression.
However, Dr. Kowluru noted that unlike in her studies, these studies initiated antioxidants
subsequent to the development of background retinopathy. Ultimately, Dr. Kowluru finds that
animal studies provide convincing data to initiate human clinical trials with micronutrients.

Questions and Answers

Q: Patients come to us all of the time asking us if nutritional supplements work for their
diabetes and diabetic eye disease. There are many corporations that make many claims, but is
there any convincing evidence that any of these have a beneficial effect on diabetic
retinopathy?
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A: Antioxidants will have some beneficial effect depending on the state of diabetic retinopathy these patients
are in. I would say that there's no harm in taking them, but until we have a good clinical trial, we don't know
the true benefit.

Q: The data you showed was for animals that were started on antioxidants at the onset of
diabetes. Have you done studies where you've delayed antioxidant supplements to later? And
is there a stage of DR at which antioxidant supplementation is no longer beneficial and even
harmful?

A: We've done some work where we've started animals on antioxidants at a much later stage and we've seen
some beneficial effect, but we've only done one study where we started them at six months of diabetes, which
for animals is a long time. We haven't started in the middle of the game, we've started at six months - and we
should see some beneficial effect but not really great.

Q: In your feeding studies, when do you provide antibiotics?

A: They are mixed into the diet.

Q: That might explain some of the distinction between animal and human studies; we are
getting the nutrients when we need them if we mix them into the diet. When we eat, the
mitochondria produce superoxides, whereas when most humans take antioxidants they take
them in the evening or when they wake up when they don't need them. My guess is that you
wouldn't see much of an improvement as with people. So a better approach would be to take
antioxidants when they wake up.

A: Yes, sure.

Oral Sessions: Predictors and Consequences of Diabetic Kidney Disease

ADVANCED GLYCATION END PRODUCTS MAY PREDICT PROGRESSION OF DIABETIC
NEPHROPATHY (304-OR)

Paul Beisswenger, MD (Dartmouth University, Hanover, NH)

Dr. Beisswenger presented what he considered a groundbreaking study looking at novel biomarkers for
prediction and identification of diabetic nephropathy. Five advanced glycation products were studied:
carboxymethyl lysine (CML), carboxyethyl lysine (CEL), Glyoxal hydroimidazolone (GHI), methylglyoxal
hydroimidazolone (MGHI), and 3-deoxyglucosone hydroimidazolone (3DG-H). While Dr. Beisswenger
believes that the current testing method (microalbuminuria) is good, he thinks it could be better as there is a
poor correlation between the level of microalbumin and the degree of biopsy-proven diabetic nephropathy.
The novel biomarkers presented have strong scientific basis to justify their use, as they are long-term
indicators of chemical pathways that lead to complications. The current study examined the early
development of diabetic nephropathy in 103 patients with type 1 diabetes, as determined by electron-
microscopic quantification of two research renal biopsies five years apart. Three biomarker levels were
higher in nephropathy progressors than non-progressors - CML, CEL, and MGHI. All three biomarkers had
higher odds ratios for nephropathy progression relative to A1c, and enhanced A1c's predictive value.
Overall, this study has made impressive progress on improving the prediction and treatment of diabetic
nephropathy.

▪ The study was designed to examine the early development of diabetic nephropathy in
103 subjects with type 1 diabetes, as determined by electron-microscopic
quantification of two research renal biopsies fives years apart. The present study used
data from the Natural History of Diabetic Nephropathy Study (NHS), which was a younger
population (mean age of 16.9 years), had a short diabetes duration (mean of 7.9 years), and a mean
baseline A1c of 8.5%. The primary indicator used to assess nephropathy progression was glomerular
basement (GBM) width.

▪ Three biomarker levels were higher in nephropathy progressors than non-
progressors - CML, CEL, and MGHI. All three biomarkers had higher odds ratios for
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nephropathy progression relative to A1c, and enhanced A1c's predictive value. The respective odds
ratios (with 95% CI) for A1c, CML, CEL, and MGHI are as follows: 1.29 (0.82-2.02), 1.95 (1.14-3.35),
1.72 (1.06-2.77), and 1.63 (1.004-2.31). More importantly, when CML, CEL, and MGHI were
combined with A1c, the prediction of variation in GBM width increased nearly 2.5 times from 4.7%
to 11.6%.

▪ Overall, this study has made impressive progress on improving the prediction and
treatment of diabetic nephropathy. Follow-up outcome studies should be run to validate the
role of these biomarkers. Ultimately, the clinical use of these new biomarkers would allow early,
individualized treatment to prevent complications.

Q: When have you observed renal damage following renal albuminuria?

A: You can already have significant renal damage without renal albuminuria. The other thing we are
interested in is whether these new biomarkers are aiding in protection or susceptibility. There were only two
progressors in the lower tertile - we need to understand whether they are less susceptible or protected.

Q: Can you clarify the timing of when you measured the biomarkers studied?

A: The biomarkers were measured at year five. My initial plan was to look at serum samples throughout the
study. Ultimately we had to use plasma samples, as the serum samples were not stable.

CORRELATION OF RENAL PHYSIOLOGY AND PATHOLOGY IN DECEASED DONOR
KIDNEYS FOLLOWING 50-YEARS OF TYPE 1 DIABETES (T1DM): 50-YEAR MEDALIST
STUDY (305-OR)

Hillary Keenan, PhD (Joslin Diabetes Center, Boston, MA)

Dr. Keenan described the results of the 50-year Medalist Study, which identified protective factors for
diabetic retinopathy and nephropathy. The study focused on patients with type 1 diabetes who had been
insulin dependent for 50+ years. Patients were classified into five groups based on the severity of chronic
kidney disease (CKD) and assessed for estimated glomerular filtration rate (eGFR) and albumin/creatinine
ratio (ACR). More severe chronic kidney disease was associated with increased cardiovascular disease,
higher C-reactive peptide levels, and lower eGFR. Interestingly, ACR was not correlated with renal
glomerular pathology in the cohort. Based on these findings, Dr. Keenan believes that further validation of
the presence of diabetic nephropathy by histological study may be necessary for therapeutic plans in
patients without proliferative diabetic retinopathy and low eGFR.

▪ Patients were classified into five groups based on the severity of chronic kidney
disease (CKD) and assessed for estimated glomerular filtration rate (eGFR) and the
albumin/creatinine ratio. The following are clinical characteristics of the 50-year medalist
cohort -average age: 70 years; mean diabetes duration: 59 years; mean BMI: 25 kg/m ; mean A1c:2

7.2%; neuropathy: 34.5%; proliferative diabetic retinopathy: 46.8%.

▪ More severe chronic kidney disease was found to be associated with increased
cardiovascular disease, higher C-reactive peptide levels, and lower eGFR. The two
patient groups with the most severe CKD were classified as severe, while the other three patients
groups were classified as mild, collectively. Between the severe and mild CKD groups, cardiovascular
disease prevalence was 55.5% vs. 35.4% (p <0.01), C-reactive peptide levels were 1.3 vs. 0.9 mg/l (p
<0.01), and eGFR levels were 48.5 vs. 77.5 ml/min/1.73m (p <0.01).3

Q: Did you have any opportunity to measure pre and post removal of anti-hypertensive drugs?

A: No we don't have pre and post data on when they were started.

Q: Clearly there are people with long duration diabetes that don't develop kidney disease. Do
these data change your perspective?

A: When I was first introduced to diabetic nephropathy, I was taught that as the duration progresses in
diabetes, your glomeruli increases. However, some of these data defies this dogma.
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GLYCEMIA AND DEATH IN DIALYSIS PATIENTS (307-OR)

Amanda Adler, MD, PhD (Addenbrooke's Hospital, Cambridge, United Kingdom)

Diabetes significantly increases the risk of death in dialysis. Given the increased prevalence of
cardiovascular disease and hypoglycemic unawareness in patients with diabetes, aggressive glucose-
lowering could be associated with risks. With this in mind, Dr. Adler outlined an observational study using
the UK Renal Registry to determine whether an association exists between glycemic control (measured by
A1c) and mortality in individuals with diabetes on dialysis. The study included 3,157 individuals with
information on covariates including age, sex, cause of renal failure, and a measure of social deprivation.
After accounting for confounders, the study found that for patients under 60 years, as A1c increases there is
a significant increase in the incidence of mortality. We found these results very interesting because if this
risk is assumed reversible, the study suggests that improving glycemic control to an A1c between 6.5-7.4%
prior to dialysis could improve survival by approximately one year.

▪ Dr. Adler described an observational study using the UK Renal Registry to determine
whether there is an association between glycemic control (measured by A1c) and
mortality in individuals with diabetes on dialysis. Currently, the National Kidney
Foundation advocates an A1c < 7.0% irrespective of the presence or absence of chronic kidney
disease (CKD), while the UK Renal Association advises an A1c between 6.5-7.5% in dialysis patients.
The current study sought to determine whether there was an association independent of factors
related to both glycemia and mortality and to quantify the potential survival gain in months with
better glycemic control.

▪ The study included 3,157 individuals with information on covariates including age,
sex, cause of renal failure, and a measure of social deprivation. The cohort had the
following characteristic: median A1c of 7.0%, median age of 60 years, 38.6% women, deprivation of
0.2 based on the townsend score of material deprivation, and 85.2% of renal failure caused by
diabetes

▪ After accounting for confounders, the study found that for patients under 60 years, as
A1c increases there is a significant increase in the incidence of mortality (p<0.0001).
These results were considered generalizable given 'free' healthcare in the UK.

▪ The study suggests that improving glycemic control to an A1c between 6.5-7.4% prior
to dialysis could improve survival by approximately one year.

Q: Is it possible that the A1c is a risk factor for earlier death?

A: Yes, but we did try to control for residual confounding.

Q: Your data relates to A1c starting at dialysis, do you have A1c over time? Also, what were the
causes of death?

A: We do have cause of death, it is a good suggestion to look at A1c as a time variant

Symposium: How to Measure Success in the Treatment of Diabetic Neuropathy

UPDATE ON PATHOGENIC-DIRECTED THERAPIES

Aaron Vinik, MD, PhD, FCP, MACP (Eastern Virginia Medical School, Norfolk, VA)

In this talk, the highly-regarded complications expert Dr. Vinik discussed pain alleviation associated with
diabetic neuropathy, focusing on distal symmetric polyneuropathy, which affects both small and large
nerve fibers. According to Dr. Vinik, treating small nerve fiber neuropathy is far more challenging. He
provided a review of the efficacy of various treatments being developed. Ultimately, Dr. Vinik emphasized
that although there are many promising agents in the wings that can address the core pathogenic
mechanisms of neuropathy, metabolic (glucose and lipid) control and treatment of macrovascular risk
factors are key to prevention.
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▪ The most common form of diabetic neuropathy is distal symmetric polyneuropathy,
which involves small and large fibers, with damage to each fiber producing its own
constellation of features. Large fiber neuropathy is associated with loss of balance, which places
individuals at a greater risk of falling and causing injury. Small fiber neuropathy is associated with
loss of intra-epidermal nerve fibers, which induces C-fiber type pain (e.g., burning sensations and
allodynia), but strength and reflexes are normal. Though the symptoms of large fiber neuropathy
have been shown to improve significantly with exercise training to improve balance and reduce
reaction time to avoid falls, there is little consensus about how to effectively treat small fiber
neuropathy.

▪ A meta-analysis of a number of clinical trials identified SNRIs, gabapentinoids, and
the opioids as the most effective treatments for alleviating pain associated with small
nerve fiber neuropathy, which is difficult to address. Difficulty sleeping, lack of energy, and
drowsiness were found to be the most common small-fiber neuropathy-related symptoms. Dr. Vinik
cited data from three double-blind trials with 652 patients with diabetic peripheral neuropathy
receiving pregabalin for 5-8 weeks. Pain improved significantly, with greater improvements
observed as baseline pain severity increased.

▪ Topiramate and Metanx, along with glycemic control, were found to be effective in
reversing symptoms as well as alleviating pain associated with diabetic neuropathy.
Dr. Vinik cited a study he helped conduct titled the Norfolk Quality of Life - Diabetic Neuropathy,
finding that individuals with diabetic neuropathy and anxiety or depression reported significantly
higher pain scores and had less pain acceptance than those with only diabetic neuropathy. The study
also found that topiramate, which stimulates nerve regeneration, significantly reduced weight (228
to 220 lbs), BMI, blood pressure, A1c levels (7.4 to 6.8%) as well as neuropathy scores (31.1 to 21.0).
Metanx was also found to significantly reduce pain associated with diabetic peripheral neuropathy.
Dr. Vinik then reviewed the famous DCCT/EDIC trial, which found that glycemic control prevents
neuropathy both in the short and the long-term, even when glycemic control is not maintained in
the long run.

Oral Sessions: Diabetes Complications and Mortality - Risk Factors, Trends, and Sex/Race
Disparities

ASSOCIATION BETWEEN GLYCATED HEMOGLOBIN AND THE RISK OF COGNITIVE HEART
FAILURE IN DIABETES MELLITUS - SYSTEMATIC REVIEW AND META-ANALYSIS (298-OR)

Sebhat Erqou, MD, PhD (University of Pittsburgh, Pittsburgh, PA)

The association between hyperglycemia and the risk of congestive heart failure (CHF) has been suggested
but has yet to be quantified through clinical trials. Dr. Erqou performed an analysis of prospective
epidemiological data on the association between glycemia measured by A1c and the risk of CHF in patients
with diabetes. Through an analysis of ten studies, the overall adjusted risk ratio (RR) for CHF was 1.15
(1.10-1.21, 95% CI) - for every one percentage point increase in A1c, the risk of CHF increased by 15%.
Interesting, the RR for the single study comprising patients with type 1 diabetes was 1.30 (1.21-1.40, 95%
CI). Despite the absence of conclusive evidence from clinical trials, this prospective study provides
epidemiological support for the potential benefit of glucose lowering on the risk of CHF.

▪ Dr. Erqou performed an analysis of prospective epidemiological data on the
association between glycemia measured in A1c and the risk of CHF in patients with
diabetes. Electronic databases and relevant studies were analyzed that included baseline and
endpoint A1c measurements, as well as clinically significant CHF. Relative risk estimates were
calculated for each study, and a cumulative risk was derived from these. 178,929 participants with
diabetes were studies, with 14,176 incident CHF cases

▪ Through an analysis of ten studies, the overall adjusted risk ratio (RR) for CHF was
1.15 (1.10-1.21, 95% CI) - for every one percentage point increase in A1c, the risk of CHF
increased by 15%. Within the ten studies, there was substantial heterogeneity across the studies.
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After removing one study (which was later confirmed by the author to have been flawed), the pooled
adjusted RR for CHF was again 1.15 (1.11-1.19, 95% CI).

Q: What about the Nichols study?

A: Maybe by chance they got it like that. This is the source of your heterogeneity by and large. However,
without this study the association is still the same.

Q: Does type 1 make a difference?

A: Type 1s were followed for a longer period of time.

RISK OF MORTALITY IN LADA MAY BE HIGHER THAN IN TYPE 2 DIABETES (295-OR)

Lisa Olsson, MS (Karolinska Institute, Stockholm, Sweden)

Ms. Olsson's study concluded that the risk of mortality in autoimmune diabetes and latent autoimmune
diabetes (LADA) patients may be higher than that of type 2 diabetes patients. Her study used data from the
Nord-Trondelag Health Study (HUNT, 1995-1997), which had a sample size of 46,303 patients and included
2,699 cases of diabetes, 208 cases of autoimmune diabetes, and 150 cases of LADA. Patients were classified
as LADA if they were anti-GAD positive. Patients in the study were tracked using the Norwegian National
Cause of Death Registry (1995-2009), and during the 14 years of follow up, mortality was 33% in
individuals with diabetes and 15% in individuals without diabetes. Those with autoimmune diabetes had
hazard ratios of 1.56 for all cause mortality, 1.89 for cardiovascular mortality, and 2.44 for mortality due to
ischemic heart disease. All three of those numbers are higher than the hazard ratios for type 2 diabetes
patients (1.48, 1.8, and 2.61, respectively). Constricting the analysis to LADA patients led to similar results
(see chart below). The differences between the groups are statistically significant and cannot be eliminated
by controlling for A1c levels.

Hazard Ratios
(HR)

95% CI

All Cause Mortality

No diabetes 1

LADA 1.85 1.32-2.59

Type 2 diabetes 1.48 1.34-1.64

Cardiovascular
mortality

No diabetes 1

LADA 2.24 1.45-3.44

Type 2 diabetes 1.8 1.56-2.03

Mortality of ischemic
heart disease

No diabetes 1

LADA 4.26 2.28-7.96

Type 2 diabetes 2.61 2.14-3.18

Questions and Answers
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Q: Do you have information on insulin used? Some LADA patients may have switched to
insulin after getting correct diagnosis.

A: We do have that information but we didn't do this. Thank you.

Q: How often do you follow-up: once at the end of the 14 years or once every few years?

A: We follow them through the use of the death registry, both continuously and at the end of follow-up.

DECLINING RATES OF HOSPITALIZATION FOR ACUTE MYOCARDIAL INFARCTION AND
STROKE AMONG ADULTS AGED ≥45 YEARS WITH DIAGNOSED DIABETES, UNITED
STATES, 1988-2009 (297-OR)

Nilka Burrows, MPh (Centers for Disease Control and Prevention, Atlanta, GA)

Ms. Burrows examined trends in hospitalization rates for acute myocardial infarction (AMI) and stroke
among people with diabetes in the US. She noticed a decline in cardiovascular hospitalization rates within
both diabetic and non-diabetic populations, but found faster decline among diabetics and a narrowing gap
between diabetics and non-diabetics. From 1998 to 2009, the age-adjusted AMI hospitalization rate
declined from 24.7 to 7.7 per 1,000 diabetes patients, and the stroke hospitalization rate declined from 18.9
to 9.2. The decline occurred among all age, sex, and race groups, and disparities by age, sex, and race either
narrowed or disappeared. Ms. Burrows chalks up the decline to a number of factors, including but not
limited to a reduction in risk factor prevalence and more aggressive treatments of cardiovascular incident
risk factors. She considers these findings "encouraging." The study used data from the National Hospital
Discharge Survey (NHDS), which is limited in the sense that the diabetes population was identified by self-
report and does not include patients in nursing homes.

Questions and Answers

Q: Is the change in hospitalization rates for AMI significant? Could it be caused by the fact that
statins became popular in the early 2000s?

A: We can only speculate as to what is going on, but I suspect it's a combination of many things. The trend is
significant. My boss also thinks that statins are part of the reason for the decline.

Q: In the Kaiser Northwest Diabetes Registry, we injected a lot of data into our registry and
suddenly the risk factors all went down. Could this type of sampling error explain happened
here also?

A: Continued surveillance could help determine if this trend is real or not.

Q: Did you study the hospitalization rates for other reasons than AMI and stroke in diabetic
patients?

A: We limited our study to AMI and stroke. We have to take the sample sizes of the groups into account,
especially when doing trend analysis. That's part of the reason we focused on these two large groups.

ALL-CAUSE AND CAUSE-SPECIFIC MORTALITY BY RACE IN LOW INCOME BLACKS AND
WHITES WITH TYPE 2 DIABETES (301-OR)

Baqiyyah Conway, PhD (Vanderbilt University, Nashville, TN)

Dr. Conway's study found that all cause mortality and coronary artery disease mortality are lower in black
patients with type 2 diabetes than in white patients with type 2 diabetes, after controlling for
socioeconomics status. The study was conducted for low-income blacks and whites with and without type 2
diabetes using a sample size of n=12,498 for a mean follow-up period of 5.9 years. Overall, compared to
whites with type 2 diabetes, blacks with type 2 diabetes had lower all-cause mortality (HR=0.95, 95% CI =
0.72-0.99) and coronary artery disease mortality (HR=0.64, 95% CI=0.47-0.86), but higher (though
statistically insignificant) mortality from heart failure (HR=1.67, CI=1.01-2.76) and respiratory failure
(HR=1.09, CI = 0.68-1.74).

Questions and Answers
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Q: We saw the same thing in the Britain in the UKPDSL: blacks had lower all cause mortality
than whites. Did you look at how BMI relates to all cause mortality?

A: We don't have that data among whites, but among blacks the relationship is U shaped.

Q: Where is the lowest point of the U?

A: I'm not sure.

Oral Sessions: Diabetes and Macrovascular Disease - From Biomarkers to Therapeutics

LONG TERM COMPLICATIONS AND MORTALITY IN YOUTH ONSET DIABETES: TYPE 2
DIABETES IS MORE LETHAL THAN TYPE 1 (336-OR)

Jenica Wong, MBChB, FRACP, PhD (University of Sydney, Sydney, Australia)

Dr. Wong presented data comparing a cohort of people with early onset type 2 diabetes (n=354) to a cohort
of 1:1 matched controls with type 1 diabetes (n=354). Early onset was defined as a diagnosis between 15 and
30 years of age. The study examined the prevalence of diabetes complications and case fatality using
records from the National Death Index. Ten years after diagnosis, more people with type 2 diabetes
presented with microvascular and macrovascular complications than people with type 1 diabetes including
1) albuminuria (49.5% vs. 13.4%; p <0.0001); 2) vibration perception threshold (Z score: 2.5 vs. 1.9; p
<0.0001); 3) stroke (6.3% vs. 1.0%; p=0.004); and 4) ischemic heart disease (21.5% vs. 2.4%). People with
youth onset type 2 diabetes also showed a less favorable risk factor profile. Notably, the cohort with type 2
diabetes had higher triglyceride levels 1.8 (32.4) vs. 1.0 (18) mmol/L (mg/dl); p <0.0001). While both
groups showed similar blood pressure rates and cholesterol levels, the group with type 2 diabetes achieved
this with higher antihypertensive and statin treatment. The type 2 diabetes cohort had more deaths (n=39
vs. n=23; p=0.03) and more deaths due to cardiovascular disease (50% vs. 38%; p=0.047). Dr. Wong
concluded that this data seen in the context of increasing evidence suggests earlier onset of type 2 diabetes is
a "clarion call to further action".

▪ Youth onset of type 2 diabetes is growing. In the youth aged 10-19 with diabetes, the relative
proportion of type 2 diabetes growing. In American Indian (86% vs. 14%), African American (58%
vs. 42%), and Asian/Pacific Islander (70% vs. 30%) populations type 2 diabetes surpasses type 1.

▪ The study examined the prevalence of diabetes complications and case fatality in
youth onset type 2 diabetes compared to a similar cohort with type 1 diabetes. Youth
onset was defined as a diagnosis between 15 and 30 years of age. The study examined records for
354 people with youth onset type 2 diabetes and 354 matched controls with type 1 diabetes. Controls
were matched for age of diagnosis. Mortality data was obtained from the National Death Index.
Notable differences in baseline characteristics (given type 2 diabetes cohort vs. type 1 diabetes
cohort) include: 1) BMI (32.2 kg/m vs. 25.9 kg/m ); 2) diabetes treatment profile within five years22

of diagnosis; 3) percent of cohort of Anglo-Celtic descent (28.1% vs. 76.3%, p<0.0001); 5) number of
males (50.6% vs. 61.3%, p=0.004); and 6) age of onset of diabetes (25.6 vs. 24 years, p=0.0001). Dr.
Wong noted that she did not believe the difference in age of onset was clinically significant. Baseline
A1c was identical (8.1%).

▪ More microvascular and macrovascular complications occurred in individuals with
type 2 diabetes vs. type 1 diabetes 10 years after diagnosis. Dr. Wong drew attention to
differences in albuminuria, vibration perception threshold, stroke, and ischemic heart disease
(IHD).

Type 2 diabetes Type 1 diabetes p-value

Duration of diabetes (yrs) 20.8 19.2 0.06

eGFR 89.4 90.9 0.7

Retinopathy (%) 57.2 56.4 0.9
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Albuminuria (%) 49.4 13.4 <0.0001

Albumin-creatine ratio 3.8 0.7 0.009

Vibration perception
threshold Z score

2.5 1.9 <0.0001

Stroke 6.3 1 0.004

IHD 21.5 2.4 <0.0001

▪ Youth onset type 2 diabetes also showed a less favorable risk factor profile 1o years
after diagnosis. Dr. Wong explained that even though blood pressure was similar, individuals
with type 2 diabetes achieved the blood pressure level with higher antihypertensive treatment.
Similarly, individuals with type 2 diabetes achieved similar LDL profiles to people with type 2
diabetes with higher statin use. She also noted that snapshots of the cohorts two to five years after
diagnosis were remarkable similar to the 10 year profile.

Type 2 diabetes Type 1 diabetes p-value

Antihypertensive treatment
(%)

66.1 32.7 p <0.0001

Systolic BP (mm Hg) 129 125 p = 0.06

Diastolic BP (mm Hg) 77 76 p = 0.08

Statins (%) 57.4 30.7 p <0.0001

Cholesterol (mmol/L [mg/
dl])

5.0 (90) 5.0 (90) p = 0.7

Triglycerides (mmol/L [mg/
dl])

1.8 (32.4) 1.0 (18) p <0.0001

HDL (mmol/L [mg/dl]) 1.2 (21.6) 1.5 (27) p <0.0001

LDL (mmol/L [mg/dl]) 2.8 (50.4) 2.8 (50.4) p = 0.9

Ever smoked (%) 41.3 45.5 p = 0.5

▪ There were more deaths (39 vs. 23, p=0.03), and more deaths due to cardiovascular
disease (50% vs. 38%, p=0.047), in the type 2 diabetes cohort. Dr. Wong commented that
the increase in case fatality in the type 2 diabetes cohort suggested: 1) younger mean age of death; 2)
shorter duration of diabetes before death; and 3) increased cardiovascular disease deaths. The first
deaths and the first vascular deaths occurred in the third decade of life for individuals with type 2
diabetes, but later for individuals with type 1 diabetes. Furthermore, she noted that people of Anglo-
Celtic descent with early onset type 2 diabetes were most at risk and had the most unfavorable
metabolic syndrome factors.

Questions and Answers

Q: Are there any associations with socioeconomic status?

A: We don't have SES data. But SES does have an impact in mortality and development of type 2 diabetes.

Q: Do you think the atherosclerosis process is the same in type 2 diabetes and type 1 diabetes?
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A: I don't know. I imagine that we have evidence for it being more aggressive. In terms of vasculature it looks
similar in terms of it being a multivascular disease.

INSULIN SENSITIZERS MAY REDUCE THE RISK OF PERIPHERAL ARTERIAL DISEASE IN
TYPE 2 DIABETES: RESULTS FROM THE BYPASS ANGIOPLASTY REVASCULARIZATION
INVESTIGATION 2 DIABETES (BARI 2D) TRIAL (3-OR)

Andrew Althouse, MA (University of Pittsburgh, Pittsburgh, PA)

Mr. Althouse presented the results from the BARI 2D randomized clinical trial comparing insulin-sensitizing
(IS) therapy to insulin providing (IP) therapy in peripheral arterial disease (PAD) risk. The BARI 2D design
assessed the primary endpoint of incident PAD, defined by a new low ankle-brachial index (ABI) <0.9, and
secondary endpoints of lower extremity revascularization and lower extremity amputation in people with
type 2 diabetes randomly assigned to IS therapy (n=735) or IP therapy (n=744). Mr. Althouse showed a
decreased five-year incidence in PAD composite, a measure including both primary and secondary
endpoints, with IS therapy (24.1% in IS arm vs. 16.9% in IP arm). Similarly, he found a lower five-year
cumulative incidence of PAD with IS therapy (19.9% vs. 28.6%). Interestingly, Mr. Althouse noted that
cumulative incidence in the IS and IP arm did not begin to diverge until after two years. Additionally, Mr.
Althouse pointed to a decreased risk for PAD (HR=0.76; p=0.02), incident low ABI (HR=0.73; p=0.002),
and lower extremity amputation (HR=0.12, p=0.04) in the IS arm vs. the IP arm after adjustment for in-
trial A1c. (HR for lower extremity vascularization was non-significant.) Mr. Althouse concluded that given
these results, IS therapy may be preferable to IP therapy as the method of glycemic control in people with
type 2 diabetes to reduce the risk of PAD.

▪ The BARI 2D trial clinical trial assessed incident PAD, defined by a new low ABI
(<0.9), in people with type 2 diabetes randomly assigned to IS therapy (n=735) or IP
therapy (n=744). Participants were excluded from PAD analysis for a history amputation, lower
extremity revascularization, missing baseline ABI, or abnormal baseline ABI (ABI <0.9 or > 1.3).
The IS arm did not differ significantly from the IP arm at baseline. This included age at study entry,
sex, race, BMI, BP, current smoking, duration of diabetes, percent on insulin, and A1c.

▪ The five-year incidence of PAD composite, a measure of both primary and secondary
outcomes, was less in the IS arm (24.1%) than in the IP arm (16.9%). This corresponded
to a 5-year incidence difference of: 1) 22.7% vs. 16.5% for incident low ABI; 2) 2.6% vs. 1.1% for
lower extremity revascularization; and 3) 1.6% vs. 0.1% for lower extremity amputation (IS vs. IP; p-
values not given). Similarly, Mr. Althouse presented data showing a decreased 5-year cumulative
incidence of PAD in the IS arm compared to the IP arm (19.9% vs. 28.6%). He noted that incidence
was consistent between the IS and IP arm through two years, but began to diverge to result in the
almost 10% difference after five years.

▪ Hazard ratios for PAD, incident low ABI, and lower extremity amputation in the IS
arm vs. the IP arm indicated decreased risk with IS therapy even after adjusting for
A1c.

Un-adjusted Adjusted for in-trial A1c

Outcome HR (95% CI) P-value HR (95% CI) P-value

Peripheral arterial

disease

0.66 (0.51- 0.83) <0.01 0.76 (0.59-0.96) 0.02

Incident low ABI 0.68 (0.54-0.86) 0.001 0.73 (0.57-0.93) 0.002

Lower extremity

revascularization

0.47 (0.20-1.09) 0.08 0.58 (0.24-1.37) 0.22

www.closeconcerns.com 256



Lower extremity

amputation

0.08 (0.01-0.63) 0.02 0.12 (0.02-0.91) 0.04

Questions and Answers

Q: Why do outcomes differ for PAD versus CAD?

A: I am not well positioned to answer that question. The risk factors for PAD versus CAD are different.

Q: Did you adjust for smoking?

A: Smoking rates at baseline were equivalent in the IS and IP arm, so we did not adjust for that.

THE GLP-1 METABOLITE GLP 9-37 INCREASES ATHEROSCLEROTIC LESIONS IN MICE AND
IS ASSOCIATED WITH CORONARY ATHEROSCLEROSIS IN HUMANS (333-OR)

Michael Lehrke, MD (University of Aachen, Aachen, Germany)

Dr. Lehrke presented results showing increased atherosclerosis in mice with overexpressed GLP-1
metabolite. He began his presentation distinguishing active GLP-1 from GLP-1 metabolite (GLP-1 metabolite
is DPP-4-inactivated GLP-1). In a human study comparing total GLP-1 levels (approximately 10% GLP-1
and 90% GLP-1 metabolite) with coronary plaque in individuals undergoing CT-angiography for chest pain
(n=303), increased GLP-1 levels were associated with increased plaque burden (OR=1.22 [1.03-1.48];
p=0.03). "We know this is very provocative," he said and "needs to be confirmed in other studies." Dr.
Lehrke turned to a mouse model to compare active GLP-1 to GLP-1 metabolite. Eight-week-old LDL-receptor
deficient mice were injected with an adeno-associated viral vector to overexpress GLP-1, GLP-1
metabolite,,or β-galactosidase. After 20 weeks on a high fat diet, the study found GLP-1 metabolite
increased atherosclerosis. Dr. Lehrke proposed that the elevated non-HDL serum cholesterol levels observed
in the study were at least partially responsible. Additionally, both GLP-1 and GLP-1 metabolite showed anti-
inflammatory properties in the mice.

▪ Dr. Lehrke noted the important distinction between active GLP-1 and GLP-1
metabolite. DPP-4 inactivates GLP-1 to form GLP-1 metabolite. While GLP-1 metabolites cannot
activate GLP-1 receptors, Dr. Lehrke hypothesized GLP-1 metabolites may still affect the
cardiovascular system.

▪ Increased total GLP-1 levels were associated with increasing atherosclerotic plaque
burden in humans (n=303). Coronary plaque was assessed by CT-angiography in 303
individuals (BMI: 23.2 kg/m , 60% males, 63 years old, 7% with diabetes) with chest pain. The2

study found a weak, but significant relationship (p=0.03) between GLP-1 and total plaque (OR=1.22
[1.03-1.48]). The association persisted (p=0.02) even after adjusting for gender, BMI, C-reactive
protein, medicines, TNF, IL6, and glomerular filtration rate (OR=1.30 [1.06-1.65]). Dr. Lehrke
found this result surprising, expecting to find the opposite. He noted that while the study only
measured total GLP-1, we have low levels of active GLP-1, begging the question: Is it possible that
GLP-1 metabolites have a positive association with atherosclerosis?

▪ GLP-1 metabolite, not GLP-1, increased atherosclerotic formation in mice. The study
overexpressed GLP-1, GLP-1 metabolite,, or β-galactosidase by injecting adeno-associated viral
vectors in eight-week-old LDL-receptor deficient mice. Mice were fed a high fat diet and analyzed at
28 weeks old at which point the peptide had reached pharmacological levels. As expected, GLP-1
improved glucose tolerance. There was no appreciable difference in body weight. GLP-1 metabolite
significantly increased atherosclerosis (p value not given) compared to controls, whereas GLP-1 did
not. Dr. Lehrke proposed that this was at least partially due to increased non-HDL serum cholesterol
levels. Compared to controls, GLP-1 metabolites significantly increased total cholesterol, while
GLP-1 did not. Further analysis revealed the increase was in non-HDL cholesterol. In accord with
this pathogenesis, GLP-1 metabolites significantly decreased Cyp7A1 mRNA expression (Cyp7A1 is
critical in synthesizing bile acid from cholesterol) compared to controls.
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▪ Both GLP-1 metabolite and GLP-1 had anti-inflammatory properties in mice. Notably,
GLP-1 metabolite and GLP-1 significantly reduced mRNA expression of MCP-1 - implicated in
monocyte recruitment.

Symposium: Macrovascular Disease in Type 1 Diabetes Mellitus

ROLE OF INFLAMMATION IN THE CORONARY ARTERY DISEASE OF TYPE 1 DIABETES

Maria Lopes-Virella, MD, PhD (Medical University of South Carolina, Charleston, SC)

Dr. Lopes-Virella presented data accumulated from more than 20 years of the Diabetes Control and
Complications Trial (DCCT) and Epidemiologic Diabetes Interventions and Complications (EDIC) follow-
up. Dr. Lopes-Virella described the data analysis of 880 individuals from the DCCT and EDIC to determine
whether modified LDL in circulating immunocomplexes (mLDL-IC), inflammation biomarkers, or
conventional risk factors could predict later coronary artery disease (CAD). High internal carotid artery
intima-media wall thickness (ICA IMT) (> 1.7 mm) was used as a marker for CAD. Odds ratio for potential
predictors were assessed at DCCT baseline (1983-1989), DCCT conclusion (1994), EDIC Pass 3/4 (2003/4)
and 12 year EDIC (2006). At baseline, Dr. Lopes-Virella noted that mLDL-IC and A1c were good predictors
of later CAD, conventional risk factors were less good, and novel inflammatory biomarkers were not good.
However, she noted the caveat that DCCT participant inclusion had required normal blood pressure and
lipids. At DCCT closeout, predictors did not differ tremendously from their power at baseline. Finally, at
EDIC pass 3/4, inflammation biomarkers emerged as potential predictors - most notably, active PAI-1 and
C-reactive protein (CRP). Dr. Lopes-Virella then asked whether inflammatory biomarkers and mLDL-IC
could predict acute cardiovascular disease events. She presented data from a population of people with type
2 diabetes followed for a period of 40 years for acute MI and pointed to MDA levels in isolated LDL-IC as
the only appreciable predictor of myocardial infarction.

▪ Dr. Lopes-Virella described the analysis of data from the longitudinal, observational
DCCT and EDIC study to determine whether mLDL, inflammatory, or conventional
risk factors could predict atherosclerosis in people with type 1 diabetes. High ICA IMT at
EDIC year 12 (2006) was used as the marker for CAD. Odds ratios for possible predictors of high
ICA IMT were calculated at baseline (DCCT year of entry ranged from 1983-1989), DCCT conclusion
(1994), and at EDIC pass 3/4 (2003/4). Dr. Lopes-Virella commented that DCCT baseline
characteristics did not differ too much between those included in the analysis (n=880) and those not
included (n=561). The mean age for included participants (27.1 years), diabetes duration (66
months), and albumin excretion rate (mg/ 24 H) did not differ significantly. However, A1c (8.8% for
included vs. 9.0 for non included; p <0.01) and percent male (55.3% for included vs. 48.8% for not
included; p=0.02) did differ.

▪ At baseline, high levels of mLDL in circulating IC and high A1c were predictive of CAD
in people with type 1 diabetes. Dr. Lopes-Virella drew attention to the odds ratio for the upper
quartile of: 1) oxLDL (2.56 [1.17-5.74]); 2) AGE-LDL (3.18 [1.42-7.13]); and 3) MDA-LDL (3.18
[1.42-7.13]). Additionally, she pointed to the high odds ratio for the upper quartile of A1c (2.93
[1.39-6.17]). Interestingly, conventional risk factors were less useful predictors. She noted however
that there was some bias in the study. Patients recruited for DCCT had to have normal lipids and
blood pressure to be included. Inflammatory markers were not good predictors for the development
of CAD. Dr. Lopes-Virella commented that predictive capabilities did not differ tremendously at
DCCT closeout.

▪ At EDIC pass 3/4, PAI-1 biomarkers were predictive of later CAD. Interestingly, mLDL
was no longer predictive in people with type 1 diabetes. Dr. Lopes-Virella highlighted odds
ratio for total PAI-1 (1.37 [1.06-1.77]) and active PAI-1 (1.52 [1.20-1.92]). She also pointed to CRP as
a potential emerging predictor (OR=1.24 [1.01-1.52]).

▪ Dr. Lopes-Virella suggested that MDA-levels in isolated LDL-IC were predictive of late
acute myocardial infarction in people with type 2 diabetes in a population of people
with type 2 diabetes followed for a period of 40 years. While the exact number was not
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given, from the graph shown, we estimated the proportional hazard of the fourth quartile relative to
the first quartile was a little over 2.

PREDICTORS AND BURDEN OF CORONARY ARTERY DISEASE IN PATIENTS WITH TYPE 1
DIABETES

Tina Costacou, PhD (University of Pittsburgh, Pittsburgh, PA)

Even though life expectancy and risk of kidney disease has markedly improved for patients with type 1
diabetes in the last 60 years, a similar decline has not been observed for coronary artery disease (CAD).
While most standard risk factors for CAD are still predictive of CAD in people with type 1 diabetes, the
protective effect of being female is lost, and there is conflicting evidence for the association of CAD risk and
A1c. People with type 1 diabetes exhibit a disproportionately increased risk of CAD compared to the general
population, and Dr. Costacou presented data indicating that haptoglobin (Hp) genotype may help predict
risk for CAD for people with diabetes, allowing for preventative measures to be taken. Two common Hp
alleles exist: Hp1 and Hp2. People with the Hp 2-2 genotype are twice as likely to develop CAD than people
with the Hp 1-1 genotype. Encouragingly, evidence from the ICARE clinical trial indicated that people with
diabetes and the Hp 2-2 genotype could take a vitamin E supplement to lower risk of CAD by 55%.

▪ Great strides have been made in improving life expectancy and kidney disease for
people with type 1 diabetes, yet the same improvement has not been seen with respect
to macrovascular complications, namely coronary artery disease (CAD). Even though
patients with type 1 diabetes present with a more favorable risk factor profile (e.g., total cholesterol
for people with type 1 diabetes was 35% lower than that of the general population according to the
CACTI study), they still exhibit a disproportionate risk of developing CAD. One explanation that has
been proposed to explain the lack of improvement in CAD for people with type 1 diabetes is that
prevalence of intensive therapy has been accompanied by an increase in the prevalence of obesity for
people with type 1 diabetes.

▪ Standard risk factors for CAD do predict CAD in people with type 1 diabetes, but there
are discrepancies when it comes to gender and glycemic control; additionally,
diabetes specific risk factors (especially kidney disease) are also strong determinants
of CAD risk. There is a loss of the female protection in CAD for people with type 1 diabetes. This
may be due to less aggressive risk factor management (e.g., women are less likely to be prescribed
preventative medication) or a loss of the relationship between HDL and gender (men's risk for CAD
is inversely related to HDL levels, but this relationship is not true for women). With respect to
glycemic control, there is great variability of CAD risk compared to A1c. Some studies have shown no
association between A1c and the development of CAD in people with type 1 diabetes, whereas a
larger meta-analysis found that those with an A1c of 10.8% had a 2.8-fold higher risk for CAD.

▪ Variants in the haptoglobin (Hp) gene may help predict risk for CAD in people with
diabetes - risk of CAD is two times higher for diabetes patients that have the Hp 2-2
genotype compared to those with the 1-1 genotype. Hp is a plasma protein that binds to
hemoglobin (Hb). Hp-Hb binding is crucial for normal hemoglobin function; it reduces
hemoglobin's oxidative potential for tissue damage, reduces glomerular filtration and loss of
hemoglobin and iron following erythrocyte destruction, and reduces kidney damage resulting from
iron deposition in renal proximal tubule cells. For hemoglobin that is highly glycosylated, as it is in
people with diabetes, Hp binding to Hb does not confer as much protection from oxidative damage
by Hb (Hp binding in a low glycosylation state can inhibit 90% of Hb's oxidative potential, whereas
Hp binding in a high glycosylation state might only inhibit 10% of Hb's oxidative potential). People
with diabetes and the 2-2 genotype have a two times greater risk for CAD compared to those with
the 1-1 genotype.

▪ Prediction is only useful if it can lead to prevention, and clinical trials have shown that
cardiovascular disease risk for those with the 2-2 genotype can be significantly
reduced with a vitamin E supplementation. In the ICARE trial, there was a 55% reduction in
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the risk for developing cardiovascular disease for people with diabetes that took a vitamin E
supplement.

Healthcare Structure, Treatment Guidelines, and Epidemiology

Oral Session: The Clinical Management of Diabetes

STATE OF THE ART LECTURE - THE NEW ADA/EASD POSITION STATEMENT ON
MANAGEMENT OF HYPERGLYCEMIA IN TYPE 2 DIABETES

Silvio Inzucchi, MD (Yale University, New Haven, CT)

Dr. Inzucchi, the American co-lead author of the recently released ADA/EASD position statement, entitled
"Management of Hyperglycemia in Type 2 Diabetes: A Patient Centered Approach," presented the
background, rationale, and recommendations of the paper. He began his presentation by contrasting the
last fifty years in the development of drug classes for treating hypertension versus treating type 2 diabetes,
emphasizing the relative novelty of most type 2 diabetes drug classes. He then moved into a discussion of
previous statements on treatment guidelines that served as precursors to his team's new position statement.
He distinguished this new statement from the previous 2008 ADA/EASD algorithm as the first to become a
position statement rather than just a consensus document and outlined the extensive writing and review
process that went into the creation of the statement. He explained that this statement is less algorithmic and
prescriptive in its approach, instead advocating for treatment programs developed to best serve the
individual patient. The statement confirms metformin as the optimal first-line therapy option in conjunction
with lifestyle intervention, with the following stages a choice of various dual and triple combination
therapies before moving into the fourth and final treatment option, intensive insulin. He also discussed in
detail how patients may require more or less stringent A1c targets depending on factors such as age,
comorbidities, and hypoglycemia risk, among others. Dr. Inzucchi closed by discussing how these guidelines
can be tailored to a patient's particular needs by emphasizing certain treatment programs as best suited to
any number of specific situations (high initial A1c, weight loss as primary goal, being hypoglycemia prone,
etc.), while still noting that this did not eliminate the other drug classes as potential treatment candidates.

▪ After recounting how far we've come in managing type 2 diabetes in the last fifteen
years, Dr. Inzucchi described treatment algorithms available for management of type
2 diabetes prior to the ADA/EASD's new position statement. He noted that the 2008 ADA/
EASD Consensus Algorithm was the first attempt to speak to the need for individualized therapy via
its provision of different recommendations for patients prone to hypoglycemia or intent on weight
loss. He then offered some praise for the AACE Diabetes Algorithm for Glycemic Control - which he
noted has been criticized for its complexity - "because it channels patients down certain avenues
based on A1c." Dr. Inzucchi finally considered the British NICE algorithm, which he noted was the
first to acknowledge that a patient's A1c target can be adjusted to be more conservative based on
specific individual factors. In contrasting the 2012 statement with the 2008 ADA/EASD Consensus
Algorithm, Dr. Inzucchi stressed 1) its less prescriptive, algorithmic nature; 2) its calibration of
treatment targets to patient needs; 3) the acknowledgement of the role of lifestyle change prior to
metformin in certain patients; 4) the individualization of treatment options; 5) the harmonization of
five dual therapy options after metformin; 6) the recognition of the role of initial combination
therapy in patients with A1c ≥9.0; 7) endorsement of triple combination therapy when required; and
8) the inclusion of insulin options beyond basal and basal-bolus.

▪ Dr. Inzucchi identified four major reasons why a new position statement was needed:
1) the increasing number and variety of anti-hyperglycemic agents; 2) the emergence of new data
regarding the benefits and risks of tight glycemic control; 3) increasing concerns about the safety of
specific drugs; 4) increasing discourse about personalized medicine and patient-centered care; 5)
prior guidelines were consensus documents that had not undergone formal association review to
become an official "position statement." In response, the 2012 statement was written by a very
highly-regarded ten-person group - half European, half American. A late-stage draft was referred to
25 (!) global experts for feedback. Dr. Inzucchi said they received hundreds of recommendations
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from the experts, most of which were attended to in good faith. The statement was subsequently
given to the ADA and EASD's respective review boards, PCC and POGS, and then passed on to each
body's executive committee. It was finally published in Diabetes and Diabetologia in 2012.

▪ The position statement emphasizes a patient-centered approach in which treatments
and targets are modified to fit the individual patient's needs. Speaking to this approach,
Dr. Inzucchi argued that A1c targets should be tighter (6.0- 6.5%) for younger, healthier patients and
looser (7.5-8.0%) for older patients who have greater comorbidities and are more hypoglycemia
prone. In the latter cases, involving older and less healthy patients who are "more complicated", he
suggested that "stringency must be logically and practically reduced," To illustrate this point, Dr.
Inzucchi reproduced Figure 1 from the position statement, which demonstrates the spectra of
stringency that should be applied depending on a particular patient's age, comorbidities, weight, etc.
He said that in contrast to the chart on which this figure was based (which was originally published
in the Annals of Internal Medicine, and included A1c targets for low, medium, and high stringency),
this statement's figure is more of a "philosophical" one. The authors' omission of the predecessor
figure's A1c targets was again meant to acknowledge the individualized nature of care they were
endorsing, as they did not mean to suggest stringency level was an automatic determinant of target
A1c.

▪ The statement's treatment guidelines leave extensive room to be modified not just in
terms of progression of therapies, but also in emphases of treatment. The four-stage
chart lists metformin and lifestyle change as the optimal first line treatment, followed by dual
combination therapy of metformin and a choice of sulfonylureas, TZDs, DPP-4 inhibitors, GLP-1
receptor agonists, and insulin (usually basal). He stressed that there was no implied preference in
the specific ordering of the drug classes, saying they simply tried to place the older classes on the left
and injectable treatments on the right of the chart. The team found three drug combinations to be a
rational next step after dual therapy, and felt intensive insulin was the logical fourth and final stage.
He noted that depending on a patient's level of hyperglycemia at presentation, a PCP might consider
starting with a dual therapy right away (at an A1c of ~9.0%) or possibly even go straight to insulin
(at an A1c of ~12.0%). We were surprised that moving "straight to insulin" was discussed only at an
A1c of ~ 12.0% - we would think for patients to get closer to their glycemic target, insulin would be
proposed at lower A1cs. In general, while we think it's great that HCPs are being urged to
individualize therapy, we also think that there is a reason that A1c targets are 6.5 - 7.0% - if insulin
were safer and hypoglycemia weren't such a risk, the goals would likely be lower. As such,
acceptance of higher A1cs in the presumed name of safety, but that may cause earlier death, struck
us as a little unsettling from a patient perspective.

▪ Dr. Inzucchi also touched upon other factors affecting treatment decision-making that
were described in the statement, including age, weight, gender/ethnic/racial
differences, and comorbidities. He pointed out that in the statement's supplemental figures, he
and his colleagues had shown how the flowchart's initial suggestions could be adapted to specific
situations, such as minimizing weight gain, hypoglycemia, or treatment costs. In these instances,
only certain treatment tracks would be shown clearly, with the other drug options hidden behind a
transparent screen. This was a deliberate decision to not completely hide the treatments, according
to Dr. Inzucchi, as it underscored that the other treatments were still out there - they simply
required patients in the given situation to be more careful in their use.

Questions and Answers

Q: What is the role of sulfonylureas in modern management, in light of all the known
drawbacks, including burnout?

A: When you get down to each of these drugs, each of these has some warts. With SFUs, the issue is
hypoglycemia, and there is an idea that they might be pushing the beta cell too hard. I personally believe there
are drugs that have friendlier effects on beta cells. (Editor's note - this struck us as an understatement.) But
should we necessarily use that individual factor to guide treatment choices in patients? If a patient is young,
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relatively healthy, motivated, and well-insured, I wouldn't use them. In other parts of the world, however,
they are mainstays of treatment. Let's admit that they're effective drugs. I don't necessarily think we should
turn our backs on sulfonylureas just because other drugs are available, many of which have their own side
effects.

Q: These guidelines don't contain alpha glucosidase inhibitors and glinides. Any reason why
they don't contain these?

A: The figures would just frankly get too complex. As it turns out, in the US and Europe, there's very low use
of alpha glucosidase inhibitors. We could have put it into the algorithm, but it would have made it more
difficult to view the paper and slides. That's not to say that they can't be used - there may be niche patients
where they can be used.

Comment: One suggestion is to remember that the patient we encounter for the first time is not the same
patient five to ten years later. We need to be flexible and possibly redraw with treatment approach with
patients versus when they started.

Special Lectures and Addresses

PRESIDENT, MEDICINE & SCIENCE ADDRESS - HURRICANE DIABETES - THE ROAD TO
RECOVERY

Vivian Fonseca, MD (Tulane University School of Medicine, New Orleans, LA)

Editor's note - this talk is now available to see live on the ADA website at http://www.who.int/mediacentre/
factsheets/fs312/en/.

Every seat in the hall was filled as Dr. Fonseca spoke about the growing diabetes epidemic and the ADA's
important role in funding research, providing support for minority groups, and otherwise improving
patient outcomes. He opened with an account of his own experience treating diabetes patients who found
themselves without medical supplies following Hurricane Katrina. Data from studies in veterans, uninsured
patients, and insured patients showed marked increases in A1c following the hurricane, particularly in
people who lacked healthcare before the disaster (Fonseca et al., Diabetes Care 2009). He concluded that
Katrina's aftermath underscores the need to prepare for any disaster, on an individual or national level. Dr.
Fonseca then cautioned that the increasing tide of diabetes threatens to decrease quality of life and
overwhelm our healthcare system. Diabetes will likely affect over 300 million people worldwide in 2025.
Presumably this is a "diagnosed" figure - the IDF estimates currently there are 346 million people globally
with diabetes but we assume this includes undiagnosed. Dr. Fonseca then said that the annual cost burden is
expected to reach $192 billion by 2020. We note that the financial impact is currently estimated at $174
billion in the US alone - presumably Dr. Fonseca's estimate is for the US alone. His chart during the talk
showed a $132 billion economic burden in 2002; his estimates suggest that the economic burden increased
at an $8.4 billion per year rate between 2002 and 2007 and would decline to a $1.4 billion per year rate
between 2007 and 2020. Dr. Fonseca then discussed the ADA's important role in improving diabetes
management, including the organization's patient advocacy programs and its commitment to funding
research. A new aspect of this commitment is the Pathway to a Cure campaign, aimed at identifying and
funding potentially transformational, "high-risk/high-reward" approaches to treatment and to finding a
cure. To conclude his talk, Dr. Fonseca looked back on his life's journey from India, thanked the many
friends who helped him on his career path, and showed some images of New Orleans - a city that he
predicted, like the ADA, will finish strong.

▪ Dr. Fonseca began his address by recounting his personal story of treating diabetes
patients affected by Hurricane Katrina. A montage of pictures and videos illustrated how after
the hurricane, diabetes patients were left without critical medical supplies and were housed in
temporary shelters as relief efforts quickly became overwhelmed. Dr. Fonseca worked with insulin
manufacturers and relief organizations to provide diabetes supplies, but found that their collective
efforts were insufficient to combat the storm's repercussions. To Dr. Fonseca, the aftermath of
Katrina demonstrates the need to prepare for any disaster, on an individual or national scale. He
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convened an ADA task force on disaster preparedness, which provided recommendations to relief
organizations and patients on best practices for diabetes management in crises. Back in New
Orleans, Dr. Fonseca received an ADA grant to prospectively determine the impact of Hurricane
Katrina and its associated disruptions of medical care on metabolic parameters in people with
diabetes. Three distinct studies in veterans, uninsured patients, and insured patients showed that all
three groups experienced marked increases in A1c, with the uninsured patients having the highest
A1c both before and after. He concluded that the results - that patients of the lowest socioeconomic
status were effectively hit hardest - show the importance of eliminating disparities in healthcare. Dr.
Fonseca emphasized his appreciation of ADA's "stable but flexible" grant, which allowed him to
maintain his research enterprise and re-establish a clinical trial center.

▪ Dr. Fonseca then discussed another disaster - the financial "tsunami" that hit the US
with a recession. He explained that the ADA's preferred range of financial reserves is 25-40% of
annual expenses - a buffer that he said is especially important in terms of research grants, which
require continuous streams of money. Due to the recession and its impact on fundraising at ADA,
the reserves dropped "dangerously low" and the ADA had to resort to painful cuts in staffing and
research grants. Dr. Fonseca called for greater focus on preparation so that the situation never
occurs again and reassured the audience that the ADA is "well on the road to recovery" - between
2010 and 2011, reserves increased from 19.9% to 24.5% of annual expenses.

▪ To Dr. Fonseca, non-communicable disease represents the most serious disaster. He
said that this "slow-moving hurricane" has spun off from rapid changes in people's lifestyles, which
lead to obesity and diabetes. Well over 300 million people worldwide are expected to have diabetes
by 2025, and the increasing prevalence threatens to overwhelm our healthcare system: the annual
cost burden of diabetes is predicted to reach $192 billion by 2020 (see our comments above in the
summary about these estimates). Dr. Fonseca underscored that chronic diseases need to be
addressed in every possible way and that diabetes prevention should be one of the highest priorities
of the US and worldwide.

▪ In the past two decades, new treatments and tools, greater diabetes awareness, and
evidence-based guidelines have contributed to significant reductions in A1c along with
reductions in the rate of retinopathy, end stage renal disease (ESRD), amputations,
and diabetes-related mortality. However, the absolute number of patients reaching ESRD has
increased due to the greater prevalence of diabetes, and a similar trend is seen with retinopathy. Dr.
Fonseca applauded the progress to date but said that HCPs must also focus on stemming the tide of
diabetes through prevention. He noted that the ADA plays an important role in this process, given
its broad mandate to address effectively all aspects of diabetes, both type 1 and type 2. Looking
forward, the ADA will focus on key areas that include improving outcomes for patients, giving a
voice to those denied their rights because of diabetes, highlighting our nation's sense of urgency with
the growing diabetes epidemic, and expanding the field of research.

▪ A central strategy of ADA is supporting research, and this focus has yielded a variety
of positive results. In the past five years, 98% of young researchers funded by the ADA remained
in the diabetes field. Of those researchers who received ADA grants, 56% were promoted in their
academic positions, 37% earned leadership awards, and 85% received addition federal funding
within five years of their ADA grant. Dr. Fonseca discussed ADA's Pathway to a Cure campaign, a
new program aimed at identifying potentially transformational approaches to treatment and to
finding a cure. The ADA also publishes several professional journals including Diabetes, Clinical
Diabetes, Diabetes Spectrum, and Diabetes Care, the leading journal for diabetes clinical care and
research worldwide. (Dr. Fonseca joked, "As editor, I've had to reject papers from most of you…I
have few friends left, but we have a better journal.")

▪ Dr. Fonseca mentioned that the ADA recognizes the international spectrum of the
diabetes disaster and has collaborated with several international organizations to
implement worldwide education programs, particularly in Asia. In the US, diabetes has a
substantial impact on minority communities, and the ADA has established initiatives for African
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Americans and Latinos that are intended to decrease healthcare disparities through advocacy and
education. Relatively recently, the association has begun a similar program for Asian Americans,
Native Hawaiians, and Pacific Islanders.

Kelly West Award Lecture

THE DIABETES "EPIDEMIC" - HOW WE EPIDEMIOLOGISTS MISLED THE WORLD

Knut Borch-Johnsen, MD, PhD (University of Southern Denmark Odense, Denmark)

Dr. Borch-Johnsen provocatively argued against the existence of a diabetes epidemic despite the well-
documented increases in total numbers of people with diabetes and diabetes prevalence globally. Instead, he
stressed that diabetes incidence (risk for diabetes) was a far more important measure, and he reviewed data
demonstrating that diabetes incidence had not risen in all countries or demographic groups in recent years
(i.e., Sweden, Taiwan, the UK, and Caucasians and Asians in the US). To explain this discrepancy between
non-concordant increases in diabetes incidence with increasing diabetes prevalence, Dr. Borch-Johnsen
hypothesized that improved life expectancy overall (due to advances in public health and clinical care),
improved life expectancy in people with diabetes (due to advances in diabetes care), and population growth
were largely driving the increasing diabetes prevalence worldwide. Therefore, while he believed the
"epidemic" (if equated to diabetes prevalence) could be halted on an individual basis through lifestyle
modification, he suggested that it would be difficult to eliminate the "epidemic" on a societal scale given the
need for stringent population control measures and the abandonment of many medical care advances
according to his model.

Symposium: How Should HbA1c Be Reported - % DCCT Units or mmol/mol?

HBA1C IN % OR IN MMOL/MOL - WHERE DO THE NUMBERS COME FROM?

David Sacks, MB, ChB (Harvard Medical School, Boston, MA)

Mr. Sacks provided a broad overview of the history of A1c and how it came to be a standard of care. As a
review, A1c measures glucose linked to hemoglobin, with its concentration depending on blood glucose and
the life span of red blood cells (8-12 weeks). A1c is extremely valuable clinically for monitoring long-term
glycemic control, therapy adjustment, assessment of diabetes care, and diagnosing diabetes. Given its
clinical value, several trials helped advance A1c as a meaningful clinical metric. The Diabetes Control and
Complications Trial (DCCT) declared A1c a standard of care in 1993, followed by the Nation
Glycohemoglobin Standardization Program (NGSP), which helped to standardize A1c assays and reported
A1c as a percentage. The International Federation of Clinical Chemistry (IFCC) followed this by preparing
primary reference materials of A1c - importantly, the IFCC reported A1c in mmol/mol. The differences in
A1c reporting as defined by NGSP and IFCC form the foundation for the debate. To enable conversion from
mmol/mol to % A1c, a master equation was created. Despite this, there is still no international standard.
Currently, some nations are reporting A1c only in mmol/mol, others only as a percent, and still others dual
reporting. The lack of an international standard is one of the driving arguments used to support A1c
reporting in either the NGSP and IFCC form. Overall, individuals are split on the best way to report A1c,
and the public reception of how A1c is reported remains an important yet unknown factor.

A CLINICAL PERSPECTIVE - HBA1C SHOULD CONTINUE TO BE REPORTED IN %

David Nathan, MD (Massachusetts General Hospital, Boston, MA)

Dr. Nathan took the position that A1c should continue to be reported as a percentage, based on the NGSP
(1997) standard as well as historical tradition. He emphasized the long history of reporting A1c in
percentages, the equivalency between the units, and the lack of clinical benefits of the change. Based on
those arguments, he concluded that there is no reason to switch and noted that the debate revolves around a
"silly question, but that's up to you to decide." For background, the International Federation of Clinical
Chemistry (IFCC) has promoted the mmol/mol unit since 2002, and many countries now mandate a dual
reporting of A1c in both percentages and mmol/mol.
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▪ Dr. Nathan first talked about the history of reporting A1c in percentages, which was
similar to Dr. Sacks's talk that came before. From the finding that diabetic patients have
elevated A1c levels (Nathan, 1984) to the cementing of A1c's importance (DCCT, 1993; UKPDS,
1998), the percentage unit has always been used. Dr. Nathan characterized the percentage standard
as "widely implemented, widely used" in both research and clinical care. He further noted that every
major research advance in the past 30+ years and until recently all clinical results were published
using the percentage standard.

▪ Dr. Nathan then emphasized the equivalency of the percentage and the mmol/mol
standards. Laboratory procedures would not be changed along with the unit change, so there is
perfect correlation between the two units (which means that there is no new information content
available). Furthermore, results from the NGSP standardized assay, which used percentage as the
unit for reporting A1c, and results of the IFCC standardized assay, which used mmol/mol, correlated
with R = 0.966, implying virtually perfect correlation. Since A1c as a percentage is understood by2

patients and doctors and new standardization of the assay does not affect the performance of clinical
assays, there is little reason for a change in standards.

▪ Dr. Nathan then attacked the rational given by IFCC for switching to mmol/mol, which
appealed to the convention of reporting results in the authentic units in which they
are measured. According to Dr. Nathan, radio- and chemi-luminescent assays, enzymatic assays,
and colorimetric assays are also not reported in the units they are measured in, so A1c is not unique
in this aspect. While the IFCC also promoted their standard as an opportunity for the global
standardization of A1c measurement, Dr. Nathan noted that the percentage unit worked well for
facilitating communication and that the new standard does not improve communication. He also
discussed how clinicians, investigators, and professional organizations (including the ADA and the
AACC) protested the IFCC decision noting the potential confusion that would occur, but IFCC would
not relent.

▪ Quoting Shakespeare (he is a graduate of a liberal arts college), Dr. Nathan
emphasized the information content labels carry and noted that changing the
standard would increase confusion in the public. In Shakespeare's Romeo and Juliet, Juliet
exclaimed "that which we call a rose, by any other name would smell as sweet." According to Dr.
Nathan, however, that view is incredibly naïve and is why Romeo and Juliet ended in tragedy.
Names carry information, and arbitrarily changing names causes confusion. For the harms such
confusion may cause, Dr. Nathan referred to Iqbal (2008), which showed that type 1 and 2 diabetes
patients who understand their A1c targets do better than patients without such knowledge.

A CLINICAL PERSPECTIVE - HBA1C SHOULD BE REPORTED IN MMOL/MOL

Sally Marshall, MD (Newcastle University, Newcastle, UK)

Dr. Marshall took the opposing position to Dr. Nathan, arguing that A1c should be reported in mmol/mol.
She is a strong believer that the IFCC is the only international anchor and consequently should be the
standard. She further supported her argument by citing that the majority of countries have already made
the change, that change could provide a clinical benefit while posing little clinical risk, and that health care
professionals and patients do not currently understand A1c well.

▪ Dr. Marshall is a strong believer that the IFCC is the only international anchor, and
consequently should be the standard. She views the NGSP reporting system as derived and
reiterated her belief that an international standard should be absolute. Bolstering this argument, she
cited a 2011 review of the issue in which it was recommended to standardize the reference system
and reporting worldwide. She described how the first step towards standardization would be dual
reporting, and during this time conversion tables would be easily available and journal editors would
report in both units.

▪ Dr. Marshall further supported her argument by citing that the majority of countries
have already made the change, that change could provide a clinical benefit while

www.closeconcerns.com 265



posing little clinical risk, and that health care professionals and patients do not
currently understand A1c well. All countries with the exception of the United States and Japan
are either exclusively reporting A1c in mmol/mol or are dual reporting. Dr. Marshall also made the
argument that the way A1c numbers are reported can alter health care practitioner habits - higher
numbers increase efforts to improve glycemic control, while lower numbers increase the propensity
to loosen glycemic control. Because A1c reported in mmol/mol is a larger number than when
reported as a percentage, Dr. Marshall believes this represents a potential for clinical benefit. Dr.
Marshall also dismissed concerns that changing A1c reporting would create healthcare practitioner
confusion because she believes practitioners don't currently understand A1c. She cited one study in
which 22% of practitioners misclassified changes in A1c. In another study, 40% of patients were
unfamiliar with A1c. Overall, she felt that A1c is not currently well understood, and thus changing
A1c reporting would be unlikely to enhance confusion.

▪ Overall, Dr. Marshall believed that there would be great value in reporting A1c in
mmol/mol not only to standardize international reporting, but also to provide
potential clinical benefits. She believed that a consensus from all interested parties and
professional bodies would be necessary for successful standardization. Through the use of a low-cost
education program, Dr. Marshall was confident that the appropriate information could be
disseminated in order to successfully institute a standard form of A1c reporting.

PANEL DISCUSSION

David Sacks, MB, ChB (Harvard Medical School, Boston, MA); David Nathan, MD
(Massachusetts General Hospital, Boston, MA); Sally Marshall, MD (Newcastle University,
Newcastle, UK)

Q: I didn't hear any discussion of the cost of the adjustment, which is apparently quite large.
There doesn't appear to be any clinical benefit, based on my understanding of the
presentation, and there only seem to be costs.

Dr. Marshall: I don't think the education program cost that much. We did one meeting with the clinicians and
distributed information over the web.

Dr. Nathan: That's not nothing.

Dr. Marshall: Also, a benefit of the conversion is that people who see a higher number would work harder to
reduce their A1c levels, which would improve clinical outcomes.

Dr. Nathan: Are you seriously hoping that people will work harder to reduce their A1c if they see a high
number? Do you also think that having the higher number would lead to greater hypoglycemia risks?

Dr. Marshall: I think there is a very good argument for those with high A1c to see a higher number. There may
be hypoglycemia risks for patients with low A1c, but there's not as many of them as those with high A1c.

Q: I thought the consensus is that everyone would move to dual reporting. So why are the
countries that only report mmol/mol not criticized?

Dr. Marshall: Dual reporting is used as a transition to single reporting.

Q: How do you deal with software when you do dual reporting: do you reconfigure software to
report the two numbers?

Dr. Marshall: Yes. This is why we recruited from the very beginning manufacturers, laboratories, and clinical
doctors. Manufacturers would have to first tweak the machines to report the two values and then the
clinicians have to be taught how to use them.

Comment: Having a significant difference between two values (A1c and blood glucose) help
patients understand the distinction between the two targets.

Q: Change would give an opportunity for diabetes education for the public, no?
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Dr. Nathan: It's always good to educate patients, but this is change for change's sake. If that's what it takes for
the UK to improve diabetes education, sure, but I don't think this is the optimal way of doing it.

Symposium: NDEP Symposium - NDEP Past, Present, and Future - Chaning the Way Diabetes
is Treated

SESSION OVERVIEW

Judith Fradkin, MD (National Institute of Diabetes and Digestive and Kidney Diseases,
Bethesda, MD)

Dr. Fradkin gave a brief introduction to the symposium, discussing some of the controversies and
challenges the diabetes community has faced and how the National Diabetes Education Program (NDEP)
has responded to these difficulties by providing tools for patients and healthcare providers to evaluate
treatment options. She reminded the audience of the results of the DCCT/EDIC trial, which demonstrated
that more intensive glycemic control, decreases the onset of diabetes complications. In 2011, follow-up
results from this study reported a 50% reduction in clinically significant chronic kidney disease in the
intensive control group (A1c <7.0%). Dr. Fradkin emphasized that the NDEP utilizes such information to
ensure that patients and healthcare professionals remain informed about the best treatment options. Due to
its cost-benefit value, a major current focus at NDEP is lifestyle change, and new data from the Look
AHEAD study reported that type 2 diabetes patients with a 10% reduction in weight enjoyed a 50%
reduction in mobility-related disability.

WHERE WE'VE BEEN (1997-2012) - CHALLENGES AND CONTROVERSIES

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

Dr. Buse reviewed past accomplishments and pitfalls in diabetes research, using the information to identify
opportunities for improvement. He focused his analysis on screening and prevention, targets for
individualization, safety, and algorithms of care. Dr. Buse advocated for easier paradigms for screening
and better techniques for evaluating prevention success. Specifically, he believes we can simplify the current
screening standards and develop strategies for evaluating and monitoring individuals with prediabetes.
With regard to targets, Dr. Buse expressed that trials can aid in defining targets that lead to better
individualization of treatment. He referenced studies such as ACCORD, UKPDS, and STENO-2 that led to
consensus regarding <7.0% as the optimal A1c target in diabetes treatment strategies. Furthermore, he
noted that better communication regarding risk, benefits, and comparative effectiveness of drug therapy is
invaluable to better outcomes. Last, he recognized the valuable role algorithms of care can play in certain
circumstances: when cost is an issue, when weight gain is an area of focus, or when hyperglycemia and
hypoglycemia are particular risks. In light of this, Dr. Buse believes it is necessary to better align common
principles across all major US guidelines so that, when necessary, algorithms can provide optimal diabetes
care.

WHERE WE ARE - FOCUS ON BEHAVIOR CHANGE (DIABETES PREVENTION AND
MANAGEMENT)

Martha Funnell, MS, RN, CDE (University of Michigan, Ann Arbor, MI)

Ms. Funnell began with a review of the National Diabetes Education Program (NDEP) surveys of 2,000
adults (>45 years) with diabetes and prediabetes. While knowledge of the disease has increased, the
perceived risk of developing diabetes and the understanding that it can prevented has not changed.
Importantly, only half of respondents had ever received education on diabetes self-management, with no
improvement from 2006 to 2011. Ms. Funnell also explained that reimbursement changes have led to a
decrease in SMBG (90% of respondents to 77%) from 2008 to 2011. Looking to the future, she emphasized
that achieving the goals of Healthy People 2020 will require teamwork to make behavior and practice
changes - to that effect, she showcased the materials available through the NDEP for all members of
diabetes care teams: health care providers, pharmacists, podiatrists, optometrists, dentists, and certified
diabetes educators. In particular, the NDEP's Health Sense website (ndep.nih.gov/sbcr/) features patient
checklists to improve clinical visits, goal-setting tools, educational videos, and specific materials for youth,
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students, and families. Ms. Funnell invited all ideas to help fill gaps in tools that are not currently on the
Health Sense website, especially for adults diagnosed with type 1 diabetes or women who have (had)
gestational diabetes.

WHERE WE'RE GOING - THE ROAD TO 2020 - ENGAGING THE COMMUNITY

Wanda Montalvo, RN (Montalvo Consulting, New York, NY)

"Don't reinvent the wheel" was the key message from Ms. Montalvo's presentation about the National
Diabetes Education Program's (NDEP) continuing and future plans for improving diabetes education in our
communities. She emphasized that NDEP has an abundance of resources that can likely help patients,
community members, and healthcare providers improve their approach to treating type 2 diabetes. She
encouraged all to collaborate with NDEP and make use of the program's tools to create the kind of change
we want to see in our communities. We agree with Ms. Montalvo that "much of primary care happens at
home. The patient is a core member of the primary care team." NDEP is currently empowering patients
through community engagement training geared towards minority groups, the Road to Help Tool Kit, and
social networking software.

▪ The Road to Help Tool Kit provides individuals and communities with a roadmap for
implementing diabetes outreach and intervention programs. Training videos and
materials (also provided in Spanish) have been used widely among healthcare providers, educators,
and within the faith-based community. For example, the Frederick County Health Department
developed a 12-week program designed to build community outreach and help understand how to
build capacity in the community to battle type 2 diabetes. This family lifestyle intervention program
had 57 graduates, 82% of whom lost weight. Furthermore, 18% of participants lost 5% or more
weight by the end of the program.

▪ Ms. Montalvo gave an enthusiastic inside-look into changes being made to the award-
winning Macaw Mobile App that will help patients manages their diabetes. Acting
almost as a primary-care personal assistant, the gaming software (downloadable as an "app" on
smartphones) includes diabetes management portals and information. Individuals can input meals,
monitor physical activity, set reminders (for retinal exams, foot exams, etc.), among other features.
Furthermore, the app allows users to connect with social networks and affinity groups to share and
garner support.

NEXT STEPS, CONCLUSIONS, QUESTIONS AND ANSWERS

Ann Albright, PhD (Center for Disease Control and Prevention, Atlanta, GA)

Dr. Albright's concluding presentation highlighted the current partnerships and integration opportunities
with the National Diabetes Education Program (NDEP), noting that reorganization is underway. In
particular, she showcased the Utah Diabetes Prevention and Control Program, which incorporated NDEP's
family health history resources into a community mobilization initiative. Also discussed were partnerships
with businesses (e.g., eye-care provider VSP, Fayette County Chamber of Commerce) to modify NDEP
materials. Other initiatives address vulnerable population and health inequities related to diabetes control
by building community coalitions and utilizing NDEP resources. Dr. Albright finished with an outline of the
NDEP's next steps: (1) complete revisions; (2) expand the reach and use of NDEP resources through
electronic health records and training; (3) enhance partnerships; and (4) evaluate the NDEP's success and
areas for improvement.

PANEL DISCUSSION

Judith Fradkin, MD (National Institute of Diabetes and Digestive and Kidney Diseases,
Bethesda, MD); John Buse, MD, PhD (University of North Carolina Chapel Hill, Chapel Hill,
NC); Martha Funnell, MS, RN, CDE (University of Michigan, Ann Arbor, MI); Wanda
Montalvo, RN (Montalvo Consulting, New York, NY); Ann Albright, PhD (Center for Disease
Control and Prevention, Atlanta, GA)
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Q: You had mentioned that many more people know about the disease, and A1c and weight
concerns, but we still see a lot of less motivated individuals in terms of taking action. Are there
any education programs that have shown improvements in motivation? What are we doing in
involving immediate family members?

Ms. Funnell: You raise a huge issue. We do know more about how to help people lose weight, but none of
these studies measure motivation. Do we care about motivation or outcomes? One of the things we know is
initial change is fairly easy, but it takes ongoing support to make those changes in the long term. We also
know it's not easy, and one thing we have tried doing through Health Sense is pulling together the 160
different tools, many related to weight. The idea is that something on there will help a particular person
address the issue of weight loss and that could involve motivation. In terms of family support, there are some
tools, like "Do it for them." Specifically, there are tools in the prevention and obesity materials to help entire
families think about their risk, as well as promotional programs about making changes on a family level.

Dr. Fradkin: Our gestational diabetes materials also have information for whole family-based changes. And
don't we have a readiness for change assessment?

Ms. Funnell: Yes, there are two tools that actually help people work through their readiness and willingness.
They can consider what's important to them now and what steps they can take for that.

Q: I want to thank the NDEP for all these materials. Your data showed that patients are not
receiving enough education, and I would like to know if there are any PSAs or materials for
helping patients move towards CDEs? Or even materials CDEs can use to bring to providers to
provide information on their services?

Dr. Fradkin: We have some excellent PSAs, but we have challenges getting airtime. So if anyone has
connections to local media, we would love to work with you and potentially co-brand with your local group.

Ms. Montalvo: The PSAs are all on the site in English and Spanish, so you can look there and see what's
available.

Dr. Albright: You can certainly modify or co-brand the materials, as they are copyright free, to help promote
your own programs.

Q: You mentioned the plethora of treatment options and the importance of better
communicating risks and benefits. Who should be talking to patients about this? How can
people decide whether to incorporate them into care?

Dr. Buse: Certainly, there are people who have written about drug safety, but the most important thing to
realize is epidemiological studies are question-raising, not question-answering in terms of safety. It's
something the NDEP can think about in terms of what areas to pursue in the future. However, it's important
to remember the FDA, not the CDC, takes on the role of monitoring drug safety.

Q: I am a podiatrist and have to talk to patients repeatedly about wearing good shoes and
checking their feet every day. I am currently doing a research project where patients can see a
pressure map of their foot, and have found that once patients can see this themselves they
start taking better care of their feet. I think we need to do more things like this project to
personalize the importance of foot care, and potentially generalize the message using these
materials.

Ms. Montalvo: I worked on a number of educational series for nurses and medical assistants and taught them
how to do the foot exam and the foot check. I like the concept that you are working on, but there are
opportunities along the way at every visit. When the patient already expects a foot exam, that's when you
know there has been progress.

Dr. Fradkin: We would be very happy to help you partner with us and potentially disseminate your research.
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Symposium: The Role of Pharmacology in Managing Prediabetes

LIFESTYLE CHANGES AND METFORMIN ARE ADEQUATE

Richard Hamman, MD, DrPH (University of Colorado Denver, Aurora, CO)

After reminding the audience that the 2012 Standard of Medical Care in Diabetes recommended lifestyle
intervention and metformin therapy to prevent or delay type 2 diabetes, Dr. Hamman argued that lifestyle
changes and metformin are adequate because they are effective, safe, (likely) effective in the real world, and
cost-effective or cost-saving. To support his argument, Dr. Hamman cited findings form the DPP, DPPOS,
and the Special Diabetes Program for Indians (SDPI). Dr. Hamman concluded his presentation by turning
the question back on the audience: "Are lifestyle changes and metformin adequate? What do you think?"

▪ Dr. Hamman argued that both lifestyle changes and metformin are efficacious. In the
DPP and DPPOS, lifestyle (n=910) and metformin (n=924) decreased the cumulative incidence of
diabetes over 10 years by 34% and 18%, respectively, compared to placebo (n=932). Interestingly,
Dr. Hamman said that 64% of metformin's preventative effect in the DPP was due to weight loss
(individuals on metformin lost approximately 2 kg [4.4 lb]). While lifestyle change led to greater
weight loss compared to both placebo and metformin at six months, after four years weight was
regained and was comparable to metformin. However, Dr. Hamman emphasized that even time-
limited interventions continue to work in the long term.

▪ After reviewing adverse events observed in the DPP, Dr. Hamman asserted that both
lifestyle changes and metformin were safe. Compared to placebo, differences in
hospitalization and deaths were non-significant. However, individuals on lifestyle intervention
presented with more musculoskeletal symptoms - myalgia, arthritis, or arthralgia - compared to
placebo (24.1 vs. 21.1 events per 100 person-years; p <0.0167). Individuals on metformin presented
with significantly more gastrointestinal symptoms - diarrhea, flatulence, nausea, or vomiting
compared to placebo (77.8 vs. 30.7 events per 100 person-years; p <0.0167).

▪ Dr. Hamman said lifestyle intervention works in the real world and proposed that
metformin probably does too, although the necessary translation and effectiveness
trials have not been done for the latter. He pointed to Special Diabetes Program for Indians
(SDPI) as an example of lifestyle intervention succeeding in the community. SDPI has 38 programs
serving 80 tribes across the US. The intervention resulted in improved weight, blood glucose, blood
pressure, and HDL-C levels.

▪ Based on 10-year cost-effectiveness data from the DPPOS, Dr. Hamman concluded
lifestyle intervention is cost-effective and metformin treatment is cost-saving. From a
health system perspective, individual lifestyle intervention cost $10,037/QALY compared to
placebo, group lifestyle intervention was cost saving, and metformin was cost saving. From a societal
perspective (which included direct non-medical costs and participant time), individual lifestyle
intervention cost $14,365/QALY compared to placebo, group lifestyle intervention cost $1,681/
QALY, and metformin was cost saving. To put these results in perspective, Dr. Hamman pointed to
mammography and cholesterol treatment, which cost $10,000-$60,000/QALY from a health
systems perspective.

WHO WILL PAY FOR PREVENTION?

Ronald T. Ackermann, MD, MPH (Northwestern University Feinberg School of Medicine,
Chicago, IL)

It is well-known that diabetes is both a quickly growing and very expensive epidemic. However, the
question of who will shoulder the burden of paying for treatment, or better yet, paying for prevention, is
difficult to answer. Setting aside concerns about who should or who can pay for prevention, Dr. Ackermann
aimed to figure out who will pay for prevention by providing a review of current spending on prevention by
individuals, employers, and payers. Dr. Ackermann suggested that individuals and employers are the most
likely to pay for prevention, given how much they are already spending. From our perspective, this is a
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difficult conversation - right now, there is a great deal of pressure to reduce healthcare related costs,
particularly related to therapy and technology. Reducing these costs has long-term effects that are
challenging to quantify; by the same token, the benefits of preventing diabetes are also challenging in
general to quantify, particularly since many people with pre-diabetes do not advance to diabetes. We
certainly believe that preventing diabetes will benefit society over the long-term and would like to see more
focus in this area, including a pre-diabetes pathway for therapy for those at highest risk and policy that
would encourage better diet and lifestyle for everyone affected by the obesity epidemic.

▪ Results from the Diabetes Prevention Program (DPP) indicate that for every 100 high-
risk adults over the age of 50 who undergo 3-year treatment, 15 new cases of type 2
diabetes are prevented and $91,400 are saved in health care costs.. Dr. Ackermann
asserted that addressing the diabetes burden must involve some component of primary prevention.
The best evidence for prevention effectiveness has focused on high-risk subgroups, which will
require new upfront resources.

▪ Will individuals pay out-of-pocket costs for prevention? Yes, but only if they are at risk
- and they will only pay so much. In one study, individuals who were told that they were at
≥15% risk for developing diabetes within three years were on average willing to pay for $3,190 over
three years for DPP intensive lifestyle intervention (ILS), and $2,380 for metformin. (Of course, how
much they will actually spend is not known.) Globally, 15.8 million individuals pay $647/year for
Weight Watchers and 17 million Americans without cardiovascular disease (CVD) spend $11-14/year
on aspirin for primary prevention, which Dr. Ackermann used as an indication that individuals are
willing to pay for weight management and CVD prevention (though not necessarily diabetes
prevention).

▪ Will employers pay for prevention? They already do. Some large employers (>200
employees) already pay for a variety of wellness programs, including gym membership discounts,
on-site exercise facilities, and smoking cessation programs. More than 53% are already paying for
weight-loss programs. 41% of large companies offer such wellness programs to improve the health of
their employees, in efforts to increase productivity and reduce absenteeism. In fact, 27% of large
firms incentivize employees to participate in weight management programs with monetary or
material rewards. 47% of small firms offer wellness programs, because their employees assume they
will be a part of their health plans.

▪ Will a public payer pay for prevention? Medicare does now, to some extent. Dr.
Ackermann described Medicare's Intensive Behavioral Therapy program for beneficiaries with BMI
≥30 kg/m . This program requires counseling via a primary care practitioner in a primary care2

setting, consisting of dietary nutritional assessments and intensive behavioral counseling/therapy to
promote sustained weight loss through high-intensity interventions on diet and exercise. Costs for
these visits amount to ~$525 in one year, which is more than what the DPP cost. Dr. Ackermann did
not comment on whether the government would be willing (or able) to implement this on a larger
scale, though we find that possibility increasingly unlikely given all the economic pressures at hand;
this is disturbing, since this is just making the future far more challenging, given that it is so
challenging to slow the epidemic..

Symposium: Beyond Insulin and A1c in the Management of Pediatric Type 1 and Type 2
Diabetes

EMPIRIC DATA ON DIABETES CARE IN EMERGING YOUNG ADULTS

Anne Peters, MD (University of Southern California, Los Angeles, CA)

Dr. Peters discussed the challenges in transitioning emerging adults with type 1 diabetes from pediatric to
adult healthcare providers. She included lack of communication between providers, difficulty
understanding the issues facing young adults, and lack of insurance as major issues in the transition, all
contributing to emerging adults' notoriously high A1cs. She concluded with solutions for rectifying these
issues, using USC's LEAP project as an example.
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▪ Differences between pediatric and adult healthcare present challenges for emerging
adults with type 1 diabetes. Youth often experience a "shock" transitioning to adult healthcare,
which Dr. Peters attributed to a variety of reasons, including: 1) Adult healthcare providers may be
unfamiliar with issues encountered by young adults, such as eating disorders or depression; 2)
While pediatric care may often be insured by state health insurance programs, coverage is dropped
upon the transition to an adult-oriented provider; 3) Poor communication often exists between the
pediatric and adult healthcare provider.

▪ Programs aimed at easing the transition for young adults with type 1 diabetes are
essential. As an example, Dr. Peters cited her LEAP program, which identified participants ages
19-25 with no healthcare or without help transitioning to an adult healthcare system. In comparison
to insured patients, participants at baseline had increased A1c values (11% vs. 9%), with over one-
third having an A1c of 14%. A curriculum was then created by LEAP to guide and educate those in
the "rescue group," in addition to care at a free clinic - results from this program are pending.

▪ In addition to programs like LEAP, Dr. Peters detailed other means to ease the
transition from pediatric to adult healthcare. Specifically, she called for improved
communication between healthcare providers to address each patient's individual needs, as well as
increased education on the issues faced by emerging adults, such as how to fill a prescription and
how to alter management when drinking alcoholic beverages and taking contraception.

Questions and Answers

Q: Who is going to pay us for programs like LEAP? I am a pediatric endocrinologist, and I do
not send patients away until they graduate from college. I get my patients coming back to me
because they can't find the same care.

A: We are increasingly documenting this problem. There needs to be some sort of way for people who care
about this problem to connect. We don't always know endocrinologists that we can connect our patients in
transition to. There need to be more programs that connect people to endocrinologists.

Q: Would we benefit by adding verbiage in the ADA catalog that says we are accepting patients
or patients in transition?

A: We had that discussion about 20 times and could not figure out how to make it granular enough. Not
everybody has young adults in their practice, so it became a problem. I do not know how, but I want to do this
because there are many states where I know an endocrinologist. We definitely need to figure that one out.

PEDIATRIC WORKFLOW, FUTURE STAFFING NEEDS, AND REIMBURSEMENT ISSUES

Lynne Levitsky, MD (Massachusetts General Hospital, Boston, MA)

Dr. Levitsky provided an overview of the findings and recommendations of the Diabetes Working Group
(DWG), which convened in September 2009 to examine shortcomings in diabetes reimbursement structures.
She began by providing an overview of how reimbursement structures for pediatric endocrinology
originated, noting that under these structures, the intense care given in diabetes practices is not adequately
reimbursed. She then described the DWG's activities, including an overview of its provider survey that
identified barriers to delivery of optimal diabetes care, its construction of a theoretical standards of care
delivery model, its use of provider panels to estimate the minimum (best-case) and maximum (base-case)
amount of time needed to adhere to the model's standards when treating a number of typically-treated
patients, and its calculation of reimbursement gaps for these scenarios. Notably, 63.5% of physicians who
took the group's survey identified patient compliance as a barrier to meeting diabetes standards of care.
Time with patients, compensation, team coordination, and training were also identified as major barriers.
Costs of care exceeded reimbursement in a large proportion of the typical care scenarios explored by the
group, illustrating the economic challenges associated with providing optimal diabetes care. In response to
these findings, the DWG has made recommendations regarding care management, payment reform, and
workforce supply in a white paper that it has disseminated and now hopes to publish.
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▪ A Diabetes Working Group comprised of key stakeholders in diabetes was convened in
September 2009 to address shortcomings in diabetes reimbursement structures. The
group did a comprehensive literature review, conducted a provider survey to identify barriers to
care, and constructed a theoretical standards of care delivery model that it tested with selected
provider groups.

◦ The provider survey was sent out through email or available online for members of the
ADA, the endocrine section of the AAP, the PES, ES, AACE, and AADE. Of physicians who
responded to the group's survey, 30% took care of children, 60% took care of adults, and
10% took care of both.

◦ The group based its theoretical Standards of Care model on common elements of good
diabetes care, including systemic monitoring, prevention efforts, monitoring and therapy,
treatment training, psychosocial services, and visit documentation and referrals.

◦ Panels of 3-10 diabetes care professionals estimated the amount of time needed to achieve
the described in the model when caring for several typical patients seen by diabetes care
providers for a year. Time estimates were made for both base cases (situations involving
scheduling complications, nonoptimal adherence, administrative delays, etc.) and best
cases (situations without delays, complications, and optimal patient/caretaker adherence).
Panels' time estimates were mapped into billing codes to compute expected composite
reimbursement. Provider costs of care were calculated by multiplying provider time
estimates by averages wages and overhead amounts for each provider type.
Reimbursement gaps for care of each of the typical patients were calculated from these
figures.

▪ A majority of physicians (63.5%) who took the provider survey identified patient
compliance as a barrier to meeting diabetes standards of care. Additional barriers
identified included time with patients, compensation, team coordination, training, patient finances,
lack of internal support, and insurance issues. Dr. Levitsky noted that time spent with patients and
adherence are closely related. Surveyed doctors spent a fair amount of time educating non-physician
providers and spent about 5-10 hours per week providing between visit care.

▪ Costs of care exceeded reimbursement in a large proportion of typical care scenarios
explored by the DWG, illustrating the economic challenges associated with providing
optimal diabetes care. Comparing provider costs and reimbursement for a year's care of a typical
ten year old on MDI suggested that providers could at baseline gain $243 for caring for this type of
patient in the best case, or lose $358 in a base-case scenario. If this child also received 2 CDE and 2
RD visits per year, providers could gain $67 in a best case scenario, but lose $829 in a base-case
scenario. For a 16-year old switching to CSII, providers could lose up to $1000. Given current costs
and reimbursement, the least providers could lose when adhering to standards of care with a
pediatric CSII patient was about $300. Over the course of a year, pediatric standard endocrine
practices with no CGM or CSII that adhered to care standards could in the best case make $95,575,
but in the base case lose $471, 098. Those with a CGM and CSII case mix could expect to gain
$19,040 annually in the best case, and lose $856,875 in a base case.

▪ In response to these findings, the DWG made recommendations regarding care
management, payment reform, and workforce supply in a white paper it has
disseminated and now hopes to publish. With regard to care management, it suggested that
care providers increase the use of shared decision-making with families, create strong teams to
implement the shared decision-making approach, and encourage increased patient self-
management, particularly through use of health technology tools. On the payment reform front, it
emphasized that the fee for service model doesn't work for diabetes care as it is currently set up and
that more appropriate models should be explored. Of particular interest are models that reward
providers for optimal care and add flexibility to account for variations in demographics, severity and
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comorbidities. Finally, the DWG recommended that the diabetes workforce be increased, as there
are not currently enough people to care for those with diabetes.

Questions and Answers

Q: Is this group going to keep on working on issues and is there going to be a plan to change
these recommendations depending on change in payments, insurance rules, regulations?

A: We are having a meeting tomorrow with that purpose. The paper is disseminated but we didn't publish it.
We need to do more than that. We have to feed this into some healthcare policy decision and I think the
Academy of Pediatrics may have some role. But unfortunately we are probably going to be tagtailing internists
because they can probably deal directly with Medicare, whereas we have the state to state problem. So the
answer is a very qualified yes.

Q: We are sort of at a potential turning pot with the Affordable Care Act and national
discussion on healthcare in the US. I wonder, you commented appropriately that pediatricians
weren't at the table when these discussions were happening. Are we doing anything now to be
at the table at this pivotal point in time?

A: I understand that the Academy is actually at the table. The problem is that the recent healthcare act, which
may or may not survive the Supreme Court, was a very badly designed bill where no single payor system was
built in, so we still don't have a single negotiating point.

Q: I want to put out a caveat. In North Carolina two years ago, state Medicaid worked to put in
a patient-centered medical home. The side effect was a deal with primary care folks to give
them 9% more money and take 9% from specialists. When we found out about this, we
suddenly found ourselves cut 9%. We are not getting through to politicians.

A: Right. I said a patient-centered diabetes home. I hope the ADA and the Endocrine Society lobby for that.
The consultant code was also recently lost for us and these are all problems. The shrinking pool of healthcare
dollars is now going to all the wrong places in the system. It is going to everyone but doctors basically. The
doctors are squabbling among themselves and fighting over scraps. Hospitals, health insurance companies,
and pharma smile and watch us fight. The question is how do we solve it.

Symposium: Management of Diabetes on Medical-Surgical Wards

NEW GUIDELINES FOR THE WARDS

Guillermo E. Umpierrez, MD (Emory University School of Medicine, Atlanta, GA)

According to the CDC, the number of hospital discharges with diabetes as any-listed diagnosis has increased
in the United States from 2.8 million to 5.5 million between 1988 and 2008 - given this statistic, Dr.
Umpierrez aimed to identify the best practices for recognition of hyperglycemia and diabetes in the hospital
setting as well as appropriate glycemic targets. His major guidelines for inpatient glycemic control included
more comprehensive assessment of diabetes risk, medical nutritional therapy, discontinuation of oral anti-
diabetic medications and sliding scale insulin, and systematic in-hospital hyperglycemic monitoring.

▪ Upon admission, Dr. Umpierrez strongly recommended assessing all inpatients for a
history of diabetes and blood glucose levels. Patients with no history of diabetes should
initiate point-of-care blood glucose monitoring according to clinical status, but individuals with
blood glucose of >140 mg/dl should have ongoing point-of-care testing and A1c measurement.
According to Dr. Umpierrez, an individual with A1c >6.5% or blood glucose >140 mg/dl can be
identified as having diabetes. For glycemic targets, he suggested aiming for a pre-meal blood glucose
of <140 mg/dl and random blood glucose of <180 mg/dl.

▪ Dr. Umpierrez described medical nutrition therapy (MNT), discontinuation of oral
anti-diabetic drugs, and elimination of sliding scale insulin as essential components of
a glycemic management program. Dr. Umpierrez noted that patients assigned to standardized
consistent carbohydrate meal plans showed reduced hypoglycemia and required less physician
oversight (Curll et al., Qual Safety Health Care 2010). Rather than oral anti-diabetic agents or
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sliding-scale insulin therapy, he recommended basal-bolus insulin therapy in the transition from
home to the hospital setting.

▪ Dr. Umpierrez recommended the implementation of a glycemic control program in
the hospital that would include a systematic approach to improve care of patients with
hyperglycemia. He also urged institutions to have a more uniform method of collecting and
evaluating point-of-care glycemic data, as well as more self-management education for patients with
diabetes.

Questions and Answers

Q: I'm interested in your guideline suggesting that people drop oral medications when going
onto insulin, which is not what we recommend in the UK. One of our problems is
micromanaging glycemic control, and we're reluctant to switch oral anti-diabetic drugs to
purely insulin.

A: There is no good data on either side of the Atlantic. Your data suggests that we continue oral anti-diabetic
drugs even without good data. Currently, we are embargoing data in which we have completed a couple of
studies with oral anti-diabetic drugs in the hospital. If we observe that there are no major complications with
continued oral anti-diabetic treatment, then we will support your guidelines.

Joint ADA/The Lancet Symposium

REGRESSION FROM PREDIABETES TO NORMAL GLUCOSE REGULATION IS ASSOCIATED
WITH LONG-TERM REDUCTION IN DIABETES RISK - RESULTS FROM THE DIABETES
PREVENTION PROGRAM OUTCOMES STUDY

Leigh Perreault, MD (University of Colorado, Aurora, CO)

In this analysis, Dr. Perreault examined the effects of regression from prediabetes to normal glucose
regulation (NGR) at least once in the DPP on the long-term diabetes risk in the DPP Outcomes Study
(DPPOS). DPP participants who did not progress to overt diabetes in the study were included in this
analysis (intensive lifestyle intervention [n=736]; metformin [n=647]; placebo [n=607]). Those who
achieved NGR at least once during the DPP had a 56% reduction in diabetes incidence over the course of the
DPPOS compared to those who never attained NGR during the DPP (p<0.0001). Specifically, participants
achieving NGR one, two, and three times in the DPP experienced diabetes risk reductions of 47.4%, 60.7%,
and 66.9% in the DPPOS. The benefit of achieving NGR during the DPP on diabetes risk was the same
irrespective of treatment. Interestingly, patients in the lifestyle intervention arm who did not achieve NGR
during the DPP had the highest risk of developing diabetes in the DPPOS. Factors associated with regression
to NGR in the DPPOS included the attainment of NGR in the DPP (OR=3.01), weight gain in the DPP
(OR=0.78), and several factors at the beginning of the DPPOS - BMI (OR=0.79), insulin sensitivity
(OR=1.16), and insulin response (OR=1.28). In conclusion, Dr. Perreault suggested that the significant long-
term reduction in diabetes risk with regression from prediabetes to NGR in the DPPOS supports a shift in
the standard of care to early and aggressive glucose-lowering treatment in patients at the highest risk.

Questions and Answers

Q: What are the macrovascular benefits of preventing diabetes?

A: In overt diabetes, the data from short-term studies supporting the notion that we can lower glucose to
prevent macrovascular complications is weak (the data from longer-term follow-up studies are stronger). If
glucose lowering does little for people with diabetes in terms of macrovascular complications, would it do
much in prediabetes? The answer is maybe. In PIPOD and ACT NOW studies, glucose lowering decreased
carotid IMT in people with prediabetes. Hard outcomes data from STOP-NIDDM showed that the risk of
developing cardiovascular disease was reduced by 49% over six years in patients with prediabetes on
acarbose. Why would you see glucose lowering be so much more effective in prediabetes as opposed to
diabetes? The answer is that trying to prevent cardiovascular disease in people who have a cardiovascular
disease equivalent is hard to do. I think it's reasonable to intervene earlier.
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Comment: One might expect that when lifestyle interventions get less intensive, it would be
harder for patients to keep it up. I wouldn't agree that it's counterintuitive that the lifestyle
patients are doing worse. I think you would expect them to do worse - it's hard to keep up
when they're not saturated with exercise trainers, psychologists, and everyone pushing them
on lifestyle issues.

A: The only group that was at higher risk was those who still had prediabetes through the DPP despite having
been on lifestyle. Patients in the lifestyle arm who were able to achieve NGR were not at higher risk. Could a
part of that have been non-compliance? It's certainly possible. But those groups were defined back in the DPP
and projected out. People definitely decreased compliance with exercise across the DPP and DPPOS, but the
weight regain still has yet to catch up with the placebo group.

EFFECTIVENESS OF QUALITY IMPROVEMENT STRATEGIES ON THE MANAGEMENT OF
DIABETES - SYSTEMATIC REVIEW AND META-ANALYSIS

Andrea Tricco, PhD (St. Michael's Hospital, Toronto, Canada)

Dr. Tricco presented results from a meta-analysis of 48 cluster randomized controlled trials (n=84,865) and
94 patient randomized control trials (n= 38,644) investigating the effectiveness of quality improvement (QI)
strategies on the management of diabetes. QI strategies significantly reduced A1c by 0.37% (95% CI:
0.28-0.45) from a median baseline A1c of 8%, LDL by 1.8 mg/dl (95% CI: 0.9-2.5), diastolic blood pressure
by 1.55 mm Hg (95% CI: 0.95-2.15), and systolic blood pressure by 3.13 mm Hg (95% CI: 2.19-4.06 mm Hg)
versus standard care. QI strategies generally had an even more pronounced clinical effect for patients with
baseline A1c above 8%. The best QI strategies for such individuals included team changes, patient education,
case management, and promotion of self-management. In contrast, the best QI strategies for individuals
with an A1c less than or equal to 8% were team changes, facilitated relay, electronic register of patients, and
patient reminders (definitions of these strategies can be found in Tricco et al., Lancet 2012). Overall, QI
strategies also significantly increased the likelihood that people with diabetes would receive renal, foot, or
retinopathy screenings. Dr. Tricco concluded that complex, expensive interventions that impact the entire
system of chronic disease management (e.g., team changes) are the most effective for high-risk individuals
while patient-mediated interventions (e.g., promotion of self-management) are useful for all individuals.

Interest Group Discussions: Diabetes in Youth - The Type 1 Diabetes Exchange

T1D EXCHANGE OVERVIEW: 25,000 OPPORTUNITIES, A FEW LIMITATIONS

Roy Beck, MD, PhD (Jaeb Center for Health Research, Tampa, FL) and Kellee Miller, MPH
(Jaeb Center for Health Research, Tampa, FL)

Dr. Roy Beck and Ms. Kellee Miller gave an overview of the T1D Exchange clinic registry, which as of June
2012 includes 25,900 patients and 67 clinical centers. We note that their presentations had less detail than
those we saw at ATTD 2012 (see pages 27-36 of our report at http://bit.ly/zEKWOB), though we
appreciated the refresher very much and salute the organization for doing so much to raise awareness of
problems associated with type 1 diabetes. Dr. Beck ran through much of the Exchange's data collection
procedures and basic demographics, and Ms. Miller followed with a review of A1c outcomes, and
participants' use of different therapies, and the strengths and limitations of the Exchange. On the latter, Dr.
Beck explained that the letter "A" was added to the talk's original title - "25,000 Opportunities, Few
Limitations" - to more accurately reflect the Exchange's limitations.

▪ As of June 2012, The T1D Exchange clinic registry includes 25,900 patients at 67
clinical centers across the United States. Some of the reasons it was created include
addressing pertinent clinical issues, conducting exploratory analyses, and identifying patients
interested in research studies. Of the 67 clinical centers, 37 treat pediatrics (55%), 12 treat adults
(18%), and 18 treat both (27%). Fifty-two of the clinical centers are at institutions (78%), 14 are in
the community setting (21%), and one is in managed care. Dr. Beck noted that the Exchange has
even been able to recruit centers in more remote locations like Montana, Idaho, and South Dakota.
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▪ The T1D Exchange has a wide age distribution, an even split between males (52%) and
females (48%), and a relatively high percentage of high-income families and non-
Hispanic whites. Registry members are 81% non-Hispanic whites, though the number of
minorities has increased over the past few months. Thirty-four percent of households reported an
annual household income over $100,000. Sixteen percent of T1D Exchange registry members
reported a first-degree family member with type 1 diabetes (defined as a parent, sibling, or child) -
during Q&A, this was seemed on the high side to session moderator Dr. Lori Laffel. The majority of
patients in the T1D Exchange have had diabetes for 1-10 years.

▪ Mean A1c is quite high in the exchange and exceeds 8% in almost every age group.
Mean A1c is higher in those with higher total daily insulin requirements.

<13 years 13-18 years 18-26 years 26-50 years >50 years

Mean

A1c

8.3% 8.7% 8.5% 7.8% 7.4%

▪ More frequent SMBG is associated with a better A1c regardless of age or method of
insulin delivery. Ms. Miller highlighted that self reported download rates of meters are very low:
just 2% in those 18-26 years and 4% overall.

▪ Rates of CGM use are "quite low" in the Exchange, while pump use is high in younger
age groups but tails off in adults. Across the board, only about 3% of T1D Exchange members
use CGM. Two thirds of T1D Exchange members <6 years use insulin pumps, which progressively
declines to about one-third in those >26 years. A1c is highest in patients on injections (8.7%),
slightly lower in patients on pumps (8.2%), and lowest in those on both a pump and CGM (7.7%).
Ms. Miller also pointed out that there are racial and income disparities in pump use, as a greater
percentage of high-income, non-Hispanic white patients are on a pump.

▪ The T1D Exchange's strengths include geographical spread, size, and a highly engaged
group of patients. The exchange has patients throughout the US, especially in less populated
states like North Dakota and Montana. The large size of the Exchange also enables subgroup
comparisons. Impressively, the whole thing has been built in less than two years and will finally
allow investigators to follow patients longitudinally. The T1D Exchange also has a readily accessible
population for clinical studies. About 75% of members have expressed interest and consented to be
contacted.

▪ The Exchange also has some key limitations: it may not accurately reflect the broader
population, it's difficult to answer causality questions, and data errors are possible.
With any voluntary data collection, selection bias is possible - Dr. Beck and Ms. Miller acknowledged
that they always consider this when designing studies and interpreting data. Additionally, the cross
sectional nature of the data makes questions of causality difficult. For instance, it's hard to assess
CGM use and severe hypoglycemia because it may not be clear which came first (some data is
collected with a date attached, while severe hypoglycemia data asks about the last 12 months).
Finally, Ms. Miller highlighted that data errors are possible. To mitigate the risk, the Exchange uses
duplicate data and has validation and warning messages. Quality control checks are also performed
on clinic data and queries can be sent if something looks suspect.

▪ Two-thirds of T1D Exchange data is obtained directly from participant's
questionnaires and one third comes from medical records/clinic databases. Data is
collected at enrollment and then annually. Dr. Beck emphasized that EHR don't exist in formats
good for research and often have "incredibly incomplete data" for things like severe hypoglycemia. A
broad spectrum of information is included in patient questionnaires: demographic data,
presentation and initial type of diabetes, severe events, insulin management, glucose monitoring,
general health and lifestyle information, and socioeconomic/education status.
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PEDIATRIC SAMPLE - 12,000+ STRONG

Joseph I. Wolfsdorf, (Children's Hospital Boston, Boston, MA)

Dr. Wolsdorf described treatment characteristics and rates of acute complications and morbidities in a
cohort of pediatric, adolescent, and young adult T1D Exchange participants (n=13,986). Members of the
cohort were 26 years or younger, had been diagnosed with diabetes when younger than 20, and had
diabetes duration of ≥1 year. Mean SMBG per day was highest in the two youngest age groups - both
participants younger than 6 and those between the ages of 6 and 12 reported a mean daily SMBG of 7; this
figure declined to 5 and 4 per day in the 13-19 and 20-26 year old groups. According to Dr. Wolsdorf, use of
CGM was "woefully small" in the cohort - only 3.6%, 3.0%, 2.0%, and 4.7% of those in the <6, 6-12, 13-19,
and 20-26 age groups, respectively, reported having used CGM in the last 30 days. Pump use was 43%,
54%, 52%, and 56% in the under 6, 6-12, 13-19, and 20-26 year old age groups, respectively. The percent of
participants reporting severe hypoglycemia within the past 12 months was lowest among 6-12 year olds
(4.6%), and highest among 20-26 year olds (8.4%). The percent of cohort participants meeting ADA A1c
targets declined with age group - 61% of participants younger than 6 met the ADA's age-specific goals,
while 44%, 21%, and 16% of those in the 6-12, 13-19, and 20-26 age groups did. Dr. Wolsdorf said that these
data suggest an urgent need for improved treatment methods that are acceptable, affordable, and
generalizable across the socioeconomic spectrum.

▪ Dr. Wolsdorf described treatment characteristics and rates of acute complications
and comorbidities in a cohort of pediatric, adolescent, and young adult T1d exchange
participants (n=13,986). Members of this cohort were younger than 26 and treated at 64
endocrinology/diabetes centers. They had been diagnosed with diabetes before age 20 and had a
diabetes duration of at least 1 year. 6% were younger than 6, while 37%, 46%, and 11% were 6-12,
13-19, and 20-<26 years old, respectively. 52% were male, while 48% were female. 80% of the
cohort's patients were white non-Hispanic, 10% were Hispanic/Latino, 5% were black non-Hispanic,
and 5% identified as "other."

▪ Mean SMBG per day was highest in the two youngest age groups, and according to Dr.
Wolsdorf, use of CGM was "woefully small" in the cohort. Both SMBG frequency and CGM
use data was self-reported. Those younger than 6 and those aged 6-12 both reported a mean daily
SMBG of 7; this figure declined to a mean of 5 and 4 per day in the 13-19 and 20-26 year old groups,
respectively. 3.6%, 3.0%, 2.0%, and 4.7% of those in the <6, 6-12, 13-19, and 20-<26 age groups,
respectively reported using CGM in the last 30 days. 17%, 13%, 10%, and 3% of those in the <6, 6-12,
13-19, and 20- <26 age groups, respectively had downloaded and reviewed their SMBG data at least
once in the last month. 43%, 32%, 22%, and 19% of those using CGM in the <6, 6-12, 13-19, and 20-
<26 age groups, respectively had done this with their CGM data in the last month. Pump use in the
cohort was 43%, 54%, 52%, and 56% among those in the <6, 6-12, 13-19, and 20-<26 age groups,
respectively.

▪ The percent of participants reporting severe hypoglycemia within the past 12 months
was lowest among those between 6 and 12 years of age (4.6%), and highest in the 20 to
<26 age group (8.4%). 7.0% of participants under 6 had had such an event in the last twelve
months, while only 5.8% of those 13-19 years old had. The proportion of participants with 1 or more
DKA event in the past 12 months was 9.4%, 6.7%, 11.0%, and 9.3% in the <6, 6-12, 13-19, and
20-<26 age groups, respectively. A large majority (83.6%) of the cohort did not have other
autoimmune diseases, while 13.0% had one, 3.1% had 2, and 0.3% had 3. The most common
comorbidities were hypothyroidism (10.1%) and Celiac's disease (5.5%).

▪ The percent of cohort members meeting ADA A1c targets declined with age group.
Individuals' mean A1cs over the past 12 months rather than a single A1c measurement were used to
determine whether they had met the ADA's targets. 61% of those under age 6 met the ADA's age-
specific goals, while 44%, 21%, and 16% of those in the 6-12, 13-19, and 20-<26 age groups did.
Within the cohort, A1c trajectories increased during adolescence, and then declined during young
adulthood. Throughout the period from ten to 25 years of age, females had significantly higher A1cs
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than males. Additionally, those diagnosed with diabetes at less than ten years of age had higher A1cs
than their counterparts diagnosed when older than ten.

▪ Dr. Wolsdorf said that these data suggest an urgent need for improved treatment
methods that are acceptable, affordable, and generalizable across the socioeconomic
spectrum. He said that although technological developments have led to improved glycemic
control and less severe hypoglycemia, the system of intensive management provided to subjects in
the DCCT (on whose results current therapeutic targets are based) is not generally available in
routine diabetes care, making achievement of therapeutic targets difficult and improved treatment
methods necessary.

ADULT SAMPLE WITH YOUTH-ONSET TYPE 1 DIABETES - LESSONS FOR THE YOUNG AND
OLDER

Ruth Weisenstock, MD, PhD (SUNY Upstate Medical University, Syracuse, NY)

Dr. Weisenstock presented information on glycemic control, diabetes management, and occurrence of
complications in adults (n=3,363) with youth onset diabetes using data from the Type 1 Diabetes Exchange
Registry. All subjects included in the analysis had been diagnosed with diabetes at less than 20 years of age
and were 26 or older. 57% were female, 91% were non-white Hispanic, 46% had been younger than 11 at the
time of diagnosis, and 67% were overweight or obese. SMBG, severe hypoglycemia, and DKA data used in
this analysis were self reported, while medication use, retinopathy treatment and renal disease data were
extracted from medical records. Mean BMI data was notably similar between younger and older adults in
the study. Meanwhile, total daily insulin requirement declined between the 26 to < 31, 31 to <50, ≥ 50 age
groups (hereafter referred to as groups 1, 2, and 3, respectively) and SMBG/day increased from younger to
older age groups in the cohort. While the percent of patients using pumps did not vary significantly among
the groups, 12% of subjects in group 1 used CGM vs. compared to 16% in both groups 2 and 3. Notably, even
if using pump therapy, a majority of patients in the cohort did not achieve an A1c of < 7.0% (as determined
by their most recent A1c test). Among adults who had experienced one or more severe hypoglycemic events
(seizure/coma) within the last 12 months, more had been diagnosed before six years of age than at ages 6 to
<11 or 11 to < 20. Interestingly, severe hypoglycemia rates in all age groups in this study were higher than
in the preceding youth study. Rates of heart disease, treated retinopathy, and nephropathy all increased
with diabetes duration.

▪ There is a paucity of data on glycemic control, diabetes management, and occurrence
of complications in adults with youth onset type 1 diabetes. This study examined these
topics, using data from the Type 1 Diabetes Exchange Registry. 3363 subjects older than 26 were
included in the analysis. All had been diagnosed with diabetes at less than 20 years of age.
Participants self reported frequency of SMBG, severe hypoglycemia, and DKA data, used in the
analysis, while medical record data was extracted for retinopathy treatment, medication use, and
renal disease. In terms of baseline characteristics, 57% of participants were female, 91% were white
non-Hispanic, and 46% had been younger than 11 at the time of diagnosis. 67% were overweight or
obese (defined as a BMI of ≥25 kg/m2). 22.3% were between 26 and 31 years of age, while 53.4%
were between 31 and 50, and 24.3% were 50 or older. 26 to < 31, 31 to < 50, and ≥ 50 age groups
Very few (n=27; 19.2%) participants had had diabetes for less than ten years. 30.7%, 25.8% and
23.4% of participants had had diabetes for 10 to < 20 years, 20 to < 30 years, 30 to < 40 years, and ≥
40 years, respectively.

▪ Mean BMI was similar between younger and older adults, but total daily insulin
requirement declined by age group. Specifically, mean BMI was 27.2 ± 4.9, 28.1± 5.6, and 27.5
±5.1 among in the age 26 to < 31, 31 to < 50, and ≥ 50 age groups, respectively. Hereafter, these
three age groups will be referred to as group 1, group 2, and group 3. Mean daily insulin dose
declined across the age groups, from 0.7 units/kg in group 1 to 0.6 units/kg in group 2 and 0.5
units/kg in group 33. Over twice as many participants 50 or older vs. those aged 26 to < 31 used ≤
0.5 units/kg of insulin. Fewer and fewer adults required more than 1 unit/kg insulin as they got
older.
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▪ SMBG/day increased from younger to older age groups in the cohort. Those in group 1
tested a mean of 5.1 ±2.9 times per day, compared to means of 5.4 ±2.8 times per day and 5.9 ± 2.7
times per day in groups 2 and 3, respectively. 12% of subjects in group 1 used CGM, compared to
16% in both groups 2 and 3. Pump use was 64%, 66%, and 63% in groups 1, 2, and 3, respectively.

▪ Even if using pump therapy, a majority of patients did not achieve an A1c of < 7.0% (as
determined by a patient's most recent A1c test) - only 28%, 26%, and 29% of pump users in
the 26-30, 31-49, and ≥ 50 age groups, respectively, achieved this target. Meanwhile, 48%, 30%, and
38% of CGM users (in groups 1, 2, and 3, respectively) achieved an A1c < 7.0%. Among non-pump
users, 22%, 27%, and 26% of those in groups 1, 2, and 3, respectively reached this A1c target,
compared to 23%, 26%, and 26% among group 1, 2, and 3 non-CGM users.

▪ Among adults who had experienced one or more severe hypoglycemic events (seizure/
coma) within the last 12 months, more had been diagnosed before age six (17%) than
at 6 to <11 (13%) or 11 to < 20 years of age (13%). Severe hypoglycemia rates increased with
age group, with 9%, 13%, and 18% of groups 1, 2, and 3, experiencing an event in the last year. Dr.
Weisenstock pointed out that these proportions are higher than those seen in the youth study
presented immediately before. She also emphasized that hypoglycemia is of particular concern in
older adults, who often have a longer duration of diabetes (her group has recently shown that
increased incidence of hypoglycemia is related to duration of diabetes) and who have comorbidities
that make severe hypoglycemia more dangerous.

▪ Not unexpectedly, rates of heart disease, retinopathy, and nephropathy all increased
with diabetes duration. Notably, among those with diabetes duration 30-39 years and ≥ 40
years, heart disease was more common in those who had been diagnosed between the ages of 11 and
20. Specific heart disease and treated retinopathy rates for the cohort are listed in the table below.
The percent of patients with end-stage renal disease vs. macroalbuminuria or microalbuminuria
steadily increased with diabetes duration. Dr. Weisenstock noted that future studies with the Type 1
Diabetes Exchange could help elucidate why, as seen in this study, some remain complication free
even while others develop complications after a short time.

Diabetes
Duration
(years)

< 20 years 20 to <30
years

30 to < 40
years

≥ 40 years

Heart
disease (%)

0 0 1 1 4 8 19 28

Treated for
retinopathy
(%)

7 5 15 13 35 33 49 49

Red text indicates diagnosis at <11 years of age; blue text indicates diagnosis at 11 to < 20 years of age.

GLU PATIENT PORTAL - USING SOCIAL MEDIA TO ENGAGE AND EMPOWER

Joyce Lee, MD (University of Michigan, Ann Arbor, MI)

Dr. Lee gave an introduction to Glu, the T1D Exchange's online social networking site for people with type 1
diabetes. The site (www.myglu.org) was launched on June 8 and currently has 1,106 users. (posted in real-
time at myglu.org/strength_in_numbers). Dr. Lee began her talk with a refreshing statement: diabetes
care focuses on numbers (A1c, blood glucose, blood pressure), but that gives a "fragmented and distorted
picture." She called Glu "the most unique and innovative" aspect of the T1D Exchange and believes that it is
the missing piece of the circle that includes the clinic registry and biobank. Dr. Lee showed examples of the
site's features that allow users to connect with each other, learn, and contribute to research. The "hands-on
opportunity to participate in research" includes the question of the day (e.g., "When do you test for blood or
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urine ketones"), the self-reported health record (not yet linked to the registry but it will be eventually), and
Glu U (direct participation in online studies). The diabetes online community is certainly not for the faint of
heart, though the Helmsley Charitable Trust has built what seems like a valuable resource for patients and
we'll be interested to follow it as it gets more widely publicized after ADA.

PANEL DISCUSSION

Panelists: Lori Laffel, MD (Joslin Diabetes Center, Boston, MA); Ruth Weinstock, MD, PhD
(SUNY Upstate Medical University, Syracuse, NY); Joseph Wolfsdorf, MB, BCh (Children
Hospital Boston, MA); Roy Beck, MD, PhD (Jaeb Center for Health Research, Tampa, FL);
Kellee Miller, MPH (Jaeb Center for Health Research, Tampa, FL); Joyce Lee, MD (University
of Michigan, Ann Arbor, MI)

Dr. Laffel: Fifteen percent of registry members are reporting a positive family history of type 1
diabetes in a first degree relative. We generally report about 1 in 20 or 1 in 10 at diagnosis.
Does that suggest a selection bias to participation?

Dr. Beck: A little bit. But remember that this isn't at diagnosis. Those who've had it for a long time have a lot
more opportunities to find that out.

Q: I was interested in the racial disparities in pump users. Has the T1D Exchange looked at this
discrepancy related to providers' preconceived notions about use of pumps? Or is it related to
insurance?

Ms. Miller: We are looking at a manuscript. We have adjusted for socioeconomic status and there are still
reasons for this beyond insurance, income, and education.

Dr. Beck: We have a poster on this. At our discussions yesterday, that issue of provider bias was brought up.
We haven't tried to assess that yet. Maybe that does have something to do with it too. Even when you get into
the higher income groups, African Americans with household incomes over $100,000, we still see some of
that same bias. My guess is it will be some combination of the two.

Dr. Laffel: As a reminder, tomorrow from 1-2 pm, there will be a series of T1D Exchange clinic registry poster
numbers 1374-1378.

Q: I'm intrigued by the concept of Glu. As an educator for 18 years, I agree, this is a missing
piece. What is the infrastructure? Who will be responsible for security issues and the potential
for industry to be in there lurking or posing as someone else?

Dr. Beck: This has been two years in the build. The main focus has been addressing issues you said. The site is
fully HIPPAA compliant. It's gone through complete penetration testing, which means that a company tries to
break in. The site passed that with flying colors. It's intended for patients and caregivers, but that doesn't
mean someone else couldn't come in. There is a use agreement that must be signed. I would say this is as
protected a website as exists on the Internet.

Q: Who is the long-term steward of Glu?

Dr. Beck: There is a T1D Exchange office in Boston that's been in existence for about a year. They are the
stewards of it and manage the website. We are hoping it's a success and will be a great resource to the
community. Also, as you are all potential users of it, we want feedback. It's a website that can only get better
over time.

Dr. Ragnar Hanas (Uddevalla Hospital, Uddevalla, Sweden): This is a very impressive amount
of data. Are you going to look at between center differences? And will you publicly name the
centers?

Dr. Beck: Yes, we are going to look at between center differences. This came up in our racial disparities
discussion yesterday. We will make that information available within the network. Beyond the network, in
terms of publicly identifying centers, we have not said that.
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Dr. Hanas: In Sweden, we have a national registry covering all 8,000 children. We opened that
up to the public and have only had positive experiences with that.

Dr. Beck: I would say with the Swedish registry, we're jealous. I wish we had that in this country. We're
struggling to do the great stuff you're doing.

Dr. Wolfsdorf: There are similarities and differences between European registries and ours. I'm not sure of
the details of those registries, but our registry is voluntary. We approach patients and families that come to
clinic, and not everyone volunteers to contribute. There is a selection bias. This has led us to think a lot about
how to determine if patients are representative of each clinic's patient population. In other countries, whether
you like it or not, data goes into the national registry.

Dr. Hanas: The Swedish registry is also voluntary. It started out in 1977, so all patients are used to saying yes.
Now, 99.9% say yes to participating.

Q: Who owns the data? How do you collect from more than 60 centers? Is it online through
Glu?

Dr. Beck: We think about data ownership on several levels. We think that if patients contribute the data, they
own their own data. When it comes to clinics, clinics have ownership of their data. The T1D Exchange office is
the steward of the data - how it's used and that it's done appropriately. There is also an opportunity coming
for other researchers to use the data and provide ideas for studies. On the second question, Glu will be open
for certain types of research studies.

Dr. Laffel: The centers treat a total of 150,000 patients. We've only got one-sixth of the patients at these
centers. The question is whether the other five-sixths of participants are similar?

Q: Have you thought about lifestyle factors - nutrition, exercise - and how they relate to
outcome?

Ms. Miller: We are designing a study to look at various nutrition factors. We hope to have a protocol and be
studying that soon. We do collect some data on exercise. We have yet to look at that.

Dr. Beck: We also have a quality of life team that includes Drs. Bill Polonsky and Barbara Anderson. We'll be
looking at that too.

Q: I have a question on the biobank part of it. Who is in charge of that? What samples are
collected and when are they collected?

Dr. Beck: We will have the University of Washington serve as the central lab. In terms of stocking the biobank,
it will be an objective oriented study - collecting samples for a reason. In one study we're doing right now,
we're getting samples from 1,000 patients looking at residual C-peptide and duration of type 1 diabetes and
age. We're less than four months in and we've already enrolled 400 patients in that. Samples need to be
collected for studies and it take a period of time to build up the biobank. That's how we're going to do it.

Q: Dr. Laffel: I'm wondering about the proportion of overweight and obesity. One-third in
pediatrics, two-thirds in the adult population. The SEARCH study is only six regions in the US,
while you have 67 centers across the country. It would be interesting to see if the proportion of
overweight/obese is regional or across the board. In other words, is it similar to the way the
country is distributed? If so, then it's where you live. But if it's uniform across the country,
then maybe it's a product of diabetes. Have you thought about overweight and obesity by
region?

Ms. Miller: We have not looked at anything by region, but it's on our long to do list.

Dr. Beck: The Exchange is also a research resource. In this study for 1,000 samples, we thought optimistically
it might take a year. At some clinics, patients were asked to give an email address for future studies. 75% did
that. We started pinging patients to see if they wanted to take part. It was remarkably successful. We're doing
a quality of life productivity study with the RAND Corporation and Dr. Anne Peters. We were wondering if the
T1D Exchange could be a resource. Our mindset, is always doing things through the clinics. But this was a
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questionnaire study that could be done online. That sets the stage for Glu. We had about 4,500 patients in the
registry that indicated they wanted to be contacted about research. We sent an email out to all of them to see
if they were interested. I actually wasn't optimistic that this approach would be useful. This was outside of
clinics and outside of doctors and nurses. In a week, they had 1,200 patients. A 25% response rate from one
email. We're going to send a second email and that will probably fill the rest of the spots. I would have been
happy with a 10% response rate. It shows the power of using the network for this study.

Product Theater

DYNAMIC THINKING FOR A DYNAMIC DISEASE: ADDRESSING THE PROGRESSIVE
NATURE OF T2DM (SPONSORED BY NOVO NORDISK)

Bruce Bode, MD (Emory University School of Medicine, Atlanta, GA)

Dr. Bode spoke on how type 2 diabetes is "an ever-changing disease, depending on what is happening to the
patient." He began with a high-level overview of the disease pathophysiology, emphasizing that the
progression to type 2 diabetes is due to the inability of beta cells to maintain insulin secretion. Dr. Bode
followed by reviewing how glucotoxicity and lipotoxicity occur in the early stages of the disease and impair
beta-cell death. Notably, mediating both conditions can reverse their effects and help restore normal insulin
secretion. Lastly, Dr. Bode discussed potential approaches to diabetes treatment, focusing first on possible
methods to prevent beta cell failure. Several studies indicate that using aggressive therapies in newly
diagnosed patients for a brief period of time can preserve beta cell function and reverse the progression to
diabetes. After addressing the new ADA/EASD position statement and its call for individualized treatment,
Dr. Bode noted that the general practice at his hospital is to quickly put diabetes patients on insulin therapy,
since normalizing glucose levels sooner gives patients a greater chance of achieving long-term euglycemia

▪ Dr. Bode gave a high-level overview of current concepts related to the pathophysiology
of type 2 diabetes Multiple core defects underlie the disease: insulin resistance triggers a
compensatory increase in insulin production (hyperinsulinemia), which promotes beta-cell
dysfunction. The result is a marked decline in insulin secretion and worsening hyperglycemia. Two
main initiators of this process are insulin resistance, which is influenced by genetic factors, obesity,
age, and smoking, and insulin deficiency, which is influence by genetic predisposition, glucotoxicity,
and lipotoxicity.

◦ Dr. Bode stressed that the progression from impaired glucose tolerance (IGT)
to type 2 diabetes is due to the inability of beta cells to produce insulin.
Referencing the work of noted endocrinologists Ralph DeFronzo, he reviewed how insulin
secretion increases with body weight, peaks at obesity, and then rapidly falls as obese
people develop IGT and diabetes. Dr. Bode noted that once a patient's fasting plasma
glucose levels rise above 120 mg/dl, insulin levels drop dramatically. Beyond 200 mg/dl,
there is such marked glucotoxicity that a patient is unable to produce additional insulin
(above basal levels) in response to glucose administration.

▪ Glucotoxicity and lipotoxicity occur early in the progression of type 2 diabetes and
impair beta cell function. Both trigger oxidative stress, which promotes beta cell dysfunction,
leading to the islet cell death and apoptosis that underlie type 2 diabetes. Dr. Bode emphasized that
treating glucotoxicity and lipotoxicity can reverse this toxic process and improve glycemic control.

◦ Glucotoxicity leads to the impairment of insulin secretion in response to
glucose and nonglucose stimuli. Specifically, chronic hyperglycemia promotes high
levels of oxidative stress, which decreases PDX-1 activity, leading to a decrease in
glucokinase activity and in insulin biosynthesis, both of which dampen insulin release.
Notably, data (Garvey et al., Diabetes, 1985) show that eliminating glucotoxicity results in
decreased hyperglycemia and increased postprandial insulin secretion.

◦ A major cause of insulin resistance is the constant elevation of free fatty acids
(FFA). While FFA are typically stored in the adipose tissue and triglycerides or used in
mitochondrial fatty acid oxidation, excess FFA accumulates in skeletal muscles and cardiac
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tissue. As demonstrated by diabetic fatty rats, FFA levels rise well before insulin
production begins to decline (Unger RH and Ora L., FASEB J, 2001). Within islet cells,
infusion of FFA inhibits insulin secretion in response to high glucose levels.

▪ In beginning his discussion of diabetes therapy, Dr. Bode considered potential
methods for preventing beta cell failure. In vitro studies indicate that the ability of cultured
beta cells to recover their full function depends on the duration of antecedent glucose exposure,
which underscores the need to quickly normalize blood sugar levels in diabetes patients. In the
Finnish diabetes prevention study and the U.S. DPP study, diet and exercise led to a 58% reduction
in the progression to diabetes over three years. Metformin had a similar effect, to a lesser degree.

◦ Several studies show that early and aggressive treatment led to beta cell
preservation and more durable glycemic control. To Dr. Bode, the most robust
data comes from China (Li Y et al., Diabetes Care, 2004 and Weng I et al., Lancet, 2008)
and show that brief yet intensive insulin therapy in newly diagnosed patients can maintain
beta cell function and render people long-term euglycemic.

▪ The current trend in diabetes treatment involves earlier and more aggressive
methods. Dr. Bode gave a brief review of the new ADA/EASD guidelines, which emphasize an
individualized approach and suggest metformin as first-line treatment, followed by combination
therapies (metformin with TZD, sulfonylureas, DPP-4 inhibitors, GLP-1 agonists, or insulin) and
finally insulin treatment (for detailed coverage of the new ADA/EASD position statement and our
analysis, please see our report at http://www.closeconcerns.com/knowledgebase/r/4d95e564). The
general practice at Dr. Bode's hospital is to quickly put diabetes patients on insulin therapy, since
normalizing glucose levels sooner gives patients a greater chance of achieving long-term euglycemia.
Dr. Bode ended by noting that treatment approaches should be individualized based on a multitude
of factors.

Questions and Answers

Q: You spoke about the aggressive management of type 2 diabetes in newly diagnosed patients.
What was the typical C peptide level in these patients?

A: I'm not sure what the exact C peptide levels were but they were high. If you look at type 2 patients that are
poorly controlled, they make lots of C peptide. And they make large amounts of pro insulin but not of free
insulin. Patients make high levels of basal insulin due to hyperinsulinemia but they don't produce insulin in
response to a meal. So if you resolve the glucotoxicity and lipotoxicity, then patients start to produce insulin
along with the meal and you can return the patients back to euglycemia.

Q: Regarding the use of aggressive insulin therapy, how long does the prevention of type 2
diabetes last and what is the selection criteria for these patients? I'm wondering if you are just
creating a honeymoon period in diabetes by using the technique.

A: In these studies performed in China, the investigators used insulin aggressively for only two weeks and
then just sent the patients home with no treatment. They had a 50% remission rate over the first year. We
have seen this: you put patients with new onset diabetes on insulin therapy and they go on a honeymoon from
diabetes. The treatment needs to be at least two weeks because they need to have euglycemia for at least two
weeks to get the effect. Regarding how long the effect lasts - the Chinese study showed that 50% maintained
the results for one year while 50% relapsed back to diabetes. It helps if patients improve their diet and
exercise. After this treatment, they respond phenomenally well to any oral antidiabetic agent. You can take
people who never responded to sulfonylureas and now they get hypoglycemia when you give them the drug.

Q: Once blood sugar reaches 200 mg/dl, is it that no insulin is being secreted or that no
additional insulin is being secreted?

A: I meant that once blood sugar levels rise above 200 mg/dl, there is no additional insulin secretion above
baseline levels. So patients don't make any additional insulin to cover a meal, but they still make baseline
insulin due to hyperinsulinemia.
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Private Event: 3rd Annual T1D Exchange ADA Reception (Sponsored by Helmsley Charitable
Trust)

THE T1D EXCHANGE

Dana Ball, Chief Executive Officer, T1D Exchange, Boston, MA

In 2010, we reported on the formation of the T1D Exchange (http://www.closeconcerns.com/
knowledgebase/r/6bedfb38) with much fanfare and some very ambitious goals. In only two years, many of
these goals have been realized in spectacularly. The three key elements (registry, biobank, and web based
community) have been developed and created and are doing well. Dana Ball, formerly at the Helmsley
Trust has very recently moved on board to become the CEO of the T1D Exchange.

▪ The T1D Exchange has come a very long way in two short years. From just a grant and a
concept in 2010, it has culminated in an enormous registry, a biobank and a patient portal in 2012.
The mission of T1D Exchange is to improve outcomes and accelerate new therapies through a
collaborative data collection network. Three key goals were set out at the beginning - to create a
registry of people with type 1 diabetes, to set up a biobank, and to build a patient community.

▪ (Goal 1) T1D Exchange has established a registry of 67 clinics in the USA, and has
enrolled over 26,000 patients as of June 1 , 2012.

▪ (Goal 2) A biorepository has been established to centralize and preserve biological
samples. Research projects are being developed to take advantage of the biobank. An
example would be the recent residual C-peptide study - 377 patients have been enrolled to date, and
samples have been stored for future use.

▪ (Goal 3) www.myglu.org (glu) is the web-based patient and caregiver community that
was soft launched very recently. Glu was developed with great care. It has all the functionality
of Facebook, but it's built on sensitive data collection technology. Some of the differentiators of glu
include Question of the Day, and health records that can be accessed via a mobile device.

▪ Moving forward, the goal is to grow the organization to sustain the T1D Exchange in
perpetuity, and create systems and processes to provide stakeholders the ability to share data,
samples and resources.

PARTICIPANTS IN THE T1D EXCHANGE

Roy W. Beck, MD, PhD (Jaeb Center for Health Research, Tampa, FL)

Dr. Beck has done an incredible job in helping create the exchange and manage the data. He noted that
there is now so much data that we could spend an entire day discussing the results.

▪ The 67 clinics in the T1D Exchange follow 150,000 patients with type 1 diabetes. Since
there are >25,000 patients in the registry, there is a good percentage represented. The centers are
distributed quite well around the country. Patients range from <1 year to >90 years in age (with over
1,000 <6 years and >10,000 adults over 25). Type 1 durations also cover a wide range. Over 1,000
patients have duration over 40 years, although the majority are under 20 years of duration.

▪ Despite the popular view that patients with type 1 are thin and people with type 2 are
obese, the type 1s in the T1D Exchange mirror the general population. More than 65% of
over 26 year olds are overweight or obese. 30%-42% of the under 26 age group are overweight or
obese, depending on age group.

▪ About 50% of participants use a pump, and 14% of adults over 26 years use CGM.
Surprisingly, only about 3% of the under 26 age group uses CGM.

▪ There is a strong interest in participating in future studies. About 75% provided their
email address for follow up. An invitation email to 4,838 patients for the Patient Centered Diabetes
Outcome Study had a 23% response rate for electronically signed consent to participate.
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A1C OUTCOMES

Richard Bergenstal, MD (International Diabetes Center, Minneapolis, Minnesota, USA)

Dr. Bergenstal summarized some valuable perspectives on pumping and CGM - we share a little of this
below.

▪ A1c data in the T1D Exchange is not as good as we might like it to be. Participants under
26 years had A1c ~8.3%, and adults over 26 had A1c around 7.6%.

▪ Pumpers had lower A1cs than injectors, regardless of age group. A1c is 0.2% to 0.8%
lower depending on age group - the advantage of the pump is greater with younger patients.

▪ A1c is about 1% higher for black participants than Caucasians. Hispanics had roughly the
same A1cs as Caucasians. This gap between blacks and Caucasians is an area of significant concern.
In the Exchange, it is not thought to be solely related to socio-economic conditions.

▪ Use of CGM reduces A1c by 0.6% for children and 0.7% for adults. A1c decreases
consistently with the number of SMBG tests/day. The implication is that frequent fingerstick
testing does result in better controlled diabetes. Average A1c for adult patients who test more than
10 times a day is 7.1%. A1c for those who test 0-2 times/day is 8.9%. For children, >10 tests/day is
associated with an A1c of 7.8%, and 0-2 times/day with an A1c of 10.0%. It seems that extra testing
is particularly valuable in kids.

SEVERE HYPOGLYCEMIA, DIABETIC KETOACIDOSIS

William Tamborlane, MD (Yale University School of Medicine, New Haven, CT)

Dr. Tamborlane's talk reinforced the absolute importance of an artificial pancreas - the severe
hypoglycemia and DKA data was indeed unsettling.

▪ The rates of severe hypoglycemia are still too high. Severe hypoglycemia is defined as one or
more events of seizure or loss of consciousness in the past 12 months (which is a much tighter
definition than DCCT for example). About 5% of children, 7% of young adults (18-26), 11% of adults
(26-50) and 14% of over 50s experienced severe hypoglycemia in the last 12 months. The longer the
duration of diabetes, the more likely we were to observe hypoglycemia. Those patients with over 40
years duration had ~20% severe hypoglycemia. There is no difference in hypoglycemia between
pump users and injectors.

▪ Surprisingly, severe hypoglycemia does not vary much with A1c. We do not observe the
exponential relationship we saw with the DCCT (low A1cs, higher hypoglycemia). In other words,
patients who achieve low A1c can do so safely. But conversely, letting A1c go higher does not protect
a patient from hypoglycemia.

▪ Diabetic ketoacidosis (DKA), while thought to be more rare, has roughly the same
rates as hypoglycemia - roughly 10% per year in adolescents and young adults. But DKA
shows a strong correlation with increasing A1c - reaching 26% for people with A1c >11%. DKA is
more common in injectors than pumpers.

STRATEGIC ALLIANCES FOR THE T1D EXCHANGE

Imran Nasrullah, MS, JD, CLP (Head of Strategic Alliances, T1D Exchange, Boston, MA)

Imran Nasrullah joined the T1D Exchange recently and we believe he will be able to drive some remarkable
relationships moving forward.

▪ Strategic alliances are an important tool for using the information generated by the
T1D Exchange to improve outcomes and accelerate new therapies. The concept is to
'derisk' the difficult process of taking an idea from inspiration to commercialization. For example,
the biobank could test human samples, rather than use animal models, the clinical network could
stratify patients and recruit them for trials, and glu could follow how patients were doing.
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▪ The T1D Exchange would act as a concierge, leveraging its influence and data to help
corporate partners, government, academia and patient drive foundations.

Prediction, Prevention, Lifestyle, and Education

Oral Session: Diabetes Prevention and Lifestyle Risk Factors

THE IMPACT OF LIFESTYLE INTERVENTION ON ALL-CAUSE AND CARDIOVASCULAR
MORTALITY IN ADULTS WITH IMPAIRED GLUCOSE TOLERANCE: 23-YEAR FOLLOW UP
OF THE DA QING DIABETES PREVENTION STUDY (147-OR)

Guangwei Li, MD (China-Japan Friendship Hospital, Beijing, China)

The Da Qing diabetes prevention study is a landmark study of 577 adults with IGT in China who were
randomly assigned to standard care or one of three lifestyle intervention groups: diet, exercise, or diet plus
exercise. There were 136 controls and 441 patients in the intervention group. Twenty-three years after
randomization, study participants were traced to determine the long-term effects of the treatment. There
was an impressive 94% response rate from the original study. There was a significant reduction in all-cause
mortality in the intervention arm (16.2%) compared to the control arm (29.3%) in women (reduction of
53%, HR=0.47), but there was no statistically significant effect in men. To explain this effect, Dr. Li
stipulated that women may have maintained their adherence to lifestyle intervention after the active
intervention more than men. In particular, he noted that there were fewer female smokers, indicating a
potentially healthier lifestyle overall and a greater predisposition to continue the healthy changes from the
study.

▪ The Da Qing diabetes prevention study is a landmark study of 577 adults with IGT in
China who were randomly assigned to standard care or one of three lifestyle
intervention groups: diet, exercise, and diet plus exercise. 110,660 patients were screened,
577 were found to have IGT. There were 136 controls and 441 patients in the intervention group.
There was a significant reduction in the rate of diabetes in both women and men in the intervention
groups compared to the control group.

▪ Twenty-three years after randomization, study participants were traced to determine
the long-term effects of the treatment. There was a 94% response rate from the original study.
Mortality rates were compared and divided into subgroups by gender. Time-to-event analyses used
an intent-to-treat analysis.

▪ There was a significant reduction in all-cause mortality in the intervention arm
(16.2%) compared to the control arm (29.3%) in women (reduction of 53%, HR=0.47),
but there was no statistically significant effect in men. The effect in women was dominated
by a reduced risk of CVD mortality (heart disease and stroke) (HR=0.30). In men, all-cause
mortality was 41.1% in the control arm and 46.7% in the intervention arm, while CVD mortality was
26.4% and 27.4%, respectively.

▪ Dr. Li suggested reasons for this gender difference. He stipulated that women may have
maintained their adherence to lifestyle intervention after the active intervention more than men.
There was also a greater proportion of smokers in the men at baseline, which could be a
confounding factor. However, he acknowledged that the reason for the gender disparity remains
unclear.

Questions and Answers

Q: Did you have the chance to stratify by when women did develop diabetes?

A: I agree this is important, but the women's group was very small. So we could not find a significant
difference there.

Q: I'd like to follow up on the impact of smoking. If this made a difference, what about the men
who were non-smokers? Was there a difference between smokers and non-smokers?
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A: In the whole study group, we confirmed that the smoking group had a 40% death, while non-smoking
group had 20%. If we separate them by intervention, you still have double mortality in the smokers vs. non-
smokers. This is taking into account other factors like BMI, CV disease, age, and other factors.

Q: Could the long-term effect of the prevention be different for the men from the women so
that men came back in bad shape from lifestyle compared to women?

A: Yes that is a very important question. In the long-term follow-up we didn't find the same difference that we
found in the short-term study. I think the smoking is a marker for a bad lifestyle in general.

Q: How are smoking rates for women and men changing in China?

A: In China in the last few years the men are still smoking, and more women are smoking.

Special Lectures and Addresses: President, Health Care & Education Address and Outstanding
Educator in Diabetes Award Lecture

PRESIDENT, HEALTH CARE & EDUCATION ADDRESS - DIABETES: A HEALTH TSUNAMI

Geralyn Spollett, MSN, ANP-CS, CDE (Yale School of Medicine, New Haven, CT)

Ms. Spollett, President, Health Care & Education of the ADA gave a rousing and inspirational speech calling
those in attendance to raise the alarm about the diabetes epidemic. She began by telling the large audience
that "in the 25 minutes I speak to you, 80 people will be diagnosed with diabetes…one person every 17
seconds." She asked those in attendance to fight the emotion-dampening effect of "number blindness" and to
see numbers like 380 million, the number of people in the world expected to have diabetes in 2025, with new
eyes. She discussed the "two nightmares" she's been having recently: (1) lines and lines of people with
diabetes hampered by paperwork, tests, and automated phone calls and (2) individuals with diabetes living
in Sub-Saharan Africa who receive only enough insulin to barely keep them alive. Ms. Spollett described the
growing diabetes epidemic as a tsunami, made up of chronological "waves" - obesity, hyperglycemia, and
economic issues. These waves will end millions of lives early; further reduce quality of life; and negatively
impact the economy. She outlined three steps to survive this tsunami: (1) 'raise the alarm' (increase
awareness of the severity of the diabetes epidemic); (2) 'begin preparation' (increase support for primary
care physicians, train more CDEs and endocrinologists, and increase diabetes research); and (3) 'take to
higher ground' (educate the general public because major change begins from the bottom up). She ended by
describing her dream that the National Diabetes Prevention Plan is seen as important for all of our citizens.
In her view, "change must start here, it must start with us". To this point, Ms. Spollett received a standing
ovation.

▪ The first wave of the tsunami is obesity, which is rising rapidly. Ms. Spollett described
obesity as the "undercurrent of diabetes" and one of the major causes of the diabetes epidemic.
Citing the World Health Organization, she said that currently, 2.8 million people per year die
worldwide due to being overweight or obese. Obesity is highly prevalent in North America (>30%),
followed by the Middle East and South Africa.

▪ The second wave is hyperglycemia, a trend that closely follows obesity. Diabetes rates are
rising rapidly and show no sign of abatement. Ms. Spollett reminded the audience that in 2010, an
estimated 285 million people worldwide had diabetes. Down the road, some models predict that in
2030, 438 million people around the globe will have diabetes, comprising 8% of the adult
population. Africa is expected to see the greatest increase (98%) over this time period.

▪ The third wave is the economic tsunami; rising diabetes rates will have a serious
negative impact on national GNP. Ms. Spollett predicted that the diabetes epidemic will result
in significant financial distress, and its effects will be felt across numerous geographies. Healthcare
costs will soar and small businesses will bear the burden as they pay the cost of increasing insurance
premiums. Additionally, since diabetes rates are expected to spike in people ages 40-59 years - one
of the most productive groups in our economy - this will negatively impact GNP. One model
anticipates that in 2025, the annual medical and societal costs due to diabetes will increase by 72%
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to a total of $514 billion (this contrasted with Dr. Fonseca's estimate of $192 billion in 2020, which
presumably was in the US alone).

▪ The increased case-load will also put a higher burden on the primary care health
system. The ADA is aware of this and held a symposium for the first time dedicated to primary
care, called "Diabetes is Primary." As the demand for primary care doctors increases, Ms. Spollet
believes there will likely be fewer specialists like endocrinologists.

▪ Someone needs to 'ring the alarm' and convince society that diabetes is a serious
disease with personal and societal consequences. In Ms. Spollett's view, society generally
views diabetes as something that is only about "don't eat that sugar and take your shots everyday."
In one focus group study, cancer and heart disease were ranked as being an eight to nine out of ten
(where ten is an extremely serious disease), but on average, people rated diabetes a four or five. If
Ms. Spollett were to win the lottery, she would put up billboards across the country saying, "Diabetes
Kills More Americans Each Year Than Breast Cancer and AIDS Combined: Take Diabetes Seriously."
To try and change society's attitude towards diabetes, the ADA has launched its "Stop Diabetes
Movement." In August, the Association will debut a new interactive program online to try to educate
the public on the true severity of diabetes.

▪ On the research side, the ADA launched the Pathway Campaign to raise money and
encourage young researchers to enter the diabetes field. Ms. Spollet also discussed the importance of
translational research as a guide to inform future decision-making.

▪ While the number of CDEs has been growing (from ~13,000 in 2006 to 17,441 in
January 2012), there are still not enough to meet demand - currently, there is one CDE for
every 1,400 people with diabetes. Ms. Spollett said that attempts are being made to improve
diabetes education strategies. The University Medical Center of Pittsburgh (with funding from the
Department of Defense) has begun a data repository (called Chronicle Diabetes) for diabetes
education.

▪ The final strategy to survive the tsunami is to 'take to the high ground' and create a
grassroots movement for change. Ms. Spollett emphasized that major change is typically
driven from the bottom up by an informed and assertive public. She called on members of the
audience to continue educating the public about diabetes and to show those outside the diabetes
community that we are all stakeholders in our health care system.

OUTSTANDING EDUCATOR IN DIABETES AWARD LECTURE - DEFINING MOMENTS

Robin Nwankwo, MPH, RD, CDE (University of Michigan, Ann Arbor, MI)

Robin Nwankwo delivered a heart-felt presentation imparting the lessons she has learned about being a
diabetes educator. She began her talk remembering the pivotal moment in her life that redefined her own
path in this field. When her mother passed away due to lactic acidosis from metformin treatment, Ms.
Nwanko questioned her own role as a diabetes educator, since she didn't know about metformin's
contraindication in people over the age of 80, or recognize the symptoms of lactic acidosis early enough that
potentially could have saved her mother's life. She wondered if she was doing the people she worked with a
disservice because she could not solve her own mother's case. In these challenging times, her mentors
reminded her that grief makes us reflect and dig deep to discern our motivations. During this reflective
period, Ms. Nwanko developed a new sensitivity for patients struggling with disability, and has since
worked effortlessly to break down barriers that prevent people with type 2 diabetes from receiving proper
care. "Patients are willing to be fully engaged if barriers are reduced" - something she has seen in each of
her community-based research studies. She reminded the audience of the importance of creating a
supportive environment for people with type 2 diabetes and cautioned against underestimating the value of
having an understanding, supportive relationship with the people one cares for. Knowing that her work has
touched individuals who have in turn gone on to touch others, Ms. Nwanko emphasized that "even if what
we do may seem like a drop in the bucket, it has a rippling effect." She asked for diabetes educators to
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consider their impact and constantly define and redefine their roles. Nwankwo concluded, "I am grateful to
be a diabetes educator." Indeed, so are we grateful for all of Ms. Nwankwo's valuable work.

Symposium: Treatment and Clinical Course of Recent-Onset Type 2 Diabetes in Youth - Data
from the TODAY trial

INTRODUCTION

Griffin P. Rodgers, MD (National Institute of Diabetes and Digestive and Kidney Diseases,
Bethesda, MD)

Dr. Rodgers set the stage for presentation of TODAY's results by describing what other studies have or are
elucidating about type 2 diabetes in youth. As obesity has increased in the last three decades, he said,
diseases that were previously seen only in adults (such as type 2 diabetes) have risen in children. The
SEARCH for Diabetes in Youth Study collected national population data on the incidence of type 1 and type
2 diabetes in about five million children in six regions. Notably, data from this study demonstrated that
youth from various race and ethnic groups disproportionately contributed to new onset diagnoses and that
the burden of poor glycemic control of type 2 diabetes in youth is not uniform - this disproportionate burden
was an important consideration in design of the TODAY trial. The HEALTHY study, whose results were
presented at last year's ADA, then investigated whether school-based interventions could reduce risk factors
for type 2 diabetes. The study did not reach its primary outcome, but its intervention did result in a
substantial decrease in individuals who were obese and overweight at the beginning of the sixth grade.
Meanwhile, an intramural program in Phoenix, AZ among Pima Indians demonstrated that risk factors for
diabetes may begin in the intrauterine environment and the 2007 HAPO trial showed that serious
pregnancy complications occurred at much lower levels of hyperglycemia than previously thought. The
LIFE Moms trial is now examining whether lifestyle interventions during pregnancy could have positive
benefits and a HAPO follow-up study is looking at whether maternal glucose levels have long-term effects
on metabolic outcomes.

OUTCOMES, INTERPRETATION, AND IMPLICATIONS OF THE TODAY TRIAL

Philip Zeitler, MD, PhD (University of Colorado School of Medicine, Denver, Colorado)

Dr. Zeitler presented a comprehensive overview of the rationale, design, results, and implications of the
TODAY trial, which investigated whether early initiation of metformin combination therapy in overweight
youth with recent-onset type 2 diabetes is more effective in promoting sustained glycemic control than
metformin monotherapy. During the study follow-up period of two to six years, metformin/rosiglitazone
combination therapy provided a lower rate of treatment failure (38.6%) compared to metformin with
lifestyle intervention (46.6%) and metformin alone (51.7%). While lifestyle intervention provided reductions
in weight, the effect was transient and did not translate into prolonged glycemic control. The study
indicates that metformin monotherapy is inadequate for approximately half of youth with type 2 diabetes
and that the early addition of a second antidiabetes agent is likely required. For more information on the
TODAY trial, please see our May 3, 2012 Closer Look at http://www.closeconcerns.com/knowledgebase/r/
c9650339.

▪ The TODAY trial was motivated in part by the recent substantial increase in the rates
of diagnosis of type 2 diabetes in children aged <18 years. Youth onset type 2 diabetes now
represents a significant percentage of new cases, ranging from 14% in non-Hispanic whites to 86%
in American Indians. Dr. Zeitler also noted the current dearth of published large-scale studies in
youth and underscored the need to investigate complications caused by the synergy between puberty
and insulin resistance. Children with insulin resistance might be at a different disease stage than
adults with beta cell dysfunction and there could be opportunity to restore insulin secretion in this
patient population.

▪ The 15-center study randomized 699 overweight youth recently diagnosed with type 2
diabetes to metformin monotherapy or metformin in combination with rosiglitazone
or lifestyle intervention. The participants were followed for two to six years and the primary
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endpoint was time to treatment failure, defined in two ways: 1) A1c ≥ 8% for at least 165 days or A1c
>10% at the study end; or 2) inability to wean the participant from temporary insulin therapy
following metabolic decompensation. The study cohort was 65% female and had an average age of 14
years, disease duration of 7.8 months, BMI of 34.9 kg/m , and A1c of 6.0%.2

▪ Combination metformin/rosiglitazone treatment provided a significantly lower rate of
treatment failure (38.6%) than metformin alone (51.7%) and the failure rate of
metformin plus lifestyle intervention (46.6%) did not differ significantly from either
of the other two groups. The median time to failure and the mean A1c in participants who failed
treatment did not differ among groups. Metformin plus lifestyle intervention provided greater
weight loss than metformin monotherapy at six months, but not at 24 months. Throughout the
study, participants on rosiglitazone had significantly greater body weight than their counterparts in
the other two groups.

▪ Overall failure rates were significantly higher among boys (48.2%) than girls (44.3%).
In addition, the occurrence of treatment failure was highest in non-Hispanic blacks (52.9%),
followed by Hispanics (44.8%), American Indians (39.0%), and non-Hispanic whites (36.9%). Dr.
Zeitler noted that metformin monotherapy was much less effective in non-Hispanic blacks
compared to other racial-ethnic groups.

▪ Dr. Zeitler concluded by providing five implications of the TODAY trial: 1) metformin
monotherapy is not effective in half of youth with type 2 diabetes; 2) early addition of a second agent
may be required; 3) the role of intensive lifestyle intervention in youth with type 2 diabetes remains
uncertain; 4) nearly half of youth maintain long-term control irrespective of treatment and further
investigation is needed to identify ways to predict responders; and 5) gender and racial-ethnic
differences suggest the need for individualized therapy.

INSULIN SENSITIVITY AND SECRETION OVER TIME IN YOUTH IN THE TODAY TRIAL

Sonia Caprio, MD (Yale University, New Haven, Connecticut)

One of the TODAY trial's major goals was to assess whether combined pharmacologic treatment with
metformin + rosiglitazone could slow the rate of beta cell functional decline relative to metformin alone or
metformin + lifestyle. A sample of 674 youth who had been randomized in the TODAY trial were used in this
part of the analysis. They were given both a baseline OGTT and a follow-up OGTT. Insulin sensitivity, an
insulinogenic index, and an oral disposition index (oDI) were then calculated up to 48 months. A significant
increase in insulin sensitivity in the metformin + rosiglitazone group vs. the study's other two arms was
observed over the first six months post-baseline. Additionally, metformin + rosiglitazone therapy stabilized
beta cell function at six months as measured by the oDI. In contrast, metformin alone and metformin +
lifestyle had no significant effect on either insulin sensitivity or beta cell adaptation. Notably, the rate of
decline in beta cell function in the metformin + rosiglitazone group was slower than in the study's other two
arms. Dr. Caprio argued that the favorable changes in beta cell function relative to insulin sensitivity seen
with metformin + rosiglitazone treatment are responsible for the reduced failure observed in this arm of the
study. The implications of this, she said, are that treating youth with new onset type 2 diabetes may require
a combination of treatments collectively aimed at addressing insulin resistance.

▪ A major goal of the TODAY trial was to assess whether combined pharmacologic
treatment with metformin + rosiglitazone could slow the rate of beta cell function
decline relative to metformin alone or metformin + lifestyle. A sample of 674 youth who
had been randomized in the TODAY trial were used in this part of the analysis. They were given a
baseline OGTT and then had a follow-up OGTT. Insulin sensitivity (1/fasting insulin), the
insulinogenic index (,,Insulin-30 min.− ,Insulin-0 min.-,Glucose -30 min.− ,Glucose-0 min..), and
the oral disposition index (oDI; a measure of beta cell function relative to insulin sensitivity) were
then calculated up to 48 months. All data from subjects included in the analysis was collected prior
to failure. At baseline, insulin sensitivity, the insulinogenic index, and the oDI were all similar
among the study's three arms.
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▪ At six months, there was a significant increase difference in insulin sensitivity
between the metformin + rosiglitazone and other two arms. Specifically, insulin sensitivity
increased by 20% in the metformin + rosiglitazone arm, while there was no change in this measure
in the other two arms. Insulin sensitivity started to plateau by 24 months in the metformin +
rosiglitazone group and by 48 month, it no longer significantly differed between the study's arms.

▪ Metformin + rosiglitazone therapy stabilized beta cell function at six months, as
measured by the oDI. Beta cell function in this group was far greater than in the metformin or
metformin + lifestyle arms, in which the oDI dramatically fell. Rate of beta cell decline was slower in
the metformin + rosiglitazone arm relative to the other two arms. According to Dr. Caprio, the
observed favorable changes in beta cell function relative to insulin sensitivity induced by metformin
+ rosiglitazone treatment are responsible for the reduced treatment failure observed in this arm of
the study. This suggests, she said, that that treatment of youth with new onset type 2 diabetes may
require a combination of treatments aimed at collectively reducing insulin resistance. Use of such
aggressive combination therapy early in the course of disease may enable more durable glycemic
control.

DETERMINANTS OF DURABLE GLYCEMIC CONTROL IN THE TODAY TRIAL

Kenneth Copeland, MD (University of Oklahoma Health Sciences Center, Oklahoma City, OK)

Dr. Copeland discussed the sociodemographic and biological predictors of durable glycemic control in the
TODAY trial, as well as how these predictors could be used to guide treatment options for youth with type 2
diabetes. In this context, durable glycemic control was defined as not reaching the study's primary outcome
(failure to maintain an A1c < 8% for six months or an inability to wean from temporary insulin) by four
years. Both baseline values and changes in values over time were examined for their relationship to durable
glycemic control. 172 of the patients in the analysis maintained glycemic control for at least 48 months
(Group 1), while 305 did not (Group 2). At 48 months, treatment assignment group was not associated with
whether or not a patient had maintained glycemic controlled. In a univariate analysis, race, ethnicity,
depression, A1c, and insulin secretion were significantly associated with failure. In a multivariate analysis,
only A1c and insulin secretion remained significant. Factors associated with failures over time were A1c
(best predictor), insulin secretion (those who failed had lower baseline values that continued to decline), and
BMI (those who failed were more obese at baseline and continued to gain weight). Further analyses of these
data, Dr. Copeland said, may help define specific thresholds for intensifying therapy at diagnosis, early in
treatment, or because of certain increases over time.

▪ The goal of this analysis was to identify the sociodemographic and biological
predictors of durable glycemic control, which was defined as not reaching the study's primary
outcome (failure to maintain an A1c < 8% for six months or an inability to wean from temporary
insulin). Data for this analysis was collected from 172 patients who had maintained glycemic control
for at least 48 months (Group 1), and 305 who did not (Group 2). Data collected at baseline (time of
randomization) included age, sex, race-ethnicity, household income, household educational level,
depression, tanner stages, BMI, and family history of diabetes. Post-baseline, BMI and A1c were
collected quarterly, and an OGTT was performed at 0, 6, 24, and 36 months; these data were used
for longitudinal analyses. Both baseline values and changes in values over time were examined for
their relationship to durable glycemic control.

▪ No association between treatment group at baseline and maintenance of glycemic
control by 48 months was observed. Of those who failed, 38% were in the metformin only
group, 28% were in the metformin + rosiglitazone group, and 34% were randomized to metformin +
lifestyle. Non-Hispanic black participants had a significantly higher failure rate than non-Hispanic
white patients. There was a significant difference in the prevalence of depression at baseline among
those who failed versus maintained therapy. Both A1c and insulinogenic index differed significantly
at baseline between those who failed and glycemic control. Higher income was of borderline
significance in maintaining glycemic control. In a multivariate model, only A1c at baseline (p<
0.0001) and insulinogenic index (p=0.0498) at baseline predicted failure.
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▪ In a longitudinal analysis, both BMI and A1c was significantly different between the
two glycemic control groups, including at baseline. All participants gained body mass over
time (p<0.001), and those who failed notably did not gain body mass faster. All subjects in the
analysis also had rising A1c (p<0.001); A1c rose faster in those who failed to maintain glycemic
control (interaction p<0.001). Dr. Copeland emphasized that despite these trends, neither of the
groups had mean A1c values in the diabetic range at baseline (mean was 5.6% in those who
maintained control and 6.4% in those who failed to). There was no difference in insulin sensitivity
(measured by 1/fasting insulin) between the glycemic control groups at baseline. Insulin sensitivity
subsequently rose in all participants over the course of the study (p<0.001), possibly due to the
effects of treatment. Rate of change of insulin sensitivity did not differ between the maintenance and
failure groups over the course of the study. Notably, insulin secretion (as measured by insulinogenic
index (IGI) fell over time in all participants (p=0.001). IGI did not fall faster in those who failed, but
those who failed did have a lower IGI at baseline (p<0.0001).

▪ These data suggest that baseline A1c is the best predictor of failure (regardless of
therapy), even if it is in the nondiabetic range. A rapidly rising A1c during treatment (even if
it is within the normal range) is also associated with treatment failure and may suggest a need to
intensify early. Further analyses of these data, Dr. Copeland said, may help define specific
thresholds for intensifying therapy at diagnosis, early in treatment, or because of certain increases
over time.

Questions and Answers

Q: Did they look at obstructive sleep apnea in this population?

Dr. White: No, we did not. We discussed it but it's one of the things we were not able to do.

Q: I was wondering what your speculation was about the cause of the gender difference in
response to the different therapeutic arms. I think there was a 42% versus 48% response. Do
you think it's more a matter of males in the study perhaps having less beta cell reserve versus
the females and therefore a different sort of response or do you think it's related to fat
distribution in girls because of puberty?

Dr. Zeitler: I don't know. Males and females responded to different treatment arms in different ways. We do
have data that will allow us to answer questions about insulin secretion and insulin sensitivity, but it has not
been analyzed yet at this point and we can't do anything other than speculate.

Q: Regarding lifestyle modification, it's one thing to say you'll follow a the guidelines and a
whole other thing to adhere to the lessons and change your lifestyle. What did you use to
model the lifestyle modification methods? Did you use adult studies?

Dr. Zeitler: Our lifestyle modification methods were based on studies in children. It's not just a question of
telling the children what to do. We had trained interventionists that worked with the children on a weekly and
bi weekly basis. We have process variables - food diaries, food questionnaires, logbooks - that will let us look
at what the participants changed and what they didn't change, but we haven't looked at them yet.

Q: You used the term failure, but I don't think these kids failed because they adhered to their
medications. Is there any indication of why their medication failed them?

Dr. Zeitler: fair question obviously is jargon. We were quite careful during the study to not tell the kids that
they had failed. Our official point was that they had reached the primary outcome. The kids didn't fail. Their
adherence was quite good in terms of control and coming to visits. It's not so much that they failed as that
society failed them.

Q: But why didn't the medication maintain glycemic control? Was it the dosing, the type of
medication?

Dr. Caprio: I think what I've observed is that this profound insulin resistance that we are working against is
the culprit basically. The metformin that we thought was going to work didn't work at all. What was surprising
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was even when using the two best drugs we have, we were not able to improve glycemic control significantly in
a substantial number of kids.

Dr. Copeland: Let me add to that an overall comment as well. We spent a fair amount of time describing the
challenges of the group from a more global standpoint. This is an incredibly tough disease to treat, by any
measure and any modality. We have to target society and ask how do we prevent the disease, because once
you get diabetes, it is hard to intervene.

Q: What did you do with patients at the end of study who took rosiglitazone?

Dr. Zeitler: What do you do with a drug that's effective but you can't use it? We lost a lot of sleep over that
question. We put the participants on metformin with the option to go on insulin if they needed it.

Q: If you had to do the trial again, which combination would you use - metformin and…? And
could you tell us what the TODAY 2 trial looks like?

Dr. Zeitler: If we had to do it again, we would meet every three months for two years and would argue. TODAY
2 is an observational study. We are in a rich period right now where we are continuing to follow these kids
closely on therapy. Over the next 12-18 months they will be transitioning to routine care in the community
and we will be doing a classical observational study in the children.

Dr. Caprio: Remember that eight years ago, the two drugs that we chose were the strongest insulin sensitizers
and to me TZDs are still very powerful drugs. I don't regret that we used them. What this study is telling you is
that we need to develop stronger drugs to attack profound insulin resistance.

Q: Have you looked at ethnic differences in the decline in oral disposition index? Also, have
you studied whether a drug like metformin that failed in African American has that effect
because it primarily targets the liver and in African America, the physiology of diabetes is less
related to hepatic fat?

Dr. Caprio: We have not done the analysis yet. Regarding the other point - hepatic glucose production has to
be looked at whether metformin is not suppressing it because there are differences in body composition. The
liver has to be looked at but in that trial we didn't use tracers so we don't know.

Q: This is a tough population to enroll in trials. In particular, some of the ethnic groups in it
have traditionally been quite resistant to enrolling in trials. What recruitment and retention
strategies did you find most effective?

Dr. Zeitler: This is where a staff becomes important. Because of the way diabetes is cared for, these children
were already cared for in diabetes centers. The trick was that these were our patients and we established a
relationship. They trusted us, they trusted the nurses. The second thing was the kids' relationship with CDEs.
CDEs established amazing relationships with the kids. The kids would text them in the middle of the night
with their problems or crises. The kids could rely on the CDEs and in many cases the CDEs became the most
reliable people in their lives. Other retention strategies like gifts were used, but I'm not convinced they were in
any way as important as the relationships with reliable adults.

Q: Would it have been impossible with a CRO (Clinical Research Organization)?

Dr. White: Yes. I note that at all of the centers, coordinators bent over backwards to see patients on their
schedule and then to see them again on their schedule, even when patients hadn't shown up the last time.
They worked a lot after hours and on weekends in a way that frankly is not that practical in a clinical setting. I
think that had a lot to do with it too.

Dr. Copeland: I don't want to focus on just one site, but I want to emphasize the extraordinary support that we
in Oklahoma had among Native American patients. Traditionally, it is hard to overcome cultural barriers
related to research among Native Americans. But the TODAY study illustrated how seriously Native American
communities across the US, and especially in Oklahoma, are taking the diabetes problem and how seriously
they want to be part of the solution.
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Q: I think I saw that one third of the children had a mother with gestational diabetes. Did that
have any influence on risk and progression?

Dr. Zeitler: I don't know the answer to that yet. One thing that you might be interested in was that we saw a
sex difference in likelihood to have been born to a diabetic pregnancy. Boys were twice more likely to be born
to a diabetic pregnancy than girls. I'm not sure we've seen that before.

Q: It's so difficult to treat type 2 diabetes in young people. Can you compare your outcomes
with research in bariatric surgery?

Dr. White: I don't think we can speak to that without more information. Bariatric surgery seems to be a
successful option on a small scale in this age group. It could be promising, but we don't have any information

Dr. Zeitler: I think it's important to note that most of the larger bariatric surgery studies in pediatrics have not
been as successful as they have been in adults. I think there are significant concerns about performing
bariatric surgery in youth, including their potential lack of economic or parental support. I'm afraid this is one
of the reasons why outcomes of bariatric surgery studies in pediatrics have not been the same as in those for
studies in adults.

Symposium: Exercise Tolerance in Diabetes

PHYSICAL ACTIVITY AND DIABETES MELLITUS - WHY DO WE CARE?

Steven Blair, PhD (University of South Carolina, Columbia, SC)

Dr. Blair gave a fascinating presentation on physical activity, arguing that an individual's level of fitness is
actually much more important in terms of mortality risk than his or her level of obesity. He showed study
after study demonstrating that fit people at any level of obesity were less likely to die than those who were
unfit. In one study specifically, so-called "fit and fat" people were five times less likely to die than those who
were thin and unfit. This relationship also held regardless of how obesity was measured (BMI, waist
circumference, body fat percentage). Dr. Blair repeatedly emphasized, however, that physical activity
MUST be measured objectively (i.e., in a laboratory, using an accelerometer, etc.) - self-reported data just
does not cut it, as there is a fairly low correlation (r=0.4) between people's self-reported physical activity
and their actual measured physical activity. He closed with a nice review of the HART D study (Church et
al., JAMA 2010), which compared the glycemic benefit of aerobic training, resistance training, or a
combination of the two over nine months. The combination group saw the largest declines in A1c and the
highest percentage of patients improving A1c by at least 0.5% or decreasing diabetes medications.

Symposium: Using the National Prevention Strategy to Turn the Tide on Diabetes

THE NATIONAL DIABETES PREVENTION PROGRAM - PROGRESS AND CHALLENGES

Ann Albright, PhD (Center for Disease Control and Prevention, Atlanta, GA)

Dr. Albright began her talk with a review of the original Diabetes Prevention Program (DPP) study. She
reminded the audience that those in the intensive lifestyle intervention group had a 58% reduction in the
incidence of type 2 diabetes, though this cost over $3,000 per participant over a three-year period. (In real
world applications using the same curriculum, the cost has been reduced to $275-325 in the YMCA program
and $550 in a CDE study in Montana.) Dr. Albright next discussed the National Diabetes Prevention
Program, which aims to scale the model of the DPP for high-risk people through four elements: (1) training
to increase the workforce; (2) a recognition program to assure quality and develop a program registry; (3)
intervention sites to deliver the program; and (4) health marketing to increase program use. Importantly,
United Health Care and Medicare are currently involved as payors and cover the ongoing cost of the
program (the CDC provides startup funds). To date, the 106 organizations in 26 states have pending CDC
recognition, and they will be required to submit data every six months for two years on weight loss,
exercise, and attendance rates to receive full recognition. We're very glad to see this ongoing data collection
and hope it will help further refine and improve an already great initiative. Concluding her presentation,
Dr. Albright urged physicians to refer patients to these programs, emphasizing the high completion rate
and average 4.8% weight loss (more with higher session attendance).
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Symposium: Should We Pay People to Change Their Behavior? Behavioral Economics and
Diabetes

BEHAVIORAL ECONOMIC INTERVENTIONS IN OBESITY, SMOKING CESSATION, AND
DIABETES

Kevin Volpp, MD, PhD (Wharton School of the University of Pennsylvania, Philadelphia, PA)

Dr. Volpp, a renowned expert in behavioral economics, discussed how proper incentives can help overcome
human irrationality. For weight loss, he designed a deposit contract experiment: participants put their own
money into a deposit account that was forfeited if they failed to achieve their weight loss targets. About 50%
of the patients in the incentive group achieved their weight loss targets, while only 10% of the control group
did. Unfortunately, 36 weeks after the 32-week study, the differences between the two groups became
statistically insignificant. For diabetes control, Dr. Volpp showed that peer mentorship worked even better
than financial incentives in achieving A1c targets. A1c declined 0.1% (baseline: 9.9%) in the control group,
0.4% (baseline: 9.5%) in the financial incentives group, and 1.1% (baseline: 9.8%) in the peer mentor group
(p <0.05). Dr. Volpp also covered an experiment that successfully used financial incentives to nearly triple
the rate of smoking cessation. We see this as an area with promise to help move the needle on weight loss
and diabetes control. We hope to see more research into the types of incentives that are most effective and
how to implement them.

▪ Behavioral economics can help overcome human irrationality. Humans desire immediate
gratification, are loss averse, are overly optimistic, and have self-control problems. These make
unhealthy behavior more frequent than under perfectly rational circumstances. To combat this, Dr.
Volpp looked at the various manifestations of human irrationality that can be targeted to change
behavior. Among those are frequent and immediate rewards (for the present bias), lottery awards
(for the optimism bias), telling people what they could have won had they been adherent (for regret
aversion), and putting rewards at risk if behavior does not change consistently (loss aversion). Home
monitoring devices and the Internet allow for larger experiments and enable daily feedback.

▪ Incentive programs will likely be more important in the future given one stipulation in
the Affordable Care Act. Beginning in 2014, employers can offer employees incentives up to 30%
(possibly up to 50% given government approval) of the cost of their coverage for meeting employer-
defined health targets. Incentives could be in the form of premium discounts, waivers of cost-
sharing requirements or the absence of a premium surcharge.

▪ An experiment on diabetes control demonstrated that peer mentorship improved
glucose control more than financial incentives or usual care. In this experiment, patients
in the financial incentive group were promised $100 if they reduced their A1c by 1%, and $200 if
they reduced their A1c by 2% or to a level of 6.5% over six months. Those in the peer mentor group
were assigned a peer mentor that matched the patient in sex, age, and race. The peers used to have
poor glycemic control, but subsequently achieved an A1c <7.5%. Patients spoke with their peers on a
weekly basis. A1c declined 0.1% (baseline: 9.9%) in the control group, 0.4% (baseline: 9.5%) in the
financial incentives group, and 1.1% (baseline: 9.8%) in the peer mentor group (p <0.05).

▪ In Dr. Volpp's smoking cessation experiment, the incentive group had a 14.7% rate of
smoking cessation compared to 5.0% in the control group at 12 months. In order to
incentivize smoking cessation, Dr. Volpp promised experiment subjects $100 for completion of a
smoking cessation program, $250 for cessation within 6 months after enrolment, and $400 for
abstinence for an additional six months. The incentive group was also more likely to complete the
smoking cessation program (10.8% vs. 2.5%; p <0.001), and achieve smoking cessation within the
first six months after enrolment (20.9% vs. 11.8%, p <0.001).

Questions and Answers

Q: What do you think about technology and apps that seek to make people more adherent?
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A: The big issue we face is how to help non-adherent people become adherent. The intersection of patients
with chronic diseases and people willing to download and use apps is perhaps small. So the challenge is not
only simplifying technology, but also making the technology more engaging and accessible.

Q: I'm wondering if I can be awarded some money for attending this session?

A: [Laughs] Yes, but only in a lottery.

Q: What do you think of a recent study showing that incentives didn't help in weight loss?

A: The lack of frequent feedback is a challenge to incentivizing based on outcomes such as weight loss or A1c
targets. People generally know what they need to know, so it's really about making those factors more
important to them on a daily basis.

Q: Is it fair to reward those that with unhealthy baselines but not those that are healthy to
begin with?

A: The way most insurers are dealing with this is to give lower rates to those that have lower risks. In the
current system, if I exercise a lot and never drink alcohol, I subsidize those that make less healthy choices. It's
a tricky issue because individual actions, environment, and genetics can all influence health outcomes, so it
would be a big problem of the insurers reward only those with lower risks. Perhaps they should incentivize
both low-risk and reduction of risk (for example, a low BMI and a decreasing BMI).

Symposium: Health Care Delivery is Changing - Where do Diabetes Educators Fit?

SESSION OVERVIEW

Linda Siminerio, PhD (University of Pittsburgh, Pittsburgh, PA)

In this short session overview, Dr. Siminerio emphasized that our healthcare system is in state of flux and
change. She explained that the Affordable Care Act includes a wide variety of provisions designed to provide
more healthcare choices to Americans; to enhance the affordability and quality of care; to hold insurance
companies more accountable; and to lower health care costs. In her opinion, changes associated with this
legislation will ultimately better our healthcare system, and diabetes educators can contribute to this in a
meaningful way. Ideally, the educator acts as a liaison between the patient and all members of the diabetes
management community. Dr. Siminerio called for educators to help improve successful self-management of
diabetes, a growing necessity due to the projected growth in diabetes and the shortage of endocrinologists
and primary care physicians. Self-management care has shown to improve baseline A1c by as much as
0.76%, and physicians are now eager to include team members and educators in their practice. She
concluded by noting that diabetes educators provide effective and cost saving therapy that has a dramatic,
positive effect on glycemic control.

Obesity and Obesity Therapies

Oral Sessions: Novel Brain Mechanisms in Metabolism Regulation

PPARGAMMA IN CENTRAL CONTROL OF FEEDING

Randy Seeley, PhD (University of Cincinnati, Cincinnati, OH)

Dr. Seeley's presentation discussed the association between a high fat diet and increased body weight, as
observed in the US and the developing world. This relationship may be mediated in part by leptin, which
regulates energy balance and decreases food intake in a low fat diet. Furthermore, the observation that
PPARγ -activating TZDs promote weight gain prompted investigations of the role of PPARγ in weight
management. Subsequent studies show that PPARγ acts on the central nervous system, specifically the
hypothalamus. Dr. Seeley noted that TZDs have vascular properties, including lowering heart rate. He then
concluded his presentation by discussing why a high fat diet may be initiated and how it may contribute to
leptin resistance and weight gain.
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▪ PPARγ may mediate the relationship between a high fat diet and weight gain. PPARγ is
a ligand-activated transcription factor, which regulates several genes associated with adipogenesis
and lipid and glucose metabolism. The physiological role of PPARγ is to act as a general sensor for
glucose fluctuations.

▪ The observation that PPARγ -activating TZDs promote weight gain prompted
investigations into the role of PPARγ in weight management. Dr. Seeley described studies
that found that rats treated with TZDs exhibited weight gain within 24 hours. The rapid increase in
body mass suggested that PPARγ has effects on the central nervous system. Subsequent studies
confirmed that it acts on the hypothalamus.

▪ Dr. Seeley concluded his talk by discussing why a high fat diet may be initiated and
how it may contribute to leptin resistance and weight gain. PPARγ has recently been
associated with decreased heart rate. Dr. Seeley speculated that a high fat diet may be initiated to
lower heart rate, and over time, leads to leptin resistance and possibly obesity.

Questions and Answers

Q: Do you have any data on the change in PPARγ expression during fasting or feeding?

A: We have not looked at any changes in expression of PPARγ. In terms of activity, the best readouts we have
are through our use of PPARγ antagonists.

Q: Based on the data presented, should you look at whether a high fat diet blunts PPARγ
expression?

A: We have not done this experiment but it is a logical question.

Q: Where else is PPARγ expressed in the brain?

A: I don't have a great answer here. The protocols for doing the immunohistochemistry are not very good.

Q: Is there any specific cofactor you are looking at that could modulate PPARγ?

A: We don't know what cofactors exist. We also don't have good answer.

Q: Did you do any spectroanalysis?

A: We haven't done those yet, but those are on the to-do list. The idea is that it has a greater effect on blood
pressure and heart rate.

Posters

WEIGHT LOSS (WL) AND CHANGE IN ANTIDIABETIC MEDICATIONS OVER 2 YEARS WITH
EXTENDED-RELEASE PHENTERMINE/TOPIRAMATE (PHEN/TPM ER) (1985-P)

R Kushner, B Troupin

This subgroup analysis of SEQUEL examined the weight-loss efficacy and change in diabetes medications
over two years with extended-release phentermine/topiramate (PHEN/TPM ER; Vivus' Qnexa) in patients
with type 2 diabetes at baseline. In this subgroup, PHEN/TPM ER treatment provided significantly greater
weight loss versus placebo over the course of two years (9.0% versus 2.0%). In addition, patients who
received PHEN/TPM ER required significantly lower doses of diabetes medications than those on placebo at
the end of the two-year study period. This finding suggests that PHEN/TPM ER treatment could, in addition
to improving weight and glycemic control, confer the benefit of reducing medication burden for patients
with diabetes. Although PHEN/TPM ER did not significantly decrease A1c or fasting plasma glucose beyond
placebo for this subgroup, it is possible that the reduction in diabetes medication dose may have blunted the
potential benefits of the therapy. Overall, these results reinforce the attractiveness of PHEN/TPM ER for use
and reimbursement. In our opinion, the more Vivus is able to demonstrate the benefits of the drug beyond
weight loss (e.g., improvements in comorbidities, reductions in medication burden), the more willing
physicians and payers will be to prescribe and reimburse the drug.
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▪ Baseline characteristics were similar across treatment arms, and similar to the
overall SEQUEL population.

Characteristic Placebo (n=55) PHEN/TPM ER
7.5/46 (n=26)

PHEN/TPM ER
15/92 (n=64)

Age (years) 54 53 52

Female gender (%) 62 73 59

Weight (kg [lbs]) 97 (213) 93 (205) 99 (218)

BMI (kg/m )2 36 35 36

A1c (%) 7 7 7

Fasting plasma glucose
(mg/dl)

133 148 134

Baseline metformin
use (%)

53 46 59

▪ Patients receiving PHEN/TPM ER treatment experienced significantly greater
reductions in weight versus placebo, and improvements in A1c and fasting plasma
glucose versus placebo.

Placebo (n=55) PHEN/TPM ER
7.5/46 (n=26)

PHEN/TPM ER
15/92 (n=64)

Weight loss (%) 2.0 9.0* 9.0*

Change in A1c (%) 0.0 -0.4 -0.2

Change in FPG (mg/dl) -6.3 -10.6 -7.4

*statistically significant versus placebo

▪ The net change in concomitant medication number and dose with PHEN/TPM ER
treatment was favorable compared to placebo.

Placebo (n=55) PHEN/TPM ER
7.5/46 (n=26)

PHEN/TPM ER
15/92 (n=64)

Net change in number
(% of subjects)

21.8 0 7.8

Net change in dose (%
of subjects)

25.5 0* -3.1*

*statistically significant versus placebo

WEIGHT LOSS (WL) BY COMORBIDITY DEGREE AS ASSESSED BY THE EDMONTON
OBSITY STAGING SYSTEM (EOSS) IN SUBJECTS RECEIVING EXTENDED-RELEASE
PHENTERMINE/TOPIRAMATE (PHEN/TPM ER) (2020-P)

A Sharma, R Padwal, W Day
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First presented at ECO 2012, this poster examines the weight-loss efficacy of phentermine/topiramate
extended release (PHEN/TPM ER; Vivus' Qnexa) by degree of comorbidity as assessed by the Edmonton
Obesity Staging System (EOSS) (see our May 12, 2012 Closer Look at http://www.closeconcerns.com/
knowledgebase/r/77f01f1a). We appreciate that some are now beginning to investigate efficacy by degree of
comorbidity, instead of solely by more crude measures (e.g., BMI). We hope to see classification systems
such as the EOSS enter the mainstream of obesity management, as they would help to shift away from an
emphasis on weight to a focus on disease state.

DIABETES PREVENTION IN SUBJECTS WITH PREDIABETES USING EXTENDED-RELEASE
PHENTERMINE/TOPIRAMATE (PHEN/TPM ER) OVER 2 YEARS (2022-P)

T Garvey, C Bowden

Building on SEQUEL information presented in a poster at ADA 2011 on diabetes prevention in subjects with
prediabetes (see our ADA 2011 report at http://www.closeconcerns.com/knowledgebase/r/23a36df4 for:
study design and baseline characteristics; changes in weight, A1c, fasting glucose; and adverse events), this
poster provided annualized incidence rates of type 2 diabetes for this patient population. In the study,
patients with prediabetes receiving phentermine/topiramate extended release (PHEN/TPM ER) 7.5 mg/46
mg (7.5/46) and 15 mg/92 mg (15/92) experienced 49% (not statistically significant) and 89% (p=0.0125)
reductions in the annualized incidence of type 2 diabetes compared to placebo. The annualized incidence of
type 2 diabetes was 3.5%, 1.8%, and 0.4% in the placebo (n=103), 7.5/46 (n=83), and 15/92 (n=129) arms,
respectively. We are glad to see an increasing focus on diabetes prevention in clinical trials, and hope that
there will be a regulatory path forward for the indication in the not-too-distant future.

Meet the Expert Sessions

MANAGEMENT OF OVERWEIGHT/OBESITY AS A STRATEGY TO OPTIMIZE
CARDIOVASCULAR DISEASE HEALTH IN PATIENTS WITH TYPE 2 DIABETES -
CHALLENGES AND OPPORTUNITIES

Robert Eckel, MD (University of Colorado, Aurora, CO)

In this clinically focused meet-the-expert session, Dr. Eckel discussed the impact of weight loss on a number
of biomarkers of cardiovascular risk - A1c, HDL, LDL, triglycerides, blood pressure, and inflammation.
Cautioning clinicians not to be misled by improvements seen during the active weight-loss period (as all the
above biomarkers with the exception of HDL improve with hypocaloric intake), Dr. Eckel emphasized that
individuals need to achieve and maintain 5% weight loss in order to see sustained improvements in these CV
risk factors. He noted that most suggest 10% weight loss is needed to permanently change lipoprotein levels
in a favorable direction; however, recent evidence suggest that lipoprotein profiles could be improved by
lesser sustained weight loss - in the Look AHEAD trial, even though only 3-4% weight loss was maintained
out to four years, HDL remained elevated. Dr. Eckel explained that LDL is not permanently influenced by
weight loss; instead, LDL is influenced much more by dietary macronutrient composition. Subsequently, he
commented that although the relationship between weight loss and blood pressure remains unclear, people
should not have high hopes of improving blood pressure with weight loss, given the chronic nature of
modifications in arterial wall biology involved in hypertension.

Questions and Answers

Q: Is postprandial hypertriglyceridemia an additional risk factor for cardiovascular disease?

A: We still don't really know. We know that fasting triglycerides are predictors of risk for cardiovascular
disease, but we don't know if postprandial levels are an additional risk factor. My bias is that we need to treat
atherogenic proteins and not worry about triglycerides - in my opinion, they are a marker for cardiovascular
risk, but they do not themselves cause cardiovascular disease.

Comment: In ATP III, LDL cholesterol is the primary outcome variable, and non-HDL
cholesterol is secondary. Non-HDL may be a greater risk factor than LDL though.
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A: I am on ATP IV; however, I cannot share the new guidelines with you right now. The guidelines are being
developed, and they include diabetes. The way we assess risk will not be the same as before. I can't tell you
exactly where non-HDL is going to fall, but it will be considerable for sure.

Q: Do you see inflammation as a mediator between obesity and cardiovascular disease, or as
more of a marker of the disease process?

A: I think that elegant studies have shown that inflammation occurs in arterial walls - inflammation is part of
the process. Modifying inflammation is a good thing. The question is, how do you do it, and what is the most
effective way? Weight loss is one way to modify inflammatory markers, but many drugs, including statins and
fibrates, modify inflammation; thiazolidinediones are a good way to modify pro-inflammatory processes. It's a
crude signal, but one worth paying attention to. The current guidelines don't say to measure hs-CRP clinically.

Q: Why is it the case that not everyone responds to lifestyle interventions?

A: Diabetes is built on a foundation of insulin resistance. There is no question that people with type 2 diabetes
are insulin resistant. Generally, the worse the glycemic control, the worse the resistance. In diabetes, there is
always a β-cell defect. It all goes back to the earlier curve I mentioned - β-cell function declines much more
rapidly in some individuals. Last year, Steven Kahn and I co-chaired a session here, at The Endocrine Society,
and at EASD on the similarities and differences between obesity and type 2 diabetes in terms of mechanisms,
genetics, diagnostics, and therapeutics. Going forward, what we're planning on, if we can get underwriting
from Big Pharma, is a joint session on β-cell and glucose-sensing defects. We intend to cover why the β-cell
function slopes are different for different people, and how to best assess β-cell function clinically. The reason
aggressive lifestyle intervention doesn't work is mostly behavioral, but it is also related to the inability of the
slope to be modified by lifestyle.

Q: Are you worried about the signal of hyperglycemia with statins?

A: Clinical trials have demonstrated that there is a modest increase in new-onset type 2 diabetes with statin
treatment. There are a handful of cases per 1,000 patients, and it's real. What's the mechanism by which
statins induce type 2 diabetes? Is it the islet? Is it further exacerbation of insulin resistance already
operational in these patients? While this remains unclear, what is known is that patients with a family history
of type 2 diabetes, with impaired fasting glucose, and/or with impaired glucose tolerance are the ones we
should be more concerned about advancing to type 2 diabetes. The bottom line is that the probability of
preventing primary cardiovascular events is three times more favorably influenced by statin therapy than the
risk of creating type 2 diabetes. I don't think the indications for statin therapy have been influenced one iota
by this unfortunate effect. I do think that as clinicians working with patients on statins, we need to explain the
risks to those with a family history, impaired fasting glucose, and/or impaired glucose tolerance, but also
explain that the probability of preventing cardiovascular events is higher.

Q: Looking at the risk factor profile that you drew, it seems to be a mirror image of some of the
newer agents in diabetes, particularly GLP-1 agonists. Particularly with regards to the blood-
pressure lowering effects of drugs in the class, there has been lots of discussion whether it's
related to incremental weight loss. Are the effects through weight loss only, or also through
some other mechanism?

A: I think that we, as physician-scientists, all need to be convinced with data. When weight reduction is
already associated with biomarker reduction, I think you need to be very skeptical of weight-loss-independent
mechanisms. Yes, GLP-1 agonists work very well to reduce glycemia, but I am less than convinced at this point
in time that there is an independent effect on blood pressure. I'm not saying that there isn't one, but I think
we just need to be skeptical.

HYPOGLYCEMIA AFTER GASTRIC BYPASS SURGERY

Mary-Elizabeth Patti, MD (Joslin Diabetes Center, Boston, MA)

Over the last few years, physicians have observed an increased occurrence of hypoglycemia in patients
following gastric bypass surgery. During her well-attended talk, Dr. Patti discussed strategies for
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recognizing, diagnosing, and managing hypoglycemia in post-operative gastric bypass patients. She began
by emphasizing that gastric bypass patients who do present with hypoglycemia typically have post-
prandial hypoglycemia, with symptoms generally appearing two-to-three years after surgery. Factors that
influence the occurrence of post-operative hypoglycemia include a patient's dietary history, impaired
cognitive symptoms, and history of diabetes before surgery. Abnormally high insulin and C-peptide levels in
venous blood samples during a hypoglycemic episode are crucial indicators of post-operative
hypoglycemia. A mixed meal tolerance test can also offer important clues to understanding the pathogenesis
of hypoglycemia. Dietary modification is a successful therapy option for many patients; however, if lifestyle
changes prove unsuccessful, Dr. Patti recommends Acarbose (50 mg 3x daily) or, in more extreme cases,
Octreotide (50 ug 3x daily) as alternate treatment options. She underscored that current and prospective
longitudinal studies are crucial for accurate assessment of both hypoglycemia in gastric bypass patients
and the efficacy of surgery as a treatment option for type 2 diabetes.

▪ Post-operative hypoglycemia is typically less frequent in gastric bypass patients who
had hypoglycemia before surgery. Patients who experience pre-operative episodes of
hypoglycemia often show stable and sustained improvements in glycemia following bypass surgery.
In comparison, patients with normal glucose tolerance before the operation are more likely to
develop hypoglycemia as their metabolisms increase post-surgery.

▪ A mixed meal tolerance test offers important clues to understanding the pathogenesis
of the hypoglycemia. Patients who have undergone gastric bypass surgery demonstrate a
different glycemic pattern in response to meals compared to those who have not. Gastric bypass
patients who present with hypoglycemia symptoms show a rapid surge of insulin secretion (as high
as 500 mg/dl) followed by a fast decline that often results in lower minimum glucose levels
compared to those of patients who have not undergone surgery.

▪ Dr. Patti noted that in extreme cases where dietary management and medications
such as Acarbose and Octreotide are not effective, gastric bypass reversal could be
considered for patients with post-operative hypoglycemia. Current studies of patients who
have undergone surgery reversal will provide more information about the efficacy and viability of
this option. Finally, Dr. Patti emphasized that partial pancreatectomies neither eliminate nor
decrease episodes of hypoglycemia.

Questions and Answers

Q: Have you used CGM as a diagnostic tool?

A: Yes, CGM can be used both diagnostically and as part of the therapy. I find it useful as a teaching tool for
patients.

Q: What about metformin as a treatment option?

A: I have seen mixed results for metformin, but in most cases is it largely unsuccessful. Personally, I have
never really found any improvement with metformin. Remember that these patients are not any more insulin
insensitive than others.

Symposium: ADA Diabetes Care Symposium

METABOLIC SURGERY - GASTRIC BYPASS TO TREAT TYPE 2 DIABETES IN PATIENTS
WITH ONLY MILD OBESITY

David Cummings, MD (University of Washington School of Medicine, Seattle, WA)

Dr. Cummings delivered a presentation on the ability of Roux-Y gastric bypass (RYGB) to improve type 2
diabetes through mechanisms independent of weight loss. He opened by noting that HCPs tend to focus on
managing diabetes rather than resolving the disease. However, data show that 80-85% of patients who
undergo RYGB achieve full remission of type 2 diabetes for at least a few years following the surgery. It is
well established that the positive influence of weight loss on insulin sensitivity contributes to RYGB's
beneficial effects. However, to Dr. Cummings, there is convincing evidence that RYBG improves diabetes
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through mechanisms beyond weight loss, potentially by increasing the production of incretins, which
stimulate insulin secretion. He detailed a study in which RYGB dramatically decreased A1c and fasting
plasma glucose and provided remission from type 2 diabetes in 88% of participants. Notably, there was no
correlation between the amount of weight loss and reductions in A1c. Dr. Cummings stated that RYBG
represents a safe and effective way of treating type 2 diabetes and believes that current guidelines on the
surgery should be expanded to allow diabetes patients with BMI >30 kg/m to undergo the procedure. He2

concluded by noting that RYBG could be especially valuable in ethnic groups that develop diabetes at low
BMI levels, particularly Asian Indians.

▪ Dr. Cummings noted that Roux-Y gastric bypass (RYGB) improves type 2 diabetes
through mechanisms independent of body weight or weight loss. He provided five lines of
evidence: 1) return to euglycemia and normal insulin control can occur within days of surgery, well
before weight loss; 2) an increasing body of literature indicates that gastric bypass improves diabetes
to a greater degree than other procedures that provide the same amount of weight loss; 3) the
correlation between amount of weight loss and diabetes remission rate is inconsistent; 4) some
intestinal bypass operations improve diabetes with little or no effect on weight; and 5) there are rare
cases of profound hyperinsulinemia that occur years after gastric bypass. This finding suggests that
the procedure promotes a mechanism that restores beta-cell function and which may be augmented
in select patients.

▪ A likely theory postulates that Roux-Y gastric bypass improves diabetes through an
incretin-mediated pathway. Following surgery, the expedited delivery of nutrients to the distal
intestine stimulates L cells to produce incretins, which enhance insulin secretion. Nutrient sensing
in the gut also regulates insulin sensitivity in addition to insulin release. Dr. Cummings listed several
possible mechanisms that could play a role in this process, including increases in GLP-1, amylin, and
bile acids and reductions in Ghrelin and intestinal SGLT-1.

▪ Dr. Cummings reviewed a study he conducted investigating the effect of Roux-Y
gastric bypass in 66 obese Caucasian patients with severe type 2 diabetes. The study
cohort had mean disease duration of 13 years, baseline A1c of 9.7%, and BMI 30-35 kg/m . The2

participants were followed for up to six years (median of five years) with 100% participant retention.
Within six months after surgery, A1c dropped to approximately 6.6% and remained below that level
for the duration of the study. Fasting plasma glucose exhibited a similar trend. Over the six-year
study, 88% of participants experienced a remission of diabetes, 11% showed improvements in their
disease, and only 1 participant recorded no change in his condition.

▪ Study data indicate that the beneficial effects of Roux-Y gastric bypass are weight-
independent. Changes in waist circumferences and body weight did not differ between
participants who experienced remission and those who did not. Furthermore, there were no
correlation between the changes in BMI and the reductions in A1c over six years or between changes
in BMI or decreases in fasting blood glucose up to fifth year of the study. Furthermore, a patient's
duration of diabetes does not influence his chance of remission following gastric bypass. Dividing
the study participants according to disease duration (three to nine years, 9-12 years, or 13-20 years)
showed no differences in response to surgery across the groups.

▪ Dr. Cummings concluded his presentation by discussing the clinical role of Roux-Y
gastric bypass in treating type 2 diabetes. Current NIH guidelines state that surgery should
performed only in obese people with BMI >40 kg/m or in diabetes patients with BMI >35 kg/m .22

Dr. Cummings noted that he believes these guidelines should be revised to include people with type
2 diabetes and BMI > 30 kg/m , which would capture more than 50% of type 2 diabetes patients.2

Symposium: New Frontiers in Weight Management

NATIONAL HEART, LUNG, AND BLOOD INSTITUTE OBESITY GUIDELINES - HIGHLIGHTS
OF 2012 REPORT

Cathy Nonas, MS, CDE (New York City Health Department, New York, NY)

www.closeconcerns.com 303



After describing how the new NHLBI guidelines will differ from the institute's previous guidelines on blood
pressure (JNC), cholesterol (ATP), and obesity, Ms. Nonas outlined the five areas ("Critical Questions") the
new obesity guidelines (slated to be released for public comment in July-August 2012) will address - the
benefits of weight loss, the risk of overweight, diets for weight loss, comprehensive lifestyle intervention,
and bariatric surgery. Given that the new guidelines will cover bariatric surgery, we were somewhat
disappointed to see that the new obesity guidelines will not address the potential role of pharmacotherapy
in the management of obesity although of course the current options are difficult to recommend - it's too bad
about the timing and not being able to include either of the drugs that will likely be approved by the FDA
later this year.

▪ Obesity prevalence in the US adult population skyrocketed from 1990 to 2010. In 1990,
there were no states with a prevalence of obesity ≥15%. In 2000, 23 states had a prevalence of
20-24%, and no states had a prevalence ≥25%. In 2010, 36 states had a prevalence >25%, and 12
states had a prevalence >30%; no states had a prevalence <20%.

▪ Ms. Nonas noted that the new guidelines will look quite different from the previous
guidelines; they are expected to be released for public comment this summer (July-
August). Recommendations in the new guidelines will only be made based on in-depth systematic
reviews, the new guidelines will be restricted only to a few Critical Questions each, and the new
guidelines will have more depth but less breadth. While up until now, the blood pressure,
cholesterol, and obesity guidelines used different methods and structures, the new guidelines will
use the same methods and structures and have the same look and feel. In addition to guidelines on
blood pressure (JNC), cholesterol (ATP), and obesity, there will also be guidelines on lifestyle and
risk assessment.

▪ The 2012 guidelines will focus on five specific Critical Questions:

◦ 1) Benefits of Weight Loss. What are the benefits of weight loss (e.g., risk factors,
cardiovascular events, morbidity, mortality)? What are the benefits in population
subgroups (e.g., age, sex, race/ethnicity, baseline BMI, waist circumference, presence of
comorbidities, and cardiovascular risk factors)? What amount of weight loss is necessary to
achieve benefit? What are the effects of sustained weight loss for two or more years?

◦ 2) Risks of Overweight. Are the current cutpoint values for BMI and waist
circumference appropriate? What are the appropriate cut points for different populations?
What are the associations between maintaining weight and weight gain?

◦

3) Diets for Weight Loss. What are the weight loss effects of diets of differing forms
and structures for achieving or maintaining weight loss? What are the health benefits or
harms of the above diets prescribed to achieve or maintain weight loss?

◦ 4) Comprehensive Lifestyle Intervention (Diet, Physical Activity, and
Behavioral). What is the efficacy/effectiveness of a comprehensive lifestyle intervention
program in weight loss and maintenance of lost weight? What characteristics of delivering
comprehensive lifestyle interventions (e.g., frequency and duration of treatment,
individual versus group sessions, on-site versus phone/email contact) are associated with
greater weight loss and weight loss maintenance?

◦ 5) Bariatric Surgery. What are the long-term weight and health effects of bariatric
surgery procedures (e.g., laparoscopic adjustable gastric banding [LAGB], Roux-en-Y
gastric bypass [RYGB], open RYGB, biliopancreatic diversion [BPD] / duodenal switch
[DS], sleeve gastrectomy [SG])? What are the complications of following bariatric surgery
procedures? What are the effects in patients with different BMIs and comorbidities?
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GUT-BRAIN COMMUNICATION IN THE CONTROL OF FOOD INTAKE AND GLUCOSE
HOMEOSTASIS

Gary Schwartz, PhD (Albert Einstein College of Medicine, Bronx, NY)

Dr. Schwartz examined the role of gut-brain communication in the regulation of eating behavior and
glucose homeostasis in rodent models. He explained that the GI tract, particularly the duodenum, is richly
innervated and sensitive to consumed nutrients, and in response to nutrients, sends messages via the vagus
nerve to the brainstem and the hypothalamus. This messaging modulates feeding behavior and glucose
production. In one of his studies, Dr. Schwartz found that in both humans and rodent models, increases in
caloric concentration in the duodenum led to dose-dependent reductions in food intake. Furthermore, in
mice, if the nerves innervating the duodenum or the vagus nerve are severed, the inhibition of feeding and
glucose production typically trigged by caloric intake is lost. Dr. Schwartz remarked that both the
hypothalamus and brainstem, due to a leaky blood-brain barrier, are able to detect circulating nutrients
directly, and in response to a meal, reduce hepatic glucose production and food intake. In a separate study,
when leucine was injected directly into a fasting rodent's hypothalamus or brainstem, significant reductions
were observed in the size of the next meal, the total number of meals eaten over the next 24 hours, and the
rate of weight gain. Dr. Schwartz also reviewed data to demonstrate that nutrients and other satiety signals
(such as gut hormones) can have additive effects on food intake control. In particular, when a subthreshold
dose of leptin or cholecystokinin was injected into the hypothalamus of a rodent model, a significant
amplification of leucine's reducing effect on first meal size was detected.

CAN GENETIC TESTING MOTIVATE BEHAVIOR CHANGE AND WEIGHT LOSS?

Richard Grant, MD (Kaiser Permante Northern California, Oakland, CA)

Dr. Grant opened by noting that while the Diabetes Prevention Program (DPP) showed that diet and
exercise can prevent diabetes, translating the DPP results to real-world clinical practice without the study's
rigid structure or strong patient support has proven challenging. His team wondered whether personalized
genetic risk information could motivate patients to improve their weight-loss outcomes. Specifically,
knowledge of a lower genetic risk for type 2 diabetes might reduce patients' motivation to make behavior
changes and may lead to reduced attendance at group sessions. A 12-week study in 175 overweight patients
showed no significant difference in either weight loss or group-session attendance among people with high
genetic risk, low genetic risk, or people in the control group that not received a genetic test. The data suggest
that knowledge of genetic risk may have influenced the participants' intent to participate, though any
impact did not translate into behavior change. In concluding his talk, Dr. Grant suggested the possibility
that improved genetic tests with greater predictive value and insight into environment-gene interactions
might be needed for any difference in motivation to become evident. He proposed that the ability to identify
people with a higher genetic risk of type 2 diabetes before they develop impaired glucose tolerance might
improve patient motivation.

▪ Dr. Grant's study randomized 175 overweight participants with the metabolic
syndrome into tested and non-tested groups so that the desire to be screened would
not be a factor. The participants were 61% male, 85.1% non-Hispanic white, and had an average
age of 57.9 years (±10.6) and BMI of 34.8 kg/m . The participants had considerably higher income,2

education, and literacy levels than the average type 2 diabetes patient and were observed to be
highly motivated to effect positive behavior changes - they scored an average of 9.4 out of 10 on a
pre-study self-reported assessment of motivation. However, patients' confidence in their ability to
implement the changes was lower, with an average score of 6.8 to 8.4 out of 10. Participants were
screened for 36 genetic risk factors, with each factor receiving a score of 0-2 for a possible maximum
of 72. Most patients received scores in the mid-30s. The study investigators selected the participants
with scores in the highest quartile (44 people who scored roughly in the 40s) and the low quartiles
(34 people who scored roughly in the 20s) to form the "high genetic-risk" and "low genetic-risk"
groups. Those with a higher genetic risk were told they had a 17% increased risk of developing type 2
diabetes within the next three years and were advised to make immediate behavior changes.
Participants in the low-risk group were told they had a 9% risk of developing diabetes and were
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given similarly prescriptive advice, though they were told that their more favorable genetic profile
provided them a greater opportunity to change. Dr. Grant acknowledged that such counseling is
unusual and is significantly more directive than typical counseling.

▪ The study found that knowledge of genetic risk was not associated with changes in
motivation or behavior. The 108 participants attended an average of 6.8 (±4.3) of the 12 weekly
group sessions and there was no significant difference in attendance between the low-risk and high-
risk groups. Both groups had higher attendance rates compared to the control group - perhaps, as
Dr. Grant noted, because the control group lost interest after learning they would not receive a
genetic test. Both the degree of weight loss and the percentage of people who reached their weight-
loss goal was greater in the high-risk group (9.5 lbs; 24%) compared to the low risk (8.5 lbs; 18%)
and control group (~7 lbs; 18%), though the differences were not statistically significant. However,
the differential responses to counseling indicate a potential effect of genetic-risk knowledge that may
be observed as the predictive power of genetic screening increases. Notably, when surveyed three
months after the study end, participants in the high-risk group reported being more likely to think
about their study results compared to their low-risk counterparts.

GENETIC PREDICTORS OF WEIGHT LOSS AND WEIGHT REGAIN IN THE DIABETES
PREVENTION PROGRAM

Paul Franks, PhD (Lund University, Malmö, Sweden) 2

Dr. Franks championed that maximizing health and minimizing disease burden requires scientists to
consider the genetic characteristics of individuals in the given population. He noted that published and
unpublished data reveal that there are at least 170 single nucleotide polymorphisms (SNPs) in the human
genome that are associated with several aspects of obesity, including weight and adipose tissue. This
number has rapidly increased in the past year. He noted that the genome represents a "conduit" for the
environment to the obesity phenotype, with environment defined both as a patient's everyday surroundings
as well as his/her internal, intrinsic environment of the cells and the blood. He explained that these
environmental factors influence gene expression, which modulates a patient's response to treatments and
likelihood of losing and regaining weight. Dr. Franks then discussed the need for a better understanding of
the genetic variations underlying weight change. He noted that genotypes that not only predict disease but
also predict response to interventions and treatments may prove extremely valuable in the targeted
prevention of diabetes. However, he did note that genotypes alone - at least for common genetic variants -
rarely have large enough effects to be clinically valuable for target medicine. However, uncommon genetic
variants that strongly influence rare diseases have proven useful in the development of targeted prevention
and treatment tools. For diabetes, studying a combination of genetic variants may be a useful therapeutic
approach. To this end, Dr. Franks noted that a clear understanding of, and strategy for, policy in genomic
medicine is likely required.

▪ The Diabetes Prevention Program (DPP) study has produced strong, if not definitive,
evidence of genetic predictors for weight loss. Dr. Franks explained the Genetics Working
Group - of which he is a member - was founded in 2004 to explore the influence of genetic factors on
patients' responses in the DPP study. While the DPP study demonstrated that weight loss can
prevent or delay the onset of type 2 diabetes, participants derived differing levels of benefit from the
study's interventions. The effects of metformin treatment depended on patients' adherence to the
drug, and weight loss varied significantly between different adherence groups. Dr. Franks posited
that certain genetic factors may modulate patients' responses to the study interventions and that
these factors are potentially modifiable. However, though the DPP study was considered to be a
large-scale study in terms of evaluating different treatment interventions, its scale was small from a
genetics perspective.

▪ A meta-analysis of the FTO gene locus indicates the existence of genetic predictors but
also underscores the current challenges in understanding the nature and extent of
these effects. The report (Andreasen et al., Diabetes, 2008) found a statistically significant
interaction between physical activity and the fat mass and obesity-associated (FTO) gene, in which
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one allele of the FTO gene, combined with physical activity, reduces BMI. However, only roughly
half of the subsequent studies have corroborated this finding. Dr. Franks revealed that a meta-
analysis of nearly 250,000 individuals did show a statistically significant interaction in which one
FTO gene allele suppressed the accumulation of BMI by 30% in people who were physically active.
Dr. Ranks noted that while a 30% suppression is not a significant effect, it suggests a role for genetic
factors in weight loss and weight regain, albeit genetic factors strongly linked to people's level of
physical activity.

Symposium: Brown Fat in Humans--What Have We Learned

PHYSIOLOGICAL RELEVANCE OF BROWN FAT IN HUMANS - OBESITY AND INSULIN
RESISTANCE

Eric Ravussin, PhD (Pennington Biomedical Research Center, Baton Rouge, LA)

This fast-paced session focused on the physiological quantification of brown adipose tissue (BAT) activity in
various environments. Dr. Ravussin mentioned that there is currently uncertainty about whether increasing
BAT is beneficial for weight loss. However, as the talk progressed, he noted that increased BAT activity
could be an additional tool to help maintain weight loss when exercise is not fully effective. Data from the
TV show The Biggest Loser showed significant (>500 kcal) reductions of basal metabolic rate (BMR)
compared to predicted values after thirty weeks of very intense exercise. This decrease in BMR may be in
part mediated by BAT-driven thermogenic effects. Dr. Ravussin's discussed his lab's work comparing skin
temperature in body areas known to have high BAT content versus areas with low BAT activity. The
findings indicate that cold temperatures and exercise lead to increased BAT activity, possibly through
regulatory pathways involving leptin, IGF-1 and adiponectin.

▪ Dr. Ravussin repeatedly noted the limitations of studying brown adipose tissue (BAT)
activity in humans. PET/CT scans are typically used to measure BAT but cannot be performed
multiple times in a person due to their high radiation levels. Given the limitations of these scans, Dr.
Ravussin championed an alternative method of comparing skin temperature between areas of the
body with different percentages of BAT. Data resulting from this method are consistent with the
normal literature on BAT activity and show that most people exhibit increased thermogenesis in
colder temperatures. Dr. Ravussin also reviewed a study that found that overfeeding lead to
decreased BAT activity.

▪ To conclude his talk, Dr. Ravussin discussed the potential physiological role of beige
adipose tissue and its influence on BAT activity. He hypothesized that beige adipose tissue
may be associated with BAT mass and activity and noted that future research will hopefully elucidate
this relationship.

Questions and Answers

Q: Why would exercise increase BAT activity? Doesn't that seem counter productive?

A: I am struggling with that too. It is difficult to understand why, say, hunter-gatherers who had to travel 10
kilometers a day would have an unofficial way of wasting calories.

ETHNIC DIFFERENCES IN BROWN FAT

Willa Hsueh, MD (Texas Medical Center, Houston, Texas)

During the first portion of her presentation, Dr. Hsueh described her group's investigation of whether
brown adipose tissue (BAT) activity is correlated with the high prevalence of obesity and metabolic
disorders in Mexican Americans. While they found no overall differences in BAT activity between Mexican
Americans and Caucasians, Mexican American women tended to have higher BAT mass than Caucasian
women, indicating a potential negative influence of BAT mass on the development of metabolic disorders in
this population. Dr. Hsueh then reviewed an array of research using PET/CT scans to quantify BAT activity
in mice. The data indicate that the thyroid receptor beta (TRβ) agonist, GC-1, has markedly positive effects
on BAT activity and fat metabolism.
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▪ In Dr. Hsueh's study, lean and obese mice treated with the thyroid receptor beta (TRβ)
agonist, CG-1, had significantly greater BAT activity compared to control mice.
CG-1-treated mice utilized a significantly greater amount of fat (as indicated by respiratory exchange
ratio) and metabolized more total adipose tissue. While activity levels were similar between groups,
the CG-1 group consumed more food, and data indicate that the enhanced BAT activity increased
body temperature. BAT activity in response to CG-1 was dose dependent. Dr. Hsueh made a
particular point of thanking the late Dr. John Baxter for his research and theories about TRβ.

Mobile Health and Telemedicine

Oral Sessions: Behavioral Diabetes Interventions - Results from the Latest Controlled Trials

CAN YOU HEAR (AND SEE) ME NOW? SKYPE-BASED INTERVENTION FOR TEENS WITH
POORLY CONTROLLED DIABETES (345-OR)

Danny Duke, PhD (Oregon Health & Science University, Portland, OR)

Dr. Duke's provocative presentation (complete with adorable pictures of his granddaughter) discussed the
effectiveness of a behavioral-based family therapy intervention for diabetes (BFST-D) administered via
Skype or face-to-face (in-clinic) for youth with poorly controlled type 1 diabetes. The participants (n=79)
had type 1 diabetes, a mean age of 15 years, and a mean A1c of 11.2%. The study found no significant
differences between conditions with respect to outcomes (glycemic control, self management, and
adherence). In both groups, A1c improved by approximately 1%, and adherence to each program was
comparable. Higher A1c at baseline predicted early dropout. Furthermore, Dr. Duke noted that rates of
ADHD were over three times higher for those who qualified for the study compared to the national average
(30% vs. 9.5%). While the primary results support use of either computer-based or clinic-based delivery of
BFST-D, the study does highlight interesting areas for future research. Dr. Duke expressed his preference
for face-to-face interaction due to a greater ability to pick up on body language, nuance, and attitude - this
is certainly a valuable point. However, assuming equivalent efficacy and that reimbursement is possible for
Skype and Internet-based interventions, we would guess many clinicians and patients would actually prefer
these remote interventions over face-to-face meetings. From our view, healthcare delivery must change and
become easier for patients - we believe mobile health brings great potential, although the "control" element
of some HCPs may have to change.

▪ The 79 participants had a mean A1c of 11.2%, a mean age of 15 years, and a mean
duration of diabetes of 6.7 years. Eighty-three percent were Caucasian, 42% were female, and
43% came from single-parent households. On average, participants completed 6.5/10 sessions
offered over 12 weeks. Evaluation occurred at the start of the program, at the culmination, and after
a three-month follow-up period.

▪ Despite no difference in outcomes between Skype-based and clinic-based BFST-D, Dr.
Duke expressed his preference for face-to-face intervention therapy. He noted that the
qualitative differences between the two settings should be considered: nuance, body language, and
attitude can be assessed more appropriately in a clinic setting.

▪ Higher A1c at baseline predicted early dropout. For these families, there appeared to be
issues that were not addressed in the study. It was also interesting to see a perceived difference of
importance in the Skype condition - Dr. Duke had one blind patient who made it to the in-clinic
session every time, and yet sometimes he had families who couldn't make it to the living room to
turn on Skype! There is no doubt an element of commitment to treatment that needs to be
considered. In the future, Dr. Duke believes investigators should take care to establish rules,
boundaries, and expectations for their participants.

Questions and Answers

Q: Did you look at how much time it took to do the in-office session versus the Skype session?

A: Each were approximately one hour. Ideally, there were no differences.
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Q: If Skype had connectivity issues, did the study continue? Did you continue using the phone?

A: Often it would, but we did not use the phone to continue the session. But that is definitely something we
could consider if we do this in the future. I have done studies in the past about just using the phone and we
have had some good outcomes.

WEIGHT LOSS FOR METABOLIC SYNDROME IN PRIMARY CARE: RESULTS FROM THE
SHINE TELEPHONE TRANSLATION OF THE DIABETES PREVNTION PROGRAM (DPP)
(341-OR)

Ruth Weinstock, MD (SUNY Upstate Medical University, Syracuse, NY)

Dr. Weinstock tested whether lifestyle intervention through telephone calls can be effective at reducing the
risk factors for diabetes. She noted that although intensive lifestyle intervention through the Diabetes
Prevention Program (DPP) can reduce the risk of diabetes by 58%, it is costly to implement and a telephone-
based approach may be preferable. She enrolled 257 patients at risk of diabetes and divided them into two
groups: the DPP lifestyle change program delivered through (1) an individual telephone intervention or (2)
a group telephone intervention (in the form of conference calls with no more than eight other patients). The
study is ongoing, but based on one-year data, there were no differences in weight loss between the two
groups. Mean body weight loss was 4.6% from a baseline of 235 lb and both groups experienced a decrease
of two kg/m in BMI (baseline: 39.3 kg/m ). Waist circumference decreased by 5.1 cm in the solo22

intervention and 6.0 cm in the group intervention. Blood pressure, lipid, and glucose levels did not improve.
Unfortunately, no control group was used. Dr. Weinstock concluded that telephone intervention, both in solo
and group format, is effective. We are encouraged to see that the group intervention was just as effective as
the individual phone calls - this certainly has a cost advantage as well as the potential for peer support.

Questions and Answers

Q: Is there a satisfaction survey for the two groups?

A: Yes, we have satisfaction surveys for the primary care providers and study participants, but we haven't
analyzed those data yet.

Q: Has anyone been put on metformin already for diabetes?

A: Yes, we did record all of their medications. I haven't formally looked at it, but I personally coded the
medications, and I only remembered one or two cases of metformin. The number of patients who used
metformin at baseline or were put on metformin during the study was very low.

INTERNET PROGRAMS FOR YOUTH WITH TYPE 1 DIABETES (T1D) IMPROVE OUTCOMES
(344-OR)

Margaret Grey, PhD (Yale School of Nursing, New Haven, CT)

Dr. Grey began by emphasizing (as many at this ADA have) that the transition to adolescence is a
vulnerable time for young people with type 1 diabetes. While psycho-educational programs can improve
metabolic control, psychosocial adjustment, and quality of life, teenagers' busy lives make it challenging to
engage youth in those programs. To improve youth engagement, Dr. Grey tested two online modules:
TEENCOPE (focused on coping skills training) and the MANAGING DIABETES (focused on diabetes
education). Participants in the study had a mean age of 12 years, a mean A1c of 8.3%, and a mean duration
of diabetes of six years. Participation in the programs was fairly high, with 78% completing four of five
sessions. After one year, teens in both groups reported a significant increase in diabetes problem solving (p
<0.01), goal setting (p <0.01), self-efficacy (p <0.001), and quality of life (p <0.001). A decrease was
observed in collaboration with parents (p <0.001) and stress (p <0.01). (Results were controlled for race,
income, gender, age, duration, therapy type, and site.) A1c has not increased in teens in either group, which
Dr. Greg characterized as a positive development (although given the high baseline A1c of 8.3%, we were
disappointed that no decline was observed). Teens participating in MANAGING DIABETES reported a
significant improvement in social acceptance over time (p <0.001) and less family conflict (p <0.05) than
those in TEENCOPE. Teens participating in TEENCOPE reported better communication (p <0.05) and
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coping (p <0.01) over time. Dr. Greg concluded by saying that Internet programs can improve clinical and
psychosocial outcomes in teenagers undergoing puberty, and that each study confers different additional
benefits.

Questions and Answers

Q: Do family conflicts emerge due to increased communication between the patients and their
families?

A: Yes, that is definitely a possibility.

Q: Are you suggesting that a combination of those programs would be effective?

A: Yes. In fact we just got ADA funding to study just that.

Oral Sessions: Expanding the Domains of Diabetes Education

GAMES ARE A PREFERRED METHOD TO IMPROVE DIABETES KNOWLEDGE AND SELF-
EFFICACY IN ADULTS (71-OR)

David Ziemer, MD, MPH (Emory University, Atlanta, Georgia)

Since it is known that knowledge of A1c, blood pressure, and cholesterol goals ("ABC" goals) improves the
odds of reaching them, a custom computer game called "Wheel of Diabetes" (WOD) was created to teach
patients about the ABCs in a randomized pilot trial. Playing WOD (n=60) was compared to reading a
pamphlet (n=55). The interventions had significant positive effects on knowledge, self-efficacy for
controlling blood glucose, controlling cholesterol, as well as living a normal life. There was a borderline
significant trend towards efficacy for controlling blood pressure (P = 0.08). The two interventions were
equally effective, but a strong majority of the subjects found that the game was more fun (71%), more
interesting (60%), and made learning easier (56%). Seventy-four percent would replay the game rather
than read the pamphlet again. We believe the higher willingness to replay the games rather than read may
provide a viable strategy for diabetes education and reinforcement, not only in a low-literacy adult
population, but likely in populations everywhere. While this was focused at a low-literacy population, it
would be great to see research on gaming and education for a larger adult population - at any rate, we
liked seeing that there was a more effective way to keep the attention of patients with diabetes!

▪ Games are a fun, healthy learning tool that is friendly to low-literacy populations.
Previous studies in a diabetes clinic at a municipal hospital in Atlanta showed that despite finishing
self-management education classes, 50% of patients did not recognize the term A1c and less than
25% of patients knew the A1c target. Since knowing the "ABC" goals improves odds of reaching those
goals, a 'reward and repetition' game was created as an alternative to traditional reading materials to
potentially increase efficacy and retention of education.

▪ The "Wheel of Diabetes" (WOD) game starts with a short lesson about the ABC's,
enhanced by audio and direct manipulation interface on a touch-screen computer. The
game has a simple interface design and simple game rules. The player controls the pace of the game
and learns by practice and repetition. Points and virtual gifts serve as motivational tools. An
incorrect answer prompts an explanation (including audio) of the right answer. The game ends after
four incorrect answers.

▪ One hundred and five volunteers were randomized to play WOD or read a pamphlet.
The groups were instructed on how to use the touchscreen game. Each was limited to ten minutes
with the game or with the pamphlet. There were both pre- and post-intervention tests: an eight-
question knowledge test and a four-question self-efficacy test. Afterwards, participants completed
the other intervention and a learning experience survey. Participants were recruited in the Grady
Diabetes Center, a hospital-based outpatient clinic with low literacy rates. The population was 91%
African American and 71% female with mean age of 55 (20-85) years and mean diabetes duration of
11 years; 69% had not or rarely played computer games before.
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▪ Both playing the game and reading the pamphlet increased scores on the knowledge
test by one question. However, there were no differences between the groups. Interestingly,
having played a computer game before impaired your knowledge score. Games were ranked as more
fun, more interesting, and easier to learn from; 74% said they would rather play the game again.

▪ The interventions had significant positive effects on knowledge (p <0.001), self-
efficacy for controlling blood glucose (p=0.001), controlling cholesterol (p=0.007), as
well as living a normal life (p=0.008). There was a trend effect on efficacy for controlling
blood pressure (p=0.08). The two interventions were equally effective (between intervention p=
0.637, p=0.983, p=0.771, p=0.429, p=0.734, respectively). A strong majority of the subjects found
that the game was more fun (71%), more interesting (60%) and made learning easier (56%).
Seventy-four percent would replay the game rather than read the pamphlet again.

▪ Future enhancements may include tailoring lessons to knowledge levels, broader
topics, and more complex information and questions, plus a larger pool of questions.
More research is needed to see whether knowledge retention time differs, whether different rewards
systems and competition impact results, and if it can be used for applied knowledge and problem
solving vs. facts.

Questions and Answers

Q: This was done in a clinic - would a future iteration involve a home component?

A: That would be nice. However, while our particular population has more computers than we expected, not
everyone does. It's a limiting factor. We see this more as a waiting room tool.

Q: Did you use specific strategies to involve and engage older individuals?

A: We were surprised by the older cohort who enjoyed the games. We didn't specifically target them (they
volunteered) and don't have specific strategies for the elderly. This was focused on low-literacy populations.

Oral Sessions: Improving Health Care Delivery and Health Outcomes

COMPARISON OF TELE-HEALTH WITH USUAL CASE MANAGEMENT IN PATIENTS WITH
DIABETES (312-OR)

Nacide Ercan-Fang, MD (VA Medical Center, Minneapolis, MN)

Dr. Ercan-Fang studied the effectiveness of home telemonitoring by nurses as compared with conventional
nurse case management. She first noted that nurse case management alone, when compared with usual
diabetes care, achieved better control of A1c and higher patient satisfaction than usual treatment. To study
whether a telehealth system (where nurses receive data from patients using the telephone) further improves
patient outcomes, Dr. Ercan-Fang conducted a randomized controlled trial. Patients (n = 187) with a
baseline A1c of >9.0% (no mean provided) were assigned to either nurse case management with
conventional monitoring or telemonitoring. After nine months, the mean decrease in A1c was similar
between the two groups: 1.25% for telehealth case management vs. 1.43% for conventional management
(p=0.47). The proportion of patients reaching a blood pressure goal of <130/80 mmHg was also similar:
34% of patients in the telemonitoring group and 35% of patients in the conventional monitoring group
(p=0.68). The total number of successful contacts per person was higher in the telemonitoring group (17 vs.
10; p <0.0001) and the mean duration of contact was shorter for those using telemonitoring (8.6 minutes
vs. 10.2 minutes; p=0.01). However, this meant that telemonitoring had a higher total contact time. Dr.
Ercan-Fang concluded that telemonitoring did not offer greater improvements over traditional nurse case
management, and in fact, it may lead to greater costs stemming from increased contact time between
patients and nurses using telemonitoring.

Questions and Answers

Q: Did you look into the number of contacts the patient had before and during the study?

A: Patients did not receive case management before the study, so this is not relevant.
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Q: How much did it cost?

A: I wish I knew, but I suspect it's not cost-effective.

Q: How did you assess satisfaction?

A: It's an online survey that asks whether they're depressed and such in order to assess happiness. We chose
what we thought was the best method of assessment available.

Q: Did case managers manage differently for the two groups?

A: They were virtually no differences in the way they manage. They have set protocols and I was always the
endocrinologist.

Posters

MOBILE DIABETES INTERVENTION FOR GLYCEMIC CONTROL: IMPACT ON PHYSICIANS
PRESCRIBING BEHAVIOR (803-P)

Charlene Quinn, Patricia Sareh, Michelle Shardell, Michael Terrin, Ann Gruber-Baldini

WellDoc reported new data from an already published study for its mobile phone-based diabetes self-
management system, the DiabetesManager. Results from the trial were first published in Diabetes Care in
2011 (Quinn et al.). In the one-year trial, an average A1c decline of 1.9% was observed among participants
with type 2 diabetes using the DiabetesManager system versus a 0.7% decline among those receiving
standard care only (control) from a baseline of approximately 9.2 -9.9%. For our coverage of this trial and
more extensive information on the DiabetesManager, please see page 64 of our AADE 2011 coverage at
http://www.closeconcerns.com/knowledgebase/r/4d564b76. This particular presentation focused on how
medication management by physicians is influenced by their use of the system's associated Clinical Decision
Support tool and their patients' use of Mobile Diabetes Intervention System (MDIS)..The study found that
when a physician used Clinical Decision Support and their patients used MDIS, there were nearly twice as
many medication changes than with regular care alone (i.e., 66.5% of treatment group patients experienced
medication changes versus 36.4% in the regular care group). Although not statistically significant (p =0.12),
the study's investigators argued that the finding could be clinically significant given the results for the
parent study. They also hypothesized that the lack of statistical significance could have been due to inclusion
criteria that required all patients to be on an anti-diabetic medication. Diving deeper, more participants
randomized to receive intervention (47%) than usual care (27%) had had their insulin and oral anti-diabetic
medications adjusted (dose changes or medications dropped), although this result was again not
statistically significant (p=0.09). Examining by anti-diabetic class, participants randomized to receive the
intervention were more likely to experience changes and intensification in metformin (p=0.03) and were
more likely to have GLP-1 agonists added (p=0.008). Statistically significant differences with other anti-
diabetic medications were not observed, and no differences in prescribing behavior for antihypertensive or
antilipemic medications were found. Altogether, these results suggest that the Diabetes Manager (by
providing analyzed patient self-management data and treatment recommendations) is capable of
impacting how healthcare providers manage medications for their diabetes patients.

Symposium: Which Technologies Have Impact on Clinical and Behavioral Outcomes in
Diabetes?

DIABETES MEDICATION MANAGEMENT - LEVERAGING WEBSITES, PATIENT PORTALS,
AND MOBILE DEVICES

Chandra Osborn, PhD, MPH (Vanderbilt University Medical Center, Nashville, TN)

Non-adherence to medication regimens is associated with poor glycemic control, increased risk of
hospitalization and mortality, and higher healthcare costs, yet sustainable and cost-effective solutions to
this problem remain elusive. Dr. Osborn sought to explore the use of health information technologies in
improving adherence and presented data specific to the My Health at Vanderbilt (MHAV) patient portal.
Previous findings indicated that use of MHAV was associated with enhanced glycemic control - this study
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aimed to better characterize why. Using focus groups and surveys of people with an average A1c of 7.2%
and an average diabetes duration of eight years, Dr. Osborn found that most patients use the MHAV to view
lab results (75%), medical records (62%), and communicate with their providers (62%). Additionally, more
frequent usage of appointment management tools on the MHAV was associated with better glycemic control
(p <0.05). Interestingly, most patients had never accessed the diabetes educational content on the portal or
could not understand it. Patients supported receiving reader-friendly information about their medications
and electronic reminders for doses and refills. With this in mind, a medication management program is in
development to be tested in a future randomized controlled trial.

▪ Dr. Osborn sought to parse out why use of the patient portal My Health at Vanderbilt
(MHAV) was associated with better glycemic control. The aim was to inform the
development of integrated medication management support. Recent studies have found that
education and reminders to take doses are not effective enough in improving medication adherence.
Dr. Osborn believes that patients need integrated systems that engage them and motivate them to
take their medications. She asked: (1) Why do patients with diabetes use MHAV? (2) Is the
frequency of use associated with glycemic control? (3) Do users access the educational content
available in their account? (4) Would users be interested in receiving medication management
support?

▪ Dr. Osborn administered focus groups and surveys to 45 participants with an average
A1c of 7.2%, an average age of 52 years, and an average diabetes duration of eight
years. Thirty-six of the participants were on oral medication only, seven were on insulin only, and
nine were on both. The survey was also administered to an additional 16 people who were not able
or willing to participate in the focus group. Participants self-reported MHAV usage and medication
adherence.

▪ Most patients used MHAV to view lab results (75%), access medical records (62%), and
message providers (62%); greater usage of appointment management tools was
associated with better glycemic control (p <0.05). Patients were very enthusiastic about
medication management support integrated into patient portal accounts. Participants offered many
suggestions for the type of support they would like to see, including specific and straightforward
information about each medication in their regimen, drug interaction information, how to judge
when a side effect is cause for concern, receiving electronic notifications for doses and refills, and an
electronic means for updating the hospital's record of their list of medications. Interestingly, even
though patients had access to educational content on the MHAV, most had never accessed it or
could not understand it.

▪ Dr. Osborn acknowledged the limitations of her study: this was a very limited demographic,
she studied only one type of patient portal, confounding variables were not controlled for, and using
mixed methods limited the quantitative analysis she was able to perform. The upside of this
approach, however, was an understanding from different perspectives.

Questions and Answers

Q: What do you think is the most important barrier in diabetes medication management?

A: The most important barrier is physician endorsement of the portal. Physicians are the most important
facilitator of use. When they say, "this is how you contact me, so sign up!" patients will sign up. The biggest
barrier to use of the portal is messages that are not responded to by the provider, or having a bad user
experience with the portal.

Q: How are you dealing with challenges such as poor medical literacy and socioeconomically
disadvantaged patients who aren't using smart phones? How are you getting to them and
dealing with medical literacy?

A: There is a study going on using text messaging to promote medication adherence in lower income
populations - it's certainly a challenge and one that a lot of people are interested in.
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Q: Have you tried using this when medications change to ensure a patient understands the
change in regimen?

A: That certainly has potential. At Vanderbilt we have a program for primary care patients with diabetes that
does do that, not only just for medication, but also for other issues. For medication adherence interventions
that would be critical and very valuable.

Q: Yes because as good as the technology is -

A: That personal contact is very valuable, yes.

Symposium: How and Who Best Supports Diabetes Self-Management?

SELF-MANAGEMENT TELEPHONE SUPPORT WITH NURSE CARE MANAGEMENT

Margaret Handley, PhD (University of California San Francisco, San Francisco, CA)

Dr. Handley described the use of Automated Telephone Self-Management (ATSM) in addressing
communication barriers in traditional diabetes care. She noted that limited health literacy arising from
language or educational deficiencies is associated with lower glycemic control, poor communication
between clinicians and patients, confusion with results, and misunderstanding of treatment instructions.
Given that 97% of adults in California have access to a phone, Dr. Handley and her team decided that ATSM
could provide an effective, inexpensive, and flexible method for Limited English Proficiency (LEP) patients.
To set-up, the ATSM system costs $65,167, while ongoing costs are $32,333. A 39-week randomized trial
involving weekly phone calls to 339 patients (43% Spanish-speaking, 11% Cantonese-speaking) gave
insights into the usefulness of ATSM. Over 93% of participants completed at least one phone call, and 84%
used the knowledge they gained from the intervention to create an action plan. Self-management behaviors
improved drastically, particularly with respect to diet and exercise. Patients reported that ATSM gave them
a heightened sense of awareness about their diabetes, increased their self-efficiency, and ignited a sense of
empowerment.

▪ The Automated Telephone Self-Management system involved extensively reviewed
automated questions about self-management behaviors. Questions were rotated
throughout different weeks. The management system also included educational narratives based on
management behavior answers. These narratives were designed to help define strategies for
conquering difficulties. Responses were reviewed and a nurse followed-up with patients within 24
hours to discuss treatment, action plans, and concerns.

▪ Dr. Handley partnered with the San Francisco Health Plan to implement ATSM in
their communities. They designed a 27-week intervention program similar to that described
above. Given staff restrictions, many individuals were waitlisted, providing control data throughout
that period. Of the 273 participants, 26% were Latino, 60% Asian pacific, and 77% were female.
Cantonese speakers showed greatest adherence to the program, with over 90% of Cantonese-
speakers completing more than one call throughout the intervention. Otherwise, 85% of all those
enrolled completed more than one call, and physical health, glucose monitoring, and foot care all
greatly improved.

Questions and Answers

Q: Would it be possible to use ATSM on the web or your mobile phone?

A: Great question - we have been trying to figure out ways to take some of the narratives and put them into
other modes. Would they like an app? On their cell-phone? Texts? We have had those conversations and we
are looking into it right now. But we want to keep it a free service.

Q: Did you break it down by cost per patient?

A: Yes. I don't remember the data, but the biggest cost when we broke it down was the cost for the nurse
practitioner's time.
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Q: You were trying to get a lot of information on a short time on the phone, and the few
questions you did ask seemed like negative questions. Was there a thought about how that
would sound to subjects? Did you give them an opportunity to say what they were doing right?

A: There are some questions for unmet needs, but they are asking about behavioral risks essentially. We built
reassurance into the narratives when they were concerned about something.

Q: Did it seem that they were hypersensitive to providing negative self-management to health
care providers?

A: It's a clear question, but we haven't looked at that extensively. We hope to in the future.

Q: Did you ever think of converting this program aimed at people with low education status?

A: Although the majority of patients are non-English speaking, we do have an English component as well.
Patients in that context also have low literacy, so the English option has been useful in that context.

Type 1 Therapies (Cure Related)

Oral Sessions: Late-Breaking Abstracts

CO-STIMULATION MODULATION WITH ABATACEPT IN PATIENTS WITH RECENT ONSET
TYPE 1 DIABETES: AFOLLOW UP STUDY AT 3 YEARS (150-LB)

Tihamer Orban, MD (Joslin Diabetes Center, Boston, MA)

Dr. Orban presented results from the three-year follow up of a study that examined the effects of abatacept
(CTLA4-Ig, BMS' Orencia) on preservation of beta-cell function in type 1 diabetes. As a reminder, results
from this trial presented at last year's ADA suggested that abatacept could significantly preserve C-peptide
compared to placebo after 24 months (for more details, see our ADA 2011 Full Report at bit.ly/ousuyX).
Participants were randomized to 27 intravenous infusions of either placebo or abatacept over two years.
Subjects were then not treated but followed for an additional year. The study remained double-blinded
throughout. Adjusted mean AUC C-peptide was significantly higher in the abatacept than placebo-treated
group at 36 months (p=0.033). Although abatacept treatment seemed to have a major effect at the
beginning of treatment, after six months, rates of C-peptide decline became parallel between the study's two
arms. Abatacept treatment delayed decline in beta cell function by 9.5 months compared to placebo.
Notably, participants treated with abatacept had significantly lower A1cs during the study. However, there
was no difference in insulin dose among abatacept and placebo-treated groups at 24 through 36 months. In
light of these findings, Dr. Orban suggested that abatacept might be useful in individuals at high risk of type
1 diabetes or as one component in studies testing combinations of treatment strategies.

▪ Dr. Orban presented results from three-year follow up of a phase 2 trial examining the
effects of abatacept on preservation of beta-cell function in type 1 diabetes. Results from
this trial presented at last year's ADA suggested that abatacept could significantly preserve C-
peptide compared to placebo after 24 months (for more details, see our ADA 2011 Full Report at
bit.ly/ousuyX). As a reminder, abatacept (CTLA4-Ig, BMS's Orencia) is a selective T cell
costimulation modulator that impairs the full activation of T cells. It has been approved in the
United States for use in rheumatoid arthritis and juvenile idiopathic arthritis. It functions by
binding to the CD80/86 complex, thus impairing the signaling between antigen presenting cells and
T cells.

▪ As a reminder, participants (n=112) in this trial were randomized to receive 27
intravenous infusions of either abatacept or placebo over two years. Infusions were given
in an outpatient setting without any intravenous medication. Abatacept was administered at 10 mg/
kg, with a maximum dose of 1000 mg. After treatment ended, subjects were followed for an
additional year. The study remained double-blinded throughout. The study's primary outcome
measure was mean C-peptide area under the curve after two hours of a four-hour mixed meal
tolerance test. Secondary outcomes included rate of change of C-peptide, time to first stimulated C-
peptide less than 0.2 nmol/L, A1c levels and insulin doses at regular time points throughout the
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study, and several safety and mechanistic parameters. Out of 77 patients originally in the abatacept
arm, 64 had 36-month data collected (73 had two-year data collected). Of the 35 patients originally
in the placebo group, 29 had data collected at 36 months (30 did at 24 months). Furthermore, 69%
and 66% of abatacept and placebo-treated patients, respectively, received all 27 study doses.

▪ Adjusted mean C-peptide was significantly higher in the abatacept than placebo-
treated group at 36 months (p=0.033). The mean AUC C-peptide for the abatacept group was
0.215 nmol/L [0.168, 0.265], while that for the placebo group was 0.135 [0.069, 0.205]. Notably,
abatacept seemed to have a major effect only at the beginning of treatment. Although abatacept was
given continuously for 24 months, declines in beta cell function became parallel between the study's
two groups after six months. According to Dr. Orban, this trend suggests that there is likely
significant T-cell activation that the drug can have an effect on at the time of diagnosis. However,
after that, the autoimmune process may be co-stimulation independent.

▪ Abatacept treatment delayed C-peptide decline by 9.5 months versus placebo.
Participants treated with abatacept had significantly better A1cs during the study. Additionally,
significantly more abatacept than placebo-treated subjects had C-peptides above 0.2 nmol/L.
However, there was no significant difference in insulin dose among the two groups at 24 through 36
months. Subgroup analyses showed no association between age or C-peptide entry status and three-
year C-peptide level.

▪ Based on these findings, abatacept might be useful in individuals at high risk of type 1
diabetes or as one component in studies testing combinations of treatment strategies.

Questions and Answers

Q: Do you have any data on hypoglycemia in the follow-up? If patients had more C-peptide,
was there a change in hypoglycemia. Also, do you think six months of treatment would be
enough in a phase 3 trial?

A: There was no difference in terms of metabolic complications for treated and non-treated patients. The
second question is very good. It seems that you may not need a full two years of treatment to achieve an effect.
We don't know how long treatment needs to be though. We will need to try a shorter course and see if there is
still an effect.

Q: Did you have CGM data?

A: No.

Q: A1c levels were not static in the trial. They started from around 6% and went up to 7.5 or
8%. There was a continuous increase over the three years. Can you talk about this?

A: I think that when you're treating young children and teenagers, it's pretty typical for A1c to gradually
increase after two or three year post-diagnosis. It is partially due to the eventual loss of C-peptide. However,
there was a difference in A1c between the two groups and A1c levels can have a huge impact on future
complications.

Q: Since there were differences in A1c levels, maybe it is reasonable to assume that there were
also differences in glucose levels between the two groups. Did you try to relate C-peptide to
glucose levels?

A: We didn't.

Q: Have you looked at any immune parameters from treatment to post treatment?

A: Yes, we did. We will be presenting this data in Vancouver in focus meetings though, so I would rather not
say what the results are.
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Oral Sessions: Human Immunology and Diabetes

ADMINISTRATION OF CD4+CD25HIGHCD127- T REGULATORY CELLS AS A THERAPY FOR
REMISSION IN TYPE 1 DIABETES IN CHILDREN (86-OR)

Piotr Tronzkowski, MD, PhD (University of Lodz, Lodz, Poland)

Type 1 diabetes has been hypothesized to develop due to a combination of either low levels of regulatory T-
cells (T-regs) or impaired T-reg function, or excessive numbers of autoaggressive cells. Dr. Tronzkowski
and his colleagues explored whether correcting the imbalance between low levels of T-regs and high levels
of autoreactive cells could stop or delay development of diabetes. Their study enrolled 11 patients five to 18
years old who had been diagnosed with type 1 diabetes within the last two months, had C-peptide levels of at
least 0.4 ng/ml, and had at least one anti-islet autantibody. Subjects were infused with up to 20x10 /kg6

autologous CD3 CD4 CD25 CD127 T-regs sorted with a single-use-sample-line FACS sorter and-high++

expanded under good manufacturing practice conditions. After administration, subjects' peripheral blood
T-reg levels almost doubled, suggesting a correct dose was used. Up to now, no adverse events have been
noted with the therapy (this is the most important outcome since it is a phase 1 study). In terms of clinical
outcomes, treated patients had higher mean C-peptide levels than non-treated controls used for comparison
(n=122) starting at four months post-transfer, suggesting that therapy prolonged beta cell function. T-reg
treated patients also had lower mean insulin doses than controls at two, four, and six months. One treated
patient notably no longer needed insulin at four months. However, T-reg levels declined to baseline by 9 -12
months, which might have limited the efficacy of the protocol - Dr. Tronzkowski's group has now received
approval for a protocol that allows for re-injection of T-regs. The group is also exploring further method
modifications.

Questions and Answers

Q: Did you do a functional assay?

A: We performed a functional assay, as well as a biological contamination assay to make sure the cell swere
pure. The details of that will be published next month in Diabetes Care. All the details will be there.

Q: Did you check for CD127?

A: Yes, there was usually a small population of positive cells, but not more than 15-20%. They were very often
negative.

TEPLIZUMAB PRESERVES INSULIN PRODUCTION IN TYPE 1 DIABETES AFTER THE NEW
ONSET PERIOD (85-OR)

Kevan Herold, MD (Yale University, New Haven, CT)

Successful immune therapy trials have generally enrolled subjects within three months of diagnosis because
it was thought that therapies lost efficacy as beta cell mass declined. However, prospective studies have
clearly shown that clinically significant insulin secretion is still detectable in patients after one year,
suggesting that therapies might have an effect even outside the three-month window. In the "Delay" trial,
Dr. Herold and his colleagues examined whether treatment with the anti-CD3 monoclonal antibody
teplizumab could have an effect even after the new onset period (defined as later than 3 months post-
diagnosis). This randomized, controlled trial tested whether a 14-day course of teplizumab could prevent C-
peptide decline after one year in subjects with diabetes of four to 12 months duration. Patients in the study
(n=58) were classified into two strata based on diabetes duration - those in stratum 1 were enrolled at four
to eight months post-diagnosis and those in stratum 2 were enrolled at nine to 12 months. At twelve months,
C-peptide AUC was significantly (21.7%) higher in drug versus placebo-treated patients, suggesting that the
effect of teplizumab on C-peptide loss in type 1 diabetes is not limited to the new-onset period. Notably,
stratum 1 patients drove this difference. A 37.2% improvement in C-peptide AUC was seen at 12 months in
those teplizumab vs. placebo-treated patients with A1cs ≤ 6.5. However, no difference in this metric was
observed between drug vs. placebo-treated patients with A1cs > 6.5%, at either six or twelve months. Drug
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efficacy was greatest in younger (8-14 year old) subjects. According to Dr. Herold, the basis for differences
in response in younger subjects and those with lower A1cs is unclear.

▪ Successful immune therapy trials have typically enrolled subjects within three months
after diagnosis because it was thought that therapies lost efficacy when beta cell mass declined.
However, this hypothesis had never been formally tested and it is now clear from prospective studies
of insulin secretion that clinically significant insulin secretion is still detectable in most patients
after the first year of disease.

▪ In the "Delay" trial, Dr. Herold and his colleagues tested whether treatment with the
anti-CD3 monoclonal antibody teplizumab could have an effect even after the new
onset period (defined as after 3 months post-diagnosis). This randomized, controlled trial
tested whether a 14-day course of teplizumab could prevent C-peptide decline after one year. It
enrolled subjects (n=58 by the study's end) with type 1 diabetes of duration four-12 months, and a
stimulated C-peptide of at least 0.2 pmol/ml. Randomization was 1:1 drug to placebo, by disease
duration stratum (stratum 1 included patients with diabetes duration of four to eight months at
baseline, while stratum 2 subjects had diabetes of duration 9-12 months at baseline). The study's
primary endpoint was difference in C-peptide in response to a mixed-meal test, adjusted for
baseline, one year after enrollment. The average age of study participants was 12, which Dr. Herold
said was important to note when comparing this study to previous ones. A potential confounding
factor was that baseline A1c was different in drug vs. placebo treated patients. At one year, all
subjects with detectable insulin were eligible to receive the active drug.

▪ C-peptide AUC was significantly (21.7%) higher in drug versus placebo-treated
patients after 12 months. Notably, stratum 1 patients drove this difference. Drug-treated
subjects used significantly less insulin at twelve months, again driven by those whose diabetes
duration was four to eight months. There was no significant effect of treatment on A1c, either in
terms of baseline adjusted A1c or change in A1c.

▪ Interestingly, a 37.2% improvement in C-peptide AUC was seen at 12 months in
teplizumab vs. placebo-treated patients with A1cs ≤ 6.5. However, no difference in this
metric was observed in treated vs. placebo patients with A1cs > 6.5%, at either six or twelve months.
Notably, drug efficacy was greatest in younger (8-14 year old) subjects. Additionally, treatment was
associated with an increase in IL-10 secretion by CD8+ T cells and clinical responders could be
distinguished from nonresponders by an increased in absolute number of CD8 central memory cells.
Reported grade 3 and 4 adverse events associated with treatment included transient cytopenia,
cytokine release, and drug hypersensitivity. In general, adverse events were well tolerated, not
frequent, and reversible.

Oral Sessions: Novel Agents for Diabetes Management

RECENT DATA FROM DIA-AID 1, A GLOBAL PHASE III CLINCAL STUDY IN NEWLY
DIAGNOSED TYPE 1 DIABETES PATIENTS (292-OR)

Paolo Pozzilli, MD (Barts and the London School of Medicine and Dentistry, London, UK)

Dr. Pozzilli reported results from the DIA-AID1 phase 3 trial for Andromeda's type 1 diabetes therapy
DiaPep277. As a reminder, the study randomized 457 adolescents or adults (16-45 years) recently diagnosed
with type 1 diabetes (within three months of screening) to receive either 1.0 mg DiaPep277 or placebo for
two years. At baseline, average age was 27 years, time from diagnosis was 2.8 years, and A1c was 7.3% in
the DiaPep277 arm and 7.5% in the placebo arm (p=ns). Topline results previously announced
demonstrated that DiaPep277 treatment led to: 1) a statistically significant preservation of stimulated C-
peptide secretion (via a glucagon-stimulated test) over placebo (23.4% relative change; p=0.037; mITT
analysis) - the study's primary endpoint; 2) a greater percentage of individuals achieving an A1c < 7% at
the study's (56% vs 44%; p=0.035); 3) no significant improvement in fasting C-peptide over placebo; 4) no
significant improvement in mixed-meal stimulated C-peptide over placebo; 5) a lower rate of hypoglycemic
events in the per protocol population over placebo (p<0.05); and 6) a greater percentage of individuals
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achieving a composite endpoint ofA1c < 7.0% and an insulin dose < 0.5 IU/kg/day in the completer
population over placebo (41% vs 30%, p=0.035). Additional results reported today by Dr. Pozzilli included
than an even greater preservation of glucagon-stimulated C-peptide occurred with DiaPep277 in the
completer population over placebo (29% relative change; p=0.011) and that there were no significant
differences in the occurrence of overall adverse events, drug related adverse events, or severe adverse
events between the groups. Interestingly, during Q&A, Dr. Pozzilli hypothesized that the non-significant
result for change in mixed-meal stimulated C-peptide may have been due to stimulation of the incretin axis
with the mixed-meal test. For more details on the DIA-AID1 study design, topline results, and development
program, please see the November 22, 2011 Closer Look at http://www.closeconcerns.com/knowledgebase/
r/f6feebcd. We also note that DiaPep277 was granted orphan drug status by the FDA in May.

Questions and Answers

Q: Was there any change in weight?

A: There was no change in weight.

Q: Have you look at differences in efficacy depending on the number of autoantibodies
expressed?

A: We are examining that right now.

Q: Were there any elevations in adverse events at all in the DiaPep277 arm?

A: There was some bruising near the infusion site. However, we found the therapy to be very safe.

Q: Have you had the chance to look at different subgroups yet, like age, C-peptide, duration of
diabetes, HLA haplotype, etc.?

A: We are still looking into that. There are certainly a number of interesting subgroups that we can look at
that might show differential efficacy.

Q: Can you speculate why you didn't see anything in the mixed-meal tolerance test?

A: The glucagon stimulation test has been used for many years as the gold standard test for C-peptide
response. That is particularly true in adults. The fact that there was no difference in C-peptide with the mixed-
meal test leads me to speculate that the mixed-meal test may have stimulated the incretin axis. We are unsure
of what the GLP-1 response was in this patient population and how the GLP-1 response impacted beta cells.
With the glucagon stimulation test, however, you get a more direct hit on beta cells. So, these tests rely on
different mechanisms. The glucagon stimulation test is less affected by age, body weight and a number of
other factors compared to the mixed-meal test.

Q: Why did you choose a 16 years and up population?

A: This decision was based upon a previous trial conducted in children that demonstrated DiaPep277 was not
effective in preserving glucagon stimulated C-peptide. The idea was just to focus on the adult population, in
which DiaPep277 was suggested to be effective in preserving glucagon stimulated C-peptide in a separate trial.
Given that the drug is quite safe, my personal view is that we have to reconsider using DiaPep277 in specific
subgroups of patients with new onset disease at a younger age. For example, we could look at individuals with
low risk HLA haplotypes and a lower number of expressed islet autoantibodies. If numerous autoantibodies
are already expressed and an individual possesses strong HLA haplotypes, the drug probably won't work.

Oral Sessions: Clinical Islet Transplantation

BETA-CELL SECRETORY CAPACITY IN HUMAN ISLET TRANSPLANTATION ACCORDING TO
THE CIT07 PROTOCOL (156-OR)

Michael Rickels, MD (University of Pennsylvania School of Medicine, Philadelphia, PA)

Dr. Rickels presented data comparing beta cell secretory capacity in people with type 1 diabetes who had
received an islet transplantion with the Clinical Islet Transplantation 07 (CIT07) protocol vs the Edmonton
protocol. The two protocols differed in the induction therapy, anticoagulation therapy, and insulin therapy
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used, but both protocols utilized the same immunosuppression maintenance therapy (see below for details).
A glucose-potentiated arginine test was used to assess beta cell secretory capacity at 75 days post-
transplant in 11 people that underwent the CIT07 protocol and five individuals who received an islet
transplantation with the Edmonton protocol. Insulin response after the glucose-potentiated arginine test
was significantly greater (p<0.05) with the CIT07 protocol than the Edmonton protocol. Based on this data,
Dr. Rickels concluded that engrafted islet beta cell mass was markedly improved with the CITo7 protocol.
Moreover, because fewer islets were transplanted in patients that underwent the CIT07 protocol, he argued
that a greater proportion of islets appeared to survive with this protocol compared to the Edmonton
protocol. While he could not discern which aspect of the CIT07 protocol conferred the improved results, he
suggested that it was likely that each played a role.

▪ Although the Edmonton and CIT07 protocols used similar immunosuppression
maintenance therapies, the protocols used different immunosuppression induction
therapies, anticoagulation therapies, and insulin regimens. Dr. Rickels drew particular
attention to the immunosuppression induction therapy used in the CIT07 protocol. Anti-thymocyte
globulin therapy (6 mg/kg divided) began at two days pre-transplant and continued for two days
post-transplant. Etanercept therapy (50 mg IV f/b 25 mg SQ x 3) began at implantation and
continued for 10 days.

Table 1: Edmonton vs CIT07 Protocol

Edmonton Protocol CIT07 Protocol

Induction Therapy Daclizumab Anti-Thymocyte Globulin

Etanercept

Maintenance Therapy Tacrolimus (low dose) and

Sirolimus

Tacrolimus (low dose) and

Sirolimus

Anticoagulation Therapy Heparin with Islets Heparin for One Week

Insulin Regimen For Hyperglycemia Intensive Insulin Therapy for

Two Months

▪ The study used glucose-potentiated arginine tests at 75 days post-transplant to
measure beta cell secretory capacity. Five individuals with type 1 diabetes received a
transplant through the Edmonton protocol (14,313 islet equivalents/kg body weight), and 11
individuals with type 1 diabetes received a transplant though the CIT07 protocol (10,090 islet
equivalents/kg body weight). 11 individuals without type 1 diabetes who did not receive an islet
transplant were also included in the study as an additional comparison. At 75 days post-transplant,
average age was 34 years, A1c was 6.1%, FPG was 100 mg/dl, and BMI was 21 kg/m in the2

Edmonton protocol arm. In the CIT07 protocol arm, average age was 30 years, A1c was 5.6%, FPG
was 103 mg/dl, and BMI was 23 kg/m . In the non-diabetic arm, average A1c was 5.3%, FPG was 812

mg/dl, and BMI was 24 kg/m . Of note, the average number of islet equivalents per kg body weight2

received in the CIT07 arm was significantly less than that received in the Edmonton protocol arm
(p<0.05).
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▪ Insulin response after the glucose-potentiated arginine test was markedly greater
(p<0.05) with the CIT07 protocol than the Edmonton protocol. While exact numbers were
not given, we estimated about a 20 μU/ml increase in acute insulin response based off the chart
shown. However, the CITo7 protocol still had a significantly less insulin response (p<0.001)
compared to the group without type 1 diabetes. There was no statistically significant difference
observed in insulin response following the non-glucose potentiated arginine test between the
Edmonton and CIT07 arms. At the end of his presentation, Dr. Rickels noted that seven participants
in the CIT07 arm had completed reassessment one year post-transplant, and each exhibited similar
or greater beta cell secretory capacity (based on the glucose-potentiated arginine test). Based on
these results, Dr. Rickels concluded that maintenance immunosuppression with low-dose tacrolimus
and sirolimus (as introduced by the Edmonton protocol) may not be toxic to transplanted islets.
While he could not discern which aspect of the CIT07 protocol conferred the improved results, he
suggested that it was likely that each played a role.

SITAGLIPTIN PLUS PANTOPRAZOLE ENHANCES GRAFT FUNCTION AND TEMPORARILY
RESTORES INSULIN INDEPEDENCE IN CLINICAL ISLET TRANSPLANTATION (157-OR)

Peter Senior, MD, PhD (University of Alberta, Edmonton, Canada)

Dr. Senior presented the results from a study assessing combined sitagliptin and pantroprazole therapy on
islet regeneration after transplant. Eight individuals (68 kg [149.6 lb], 2 islet transplants, 57 months since
last transplant; 6.3% A1c) with early islet graft dysfunction were treated with sitagliptin (100 mg daily)
and pantoprazole (80 mg daily - editor's note - the slide said 80 mg, but the abstract said 40 mg) for six
months. Dr. Senior defined early graft dysfunction as A1c levels > 6% and < 7.5%, fasting glucose >7
mmol/L (126 mg/dl), or random glucose >10 mmol/L (180 mg/dl) and total insulin use < 10 units/day.
Glycemic control and graft function were assessed at baseline, three months and six months after
intervention, and following a three-month washout period. Dr. Senior described the several trends observed
over these time intervals. First, while A1c decreased after one month of treatment, A1c levels plateaued
through the remaining treatment course and increased when treatment was withdrawn. Second, he found
no statistically significant differences in mean fasting and stimulated C-peptide/glucose ratios throughout
the study. Third, while CGMS data showed no significant change in sensor detected average glucose levels,
he suggested three reassuring findings: 1) the sensor data suggested relatively good glycemic control during
the study (6.8 mmol/L [122.4 mg/dl], 7.1 mmol/L [127.8 mg/dl], 6.8 mmol/L [122.4 mg/dl], and 7.0 mmol/L
[126 mg/dl] at baseline, three, six, and nine months, respectively); 2) treatment did not increase the
proportion of time spent in hypoglycemia; and 3) standard deviation was numerically lower with treatment
suggesting no deterioration in control. Fourth, Dr. Senior pointed to five patients who achieved insulin
independence after six months of treatment. However, when the drugs were withdrawn, these patients
resumed insulin use with increased dose requirements. Finally, Dr. Senior noted that the therapy was safe
and well tolerated with no significant side effects (although there were two cases of transient mild
gastrointestinal side effects) or weight changes. Dr. Senior concluded that while treatment may improve
graft function, improvements were not sustained when treatment was withdrawn. Furthermore, he saw no
evidence for beta cell regeneration with sitagliptin and pantoprazole intervention.

Questions and Answers

Q: While there was no sustained regeneration, there was no parallel group you didn't treat.

A: We chose a very narrow number. There is the potential we've slowed down a decline we might have seen
otherwise.

Q: The only point changed was people being transiently taken off insulin. What were the
criteria for a patient to be taken off insulin?

A: Stopping insulin is subjective criteria. We were fairly strict in terms of blood glucose parameter, pre-meal
and post-meal levels, which is why it's important we've taken them off insulin. Indeed A1c margin did better
in the first month after treatment. When you remove the DPP-4 inhibitor, a number came back saying they
didn't have as good control, granted that is anecdotal.
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USE OF LIRAGLUTIDE IN ISLET TRANSPLANT RECIPIENTS (158-OR)

Eduardo Peixoto, MD (University of Miami Miller School of Medicine, Miami, FL)

Dr. Peixoto described a prospective study investigating the effect of liraglutide on islet graft function,
glycemic control, and gastric emptying in a subset (n=6) of islet transplant recipients. Participants were
switched from exenatide (stopped three days before baseline, poorly tolerated due to nausea) to 0.6 mg
liraglutide and progressed to 1.2 mg liraglutide. While all patients achieved the intended study dose, two
patients had to return to a lower dose - one due to constipation and one due to diarrhea. Liraglutide's effects
were assessed by multiple parameters at baseline and six months. Dr. Peixoto drew attention to an
improved stimulation C-peptide to glucose ratio (p=0.03) and an improved GLP-1 response to a mixed meal
tolerance test (both a decreased time to peak levels and a higher peak; p <0.01) from baseline. Dr. Peixoto
suggested that the reduced time to peak GLP-1 finding might suggest that liraglutide acts to increase
endogenous GLP-1 secretion. He noted that A1c, C-peptide, glucagon, and acetaminophen absorption during
MMTT did not change significantly. Dr. Peixoto also revealed that while most participants experienced
increased appetite, most also lost weight (-2.85 kg (-6.27 lb). He concluded that the higher GLP-1 levels
(basal and stimulated) observed with liraglutide treatment could lead to longer islet survival and looked
forward to 12- month results, which he indicated would be reported shortly.

▪ Dr. Peixoto detailed a prospective study testing the effects of liraglutide intervention
in a subset of islet transplant recipients (n=6) with active graft function. Participants
switched from exenatide use (stopped at least three days before baseline) to daily liraglutide,
starting at 0.6 mg and progressing to 1.2 mg after one week. Insulin, glucose, c-peptide, glucagon,
and GLP-1 levels after 300 minute MMTT were assessed as well as body composition, A1c, and
glucose finger stick readings at baseline and 6 months after intervention. He noted the six
participants represented a group with a markedly prolonged duration of type 1 diabetes (26-54
years).

▪ Dr. Peixoto commented that liraglutide was tolerated in the majority of subjects. While
all patients initially achieved the study dose of 1.2 mg daily, dose levels were decreased in two
patients - one due to constipation and one due to diarrhea. Exenatide had been poorly tolerated in
participants, most experiencing nausea with use. No nausea was observed with liraglutide.

▪ Compared to baseline, Dr. Peixoto pointed to a significantly increased stimulation
index (AUC C-peptide/AUC glucose) and a significantly lower time to peak GLP-1 levels
(60 minutes) during a MMTT (p=0.03 and p <0.01 respectively). Mean GLP-1 levels also
increased with liraglutide treatment during fasting (1.65 vs 8.65 pM/l at baseline and six months,
respectively; P>0.05) and during a MMTT (13.95 vs 42.73 pM/l at baseline and six months,
respectively; P<0.01). While an overall increase in GLP-1 levels was expected, the reduction in time
to peak GLP-1 levels was most striking to Dr. Peixoto. He commented that this result potentially
indicates that liraglutide acts to increase endogenous GLP-1 secretion. Glucose, c-peptide, and
glucagon response to MMTT and A1c did not change significantly from baseline (baseline A1c 6%).
Additionally, patterns in acetaminophen absorption did not change from baseline.

Questions and Answers

Q: Do you know if this subgroup experienced a benefit from exenatide or was their inability to
tolerate the drug such that they had no response to exenatide?

A: They did not all use same dose. So yes, they had benefits, but for us it was a greater benefit with liraglutide
because we were able to achieve the target dose.

Q: It is striking that there wasn't a stronger effect of liraglutide. Could that be that they had
been on exenatide?

A: Yes, we were discussing that. At baseline, we know they didn't have exenatide in their blood. But as for the
chronic effects yes, you're right. However, there was no difference in A1c.
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Meet the Expert Sessions

THE FUTURE OF PREVENTING OR REVERSING TYPE 1 DIABETES

George Eisenbarth, MD, PhD (Barbara Davis Center, Aurora, CO)

In this highly interactive session, Dr. Eisenbarth answered audience questions about the pathogenesis and
prevention of type 1 diabetes. Discussion during the session touched upon a number of epidemiological and
clinical topics, including the percent of beta cells remaining at diagnosis, the hygiene hypothesis, genetic or
immunological factors that determine development of complications, and how one explains that diabetes is
occurring more often both earlier in life and in the third through sixth decades. The audience also posed
interesting questions related to immunomodulation and therapies that could prevent or reverse type 1
diabetes, including BCG vaccination, exogenous insulin administration, anti-CD3 therapy, glucagon
antagonism, and vaccines against the trimolecular complex. Most notably, Dr. Eisenbarth predicted during
the session that we will be preventing type 1 diabetes within twenty years, either through a combination of
drugs or small molecules that target the pocket in which T-cells recognize peptides.

Questions and Answers

Q: What percent of beta cells are remaining when type 1 diabetes is diagnosed?

A: I think about 20%. There are a fair number of beta cells remaining at the onset of type 1 diabetes, and the
amount varies between individuals. But I think there are quite a few beta cells worth saving.

Q: How do you explain that diabetes comes earlier and earlier in life now?

A: We don't know at this point in time. I like the general hypothesis that our environment has changed. It's
clearly an environmental factor. Perhaps kids are not exposed to as many early infections as they used to be.

Q: Can you talk more about the hygiene hypothesis, and especially talk about Bacteroides
fragilis and if it is a key player that gets T-regulatory cells altered?

A: There are many components of the hygiene hypothesis. The question is what bacteria are doing in the
induction of disease. What is clear in animal studies is that the microbiome affects immune development,
often in a pathogenic way. I think it's going to be a very complicated issue. I will be very surprised if
something as simple as a long-term change in the microbiome has changed the risk. We are so ignorant right
now. For example we don't know if the development of autoimmunity has been going up steadily or if it has
been going up stepwise. We would have a very different hypothesis if it was stepwise. We can't just use
development of diabetes as the indicator, because the lag time from development of autoantibodies to
diabetes can take a decade. A child with autoantibodies at nine months can develop diabetes at nine years of
age or 14 years of age. I think that complicates our understanding of why children are developing diabetes
earlier. We don't know for sure if what has changed is the rate or progression from the first antibody or when
the first antibody occurs.

Q: Can you talk about the effect of supplementation of vitamin D?

A: There are contradictory studies like the DAISY studies from Scandinavia that have suggested a relationship
between vitamin D risk and risk of type 1 diabetes. Vitamin D is a potent immunomodulatory drug. It affects
antigen-presenting T-cells in particular. There are groups that are both looking at vitamin D itself and
modified forms of vitamin D. Dr. Robyn Lucas's group, for example, uses vitamin D as a therapeutic on cells
in vitro.

Q: Dr. Faustman's group at Massachusetts General Hospital is testing the hypothesis that BCG
could have a role in regenerating beta cells. I don't know whether you have any opinion about
their work.

A: I am not aware of work with BCG regenerating beta cells specifically versus its immunologic effects. A lot of
these studies started in the NOD mouse model. But that is a very easy model to affect diabetes in. At the
Barbara Davis Center, we did a trial with BCG. It didn't work. We might not have used the right dose or the
right amount, but I am still a skeptic of BCG.
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Q: What is the most likely reason we are seeing more people diagnosed in their third, fourth,
fifth, and sixth decades of life. What is keeping the autoimmune response dormant?

A: So actually Dr. Andrea Steck recently published data about this from the DAISY study. She was trying to
predict the age of onset of type 1 diabetes and why someone can go 20, 30, 40 years with antibodies and then
finally present with diabetes. We have had identical triplets that we started publishing on in 1986. Now all
three triplets have diabetes. The first triplet was diagnosed as a child, and the last triplet developed it at 57.
These are genetically identical triplets that still vary in the spectrum of developing diabetes. Anyways, what
Dr. Steck found is that we can predict the approximate age of onset of type 1 diabetes with two variables. The
first is the age at which autoantibodies first appear. That is straight forward, because we believe that when
autoantibodies first appear, insulitis begins killing beta cells. Second is the level of insulin autoantibodies, not
GAD or IA2 or ZT8. The suggestion is that those two factors help explain the age of onset. Slowness of
development of diabetes relates to patchiness of killing. What this means is that if you look at the pancreas of
someone with type 1 diabetes, it looks like vitiligo. You have an area where there are no beta cells, and a lobule
where there are beta cells. Over time, more and more lobules are targeted and beta cells carved out. We don't
know what all the rate controls are, but we know they correlate with levels of insulin autoantibodies. We used
to draw it as a straight curve, now we draw it as a squiggly line because levels of autoantibodies vary over
time.

Q: What about patients who remain free of chronic complications? Is this genetically
determined or is this related to the immunological response?

A: There is a very beautiful study by George King called the Medalist Study from Joslin. It looks at patients
who survived type 1 diabetes for more than 50 years to look for potential explanations. The very simple
hypothesis is that those who keep more C-peptide have fewer complications.

I would also mention that within type 1 diabetes, there are patients who have other types of diabetes. Most
patients with type 1 diabetes have islets that lack beta cells. But there are a significant number of Hispanic and
African American patients diagnosed with type 1 diabetes whose islets all have beta cells and who don't have
autoantibodies. A type 2 diabetic would also look like this.

Q: As far as I know, there is no good strategy for preventing diabetes based on
immunomodulation?

A: We don't have an immunosuppressive or immunomodulatory therapy for type 1A diabetes. It is very clear
that the therapies that have been sued to date delay the loss of beta cells. Anti-CD3, anti-CD-20, and
abatacept stop C-peptide loss for six months. Then the beta cell loss line is parallel between when placebo and
drug is given. I would say that this type of delay is not adequate even though you can still see an effect 2-3
years after. It is not sufficient risk-benefit wise.

Q: With all the work that is going on, in the next twenty years, do you see a turnaround of
something that can reverse or prevent type 1 diabetes?

A: I think yes. I see two parallel pathways. People from the US know what a Hail Mary pass is. If we're lucky,
one of our Hail Mary passes might be a combination of drugs. It will be successful and we will build on that.
On the other hand, we need a lot more basic knowledge of what is going on. Right now, we know that
antibodies aren't causing the disease but T-cells are. But we have no really great T-cell assay. When we do
trials we have to wait several years to use C-peptide. I would say though that the structures that are primarily
causing the disease are getting to be known. When the T cell sees an antigen, the HLA molecule is doing the
presenting so the class 2 molecule binds the peptide, and the T-cell recognizes it. What is peculiar is that the
T-cell sees the peptide in a specific register. It is a very specific interaction that involves side chains going into
specific pockets. Now that we know this structure, we can design small molecules to target these pockets.

Q: What are your thoughts on antagonizing glucagon signaling and "reversing" type 1 diabetes.

A: I think we can reverse it this way only when we have some beta cells left. But for patients with 99.9% of
their beta cells gone, that might not be effective.
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Q: Do you think it's possible to produce a vaccine against the T-cell that can interfere with
pathogenesis?

A: We are trying to make antibodies against the complex. We can prevent half of diabetes in the NOD mouse.
There are a wealth of ways we are targeting that structure.

Q: Assuming that preventing type 1 diabetes is expensive or may have side effects, what are the
criteria will you use to determine who to use this for?

A: One advantage is that we can now pretty well predict which patients will get type 1 diabetes, and the assays
are getting simpler and simpler. The assays themselves can be done on fingersticks. It can be done relatively
easily. The studies of prevention are going to go back from the highest risk groups to the lowest risk groups.
As we get smarter, we try to identify the simplest ways to achieve prevention. If a virus is a factor, we may
want to have trials of vaccination for certain Coxsackie viruses. It will depend where the science goes. The one
other hard part is that the easiest time to prevent type 1 diabetes is before autoantibodies appear. And the first
trials of that type of prevention are being done with environmental factors, but we also have oral insulin. In
the Pre-POINT study, oral insulin is being given to individuals who have a 50% risk of developing type 1A
diabetes. However, the reality is that the best time to have generalized prevention would be before the
immune switch even occurs. To do this, you would have to use HLA, family markers, and other genes.

Q: Is there evidence that early use of exogenous insulin can delay the development of diabetes?

A: The DPT Trial examined that, and it did not delay diabetes. With oral insulin, there may be a delay.
TrialNet is hopefully going to close their enrollment and conduct a ten-year study. The previous TrialNet
study with oral insulin was for oral tolerance. In a subset analysis of the study, it was seen that individuals
who came into the study with autoantibodies and were given oral insulin had a seven-year delay in disease
onset.

The one thing we can do at the onset of diabetes is intensive insulin therapy. And the DCCT showed that quite
a while ago and hopefully we can do the intensive insulin therapy better. TrialNet is using in-hospital insulin
at diagnosis and continuous glucose monitoring and intensive insulin therapy to study this.

Q: How do you explain the fact that the program that used the otelixizumab molecule was
stopped prematurely?

A: All of the monoclonal antibodies target more generalized molecules like CD3; none of them target specific
molecules. In terms of anti-CD3, there were two large phase 3 trials and both had certain flaws. Either they
used one-tenth of the dose used in phase 2 trials or they changed their outcome variable. Thus far, it is pretty
consistent that C-peptide decline can be delayed.

Q: There have been a few studies in mice regarding alpha 1-antitrypsin, and there is one
clinical trial ongoing. Do you have any insight on how it works?

A: There are two studies that I know of. The immune tolerance network is doing a study, and Peter Gottlieb is
doing a small study at the Barbara Davis Center. In terms of how it works, the alpha 1-antitrypsin circulates at
a pretty high level. The question is when you give it as a drug, how much do you increase that level. Is it
sufficient? And in man, we obviously don't know yet. The first studies are trying to look for a biological signal.
And in the animal model, I'm not sure at all how it's working. I'm told that Dr. Strom has done a key
experiment where alpha 1-antitrypsin is given to the NOD mouse. I would say that there are a number of
foreign agents that prevent diabetes when given to the NOD mouse though.

Symposium: Beta Cell Death, Cytokine Toxicity, and Islet Antigenicity

IL-1 RECEPTOR ANTAGONIST IN RECENT ONSET TYPE 1 DIABETES - A MULTICENTER,
RANDOMIZED, PLACEBO-CONTROLLED TRIAL

Thomas Mandrup-Poulsen, MD, PhD (Steno Diabetes Center, Gentofte, Denmark)

Dr. Mandrup-Poulsen summarized findings from a phase 2 trial of the IL-1 receptor antagonist anakinra in
adults with recent onset type 1 diabetes. Subjects in the trial (n=69) were randomized 1:1 to receive either
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once-daily 100 mg recombinant human IL-1Ra (anakinra) or placebo on top of ADA-specified antidiabetic
therapy. The study's primary endpoint was change in standardized mixed-meal stimulated C-peptide (as
measured by the AUC from 0-120 minutes) after 1, 3, 6, and 9 months, while secondary endpoints included
peak C-peptide, time to peak C-peptide, insulin requirement, A1c, FPG, and IL-6 and CRP levels at the same
timepoints. Notably, the trial's treatment and placebo groups were imbalanced post-randomization for
baseline AUC C-peptide, A1c and totally daily insulin dose. All endpoint analyses were adjusted to account
for this. After nine months, there was no difference in loss of AUC C-peptide between the study's two groups.
There were also no differences in any of the study's secondary endpoints between anakinra and placebo-
treated patients. In terms of adverse events, significantly more anakinra than placebo-treated patients
experienced skin reactions (p<0.0009). According to Dr. Mandrup-Poulsen, possible interpretations of these
negative results are that 1) IL-1 blockade alone may be more efficacious in autoinflammatory type 2
diabetes than in autoimmune type 1 diabetes, 2) IL-1Ra therapy was instituted too late, or 3) higher doses of
IL-1 blockade may be needed (the dose used in this trial is FDA-approved for rheumatoid arthritis) for the
therapy to be effective in type 1 diabetes. Dr. Mandrup-Poulsen concluded by suggesting that the time may
have come to explore combining IL-1 blockade with adaptive immunomodulation; this view, he noted, is
supported by recent findings that combining IL-1 blockade with anti-CD3 reverses diabetes in NOD mice
better than either therapy alone (Ablamunits et al., Diabetes, 2012).

Questions and Answers

Q: Was there any evidence of an effect on inflammatory markers?

A: As noted from the baseline characteristics slide, serum IL-6 and CRP were very elevated. Since the
treatment didn't show an effect on inflammatory markers, we expect that the lack of effect was not due to that,
but to systematic inflammation.

Q: My question is about the age of the patients. Could this also be a factor since the study was
in adults and not children?

A: You will now hear a report about anti-IL-1 in a young age group.

CANAKINUMAB, AN ANTI-IL-1 MONOCLONAL ANTIBODY IN RECENT-ONSET TYPE 1
DIABETES

Antoinette Moran, MD (University of Minnesota Medical School, Minneapolis, MN)

Dr. Moran presented the results of a randomized, double-blind controlled trial that examined whether
canakinumab (an antibody targeting IL-1β) could preserve beta cell function in recent onset type 1 diabetes.
Study participants (n=69; ages 6-45) were randomized 2:1 to receive either canakinumab or placebo. At
baseline, participants were about 2.5 months from diagnosis. Notably, due to high enthusiasm, enrollment
for the trial was accomplished over just five months. Compliance was also excellent in the trial, with 91% of
828 potential injections administered. The study's primary outcome was adjusted geometric mean AUC C-
peptide at one year as measured from the first two hours of an MTT. Secondary outcome measures included
geometric mean C-peptide AUC, rate of change of C-peptide, time to first stimulated C-peptide, and A1c at
months 3, 6, 9, and 12. At the end of twelve months, canakinumab was not found to preserve C-peptide
secretion significantly better than placebo (p=0.88). It similarly had no effect on A1c. Interestingly, patients
who had more C-peptide and lower A1cs at baseline responded significantly better to canakinumab
treatment than those with lower C-peptide or higher A1cs. No serious adverse events related to the
medication were reported. Additionally, rates of neutropenia (which investigators were concerned about
because of issues seen in gout trials) were similar in the study's two arms. Dr. Moran noted that despite the
trial's negative results, she is not ready to give up on canakinumab. Again invoking Ablamunits et al.'s
paper in Diabetes, she suggested that anti IL-1 β therapy used as part of a rational combination therapy
could still be useful for tackling the type 1 diabetes autoimmune process. She also suggested that
cankakinumab might have been used too late in this trial, and might be most effective in pre-type 1 diabetes.

Questions and Answers
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Q: There was really high compliance in the trial. Can you put this in the context of using
canakinumab in a prevention trial?

A: Once you have a child who has diabetes, there's a very high level of motivation. These families were quite
motivated and really the nuisance of coming into clinic was probably the biggest problem. Injections, etc. were
less of a problem.

Q: I wonder if you did any work looking at inflammatory markers.

A: We don't have that yet. The last patient came in at the end of April, so we were scrambling to assemble the
C-peptide data.

Q: Did you expect to see a honeymoon phase? It didn't look like children had it. Do you think
that could have affected study design in some way?

A: I think they were in a honeymoon period when we started the drug. The average insulin dose then was 0.3
units/kg of insulin per day, which is a small dose per children. We caught them in the honeymoon phase, and
then both the placebo and canakinumab-treated groups acted the same.

Symposium: ADA Diabetes Care Symposium

DIABETIC KETOACIDOSIS AT DIAGNOSIS INFLUENCES COMPLETE REMISSION AFTER
TREATMENT OF HEMATOPOIETIC STEM CELL TRANSPLANTATION IN ADOLESCENTS
WITH TYPE 1 DIABETES

Weiqiong Gu, MD (Shanghai Ruijin Hospital, Shanghai, China)

Dr. Gu presented the results of a study that examined differential success of autologous hematopoietic stem
cell transplantation (AHSCT) for treatment of recent onset diabetes in subjects with and without a history of
ketoacidosis. According to Dr. Gu, the purpose of the protocol was to stop the autoimmune destruction of beta
cells with high dose immunosuppressive therapy and subsequently reset the deleterious immune system with
a reconstituted one originated from autologous hematopoietic stem cells. 28 patients (11 with and 17 without a
history of prior ketoacidosis) with a mean age of 17.6 years and diabetes duration of less than six months were
enrolled in the trial. There were no significant differences in age, sex, BMI, duration of diabetes, and baseline
A1c levels between the DKA and non-DKA groups, though there was a trend towards decreased GAD levels in
the non-DKA versus DKA group. Stem cells for the protocol were mobilized with cyclophosphamide and GCSF
and then collected from peripheral blood. Patients were conditioned with cyclophosphamide (200 mg/kg) and
rabbit antithymocyte globulin (4.5 mg/kg), infused intravenously with collected stem cells, and followed-up
with for 4-42 months. Post-treatment, the overall response rate (defined as the proportion of patients
experiencing a reduction of daily insulin dose greater than 50%) was 83.7% ± 7.2%. 58.6% ± 9.5% of patients
had their insulin doses reduced by more than 75% (a "very good response"), while 53.8% ± 9.5% of patients
experienced insulin independence after treatment. C-peptide concentrations were significantly greater than
pre-treatment in all subjects. Notably, non-DKA patients experienced significantly greater insulin
independence post-treatment than those who had had DKA in the past (70.6% vs. 27.3%, p= 0.031). Dr. Gu
suggested that this might be explained by diabetic ketoacidosis decreasing the capacity for beta cell recovery.
Non-DKA patients additionally had significantly enhanced C-peptide levels, Cmax (peak value during OGTT),
and AUCC (area under C-peptide release curve during OGTT) that remained elevated during 24 months of
follow-up. Treatment was associated with a number of side effects. All patients had digestive tract symptoms,
including nausea, vomiting and diarrhea, most had febrile neutropenia, alopecia, and bone marrow
suppression, and 38.5% had blood transfusions. No severe drug toxicity or organ damage was reported.

Questions and Answers

Q: What you showed is a source of tremendous debate. My question for you is do we know that
the stem cells themselves are actually working? Could it not be that the effect you're seeing is
directly attributable to the intensive immunosuppressive regimen that you used?

A: We don't know how the hematopoietic stem cells differentiate in the body but we can make sure that this
kind of treatment is a combination therapy combined with immunosuppressive drugs and the hematopoietic
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stem cells. I think in this therapy, the suppressive drugs such as ATG play an important role. We all know
ATG can increase C-peptide, as seen in former clinical trials. Meanwhile, standard hematopoietic stem cells
may be differentiated into T-lymphocytes and can secrete some soluble cytokines, which can promote beta cell
regeneration.

Q: What was the maximum duration of disease of the patients entered in the protocol?

A: The maximum should be less than six months.

Q: Another group, the one that used the Voltarelli protocol, observed a relapse at sixteen
months.

A: In our data, the relapse rate is relatively high, maybe seven or fifteen patients. Really, the net benefit of
AHSCT needs to be further studied.

IMPROVEMENT IN OUTCOMES OF CLINICAL ISLET TRANSPLANTATION - 1999-2010

Michael Rickels, MD (University of Pennsylvania, Philadelphia, PA)

Dr. Rickels described trends in safety and efficacy outcomes of 677 recipients who had received either islet
alone or islet-after-kidney transplants during three eras: 1999-2002, 2003-2006, and 2007-2010. Data was
derived from the Collaborative Islet Transplant Registry (CITR). Measured outcomes included insulin
independence, C-peptide levels, fasting glucose, A1c levels and percent A1c change, absence of severe
hypoglycemia, vital status, serious adverse events, and GFR. The registry's data notably shows a spike in
enthusiasm for transplantation after the Edmonton Protocol, a drop thereafter, and a spike again in 2007.
In terms of baseline characteristics, recipients' age and diabetes duration have increased from 1999-2010.
Rates of severe hypoglycemia prior to transplant have remained steady at 90% over the period, while use of
lipid-lowering drugs has increased significantly over the era. Notable trends in islet donation include an
increase in donor BMI to the obese range, increased use of islet culture and longer islet culture durations,
and an increase in the number of islet equivalents per infused transplant. Use of calcineurin +
mycophenolate maintenance immunosuppression has increased in the latter half of this past decade, while
use of IL2RA induction immunosuppression has decreased. Insulin independence post-transplant has
increased significantly by era (from 27% in 1999-2002, to 37% in 2003-2006 and 44% in 2007-2010; p=
0.02). Factors predictive found to be predictive of insulin independence over the era include total infusions,
recipient age, culturing islets for ≥ 6 hours, use of T-cell depletion + a TNF-α inhibitor, and a stimulation
index of ≥ 1.5. Islet reinfusion rates significantly decreased between 1999-2006 and 2007-2010 (p < 0.01).
As insulin independence has increased from 1999-2010, graft survival with positive C-peptide has increased
accordingly. The percentage of patients with an A1c ≤ 6.5% or which fell by 2% post-transplant increased
significantly from 1999-2002 to 2003-2006 (p=0.03). Mortality has not significantly decreased by era,
while rates of serious adverse events have (p=0.02). Kidney function has remained relatively stable in all
three eras.

Symposium: Beta Cell Replacement Therapies for Severe Hypoglycemia

COMPLETION OF ENROLLMENT OF THE FIRST PHASE III TRIAL OF ISLET ALONE
TRANSPLANTATION OF SEVERE HYPOGLYCEMIA AND HYPOGLYCEMIA UNAWARENESS

Camillo Ricordi, MD (University of Miami, Miami, FL)

Dr. Ricordi described the Clinical Islet Transplantation (CIT) Consortium's recent clinical trial efforts and
early data from CIT-07, a phase 3 trial examining islet transplantation alone. Dr. Ricordi reminded the
audience that the CIT aims to conduct clinical trials that will help bring the first licensed biologically active
cell product to market. It has two phase 3 trials in progress - CIT-07 (examining islet transplant alone) and
CIT-06 (examining islet after kidney transplant) - as well as five additional phase 2 trials. At this time, the
consortium is able to release about 50% of the islets it receives for transplant. It has recently made advances
in islet product manufacturing and testing, key enzyme availability, and access to suitable donor
pancreases. Subjects enrolled in the CIT trials have experienced substantially reduced insulin use and
glycemic lability. After this high-level overview, Dr. Ricordi focused on CIT-07 for the rest of his
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presentation. CIT-07 is a prospective, single-arm multicenter phase 3 study in which subjects (ages 18-65
with no stimulated C-peptide secretion, marked glycemic liability, and a history of ≥1 severe hypoglycemia
episodes) receive up to three separate islet infusions. Subjects are given a regimen of immunosuppressive
medicines including antithymocyte globulin, sirolimus, and low-dose tacrolimus, supplemented by
etanercept. They are followed for 24 months after their last transplant. Some of the trial's outcomes
(measured at varying timepoints; see http://1.usa.gov/Lj04WN for specifics and full outcomes) include
proportion of subjects with an A1c of < 7.0% and free of severe hypoglycemic events, proportion of insulin
independent subjects (using a more stringent insulin independence definition than other trials), glucose and
C-peptide levels as derived from an MMTT, and glycemic liability. Enrollment for the trial was completed in
2011, and all subjects in the trial will reach the study's primary endpoint by late 2012. Follow-up data is
expected by late 2013, after which a BLA will be submitted. Preliminary data for the trial indicates that the
procedure has had a very favorable safety profile, with no death or protocol related malignancies reported
and very few serious adverse events observed.

PANCREAS TRANSPLANT ALONE

Rainer Gruessner, MD (University of Arizona, Tucson, AZ)

Dr. Gruessner provided an overview of pancreas transplant alone (PTA) and progress made in its
performance. The goals of PTA, he said, are to avoid severe hypoglycemia and complications. The procedure
is indicated for people with brittle type 1 diabetes, nonuremic diabetic patients with severe autonomic
neuropathy or microalbuminuria, and those who want to avoid onset or progression of secondary diabetic
complications. Most patients who receive PTA have had diabetes for 20+ years and more females than
males receive it. The procedure significantly reduces the need for subsequent kidney transplant, and the
wait-time for it is markedly lower than for simultaneous kidney-pancreas transplant. According to Dr.
Gruessner, PTA can be lifesaving, particularly for patients who are uremic and have to wait a long time for
a pancreas-kidney transplant. It also has positive effects on diabetic complications, including nephropathy,
retinopathy, and cardiovascular complications. Moreover, at this time, only whole organ pancreas
transplantation like PTA can achieve consistent, long-term insulin independence (this is the eventual goal
with islet transplantation, but we are not there yet). Nevertheless, there are still very few centers that
specialize in PTA, partially because recent improvements in the procedure have been overshadowed by
previous high morbidity rates. Per Dr. Gruessner, PTA has become very safe as failures from technical
complications have decreased over time. One-year graft survival is above 95%, while 5-year immunological
graft loss is much lower than in the past and 5-year unadjusted patient survival is above 90%.

Joint ADA/JDRF Symposium - Antigen-Specific Tolerance in Type 1 Diabetes

AN ANTIGEN-SPECIFIC TOLERANCE STRATEGY FOR THE TREATMENT OF TYPE 1
DIABETES AND ISLET TRANSPLANTATION

Stephen Miller, PhD (Northwestern University Medical School, Chicago, IL)

Dr. Stephen Miller discussed induction of tolerance using IV-injected antigen-modified syngeneic
splenocytes and nanoparticles. Interestingly, he noted that if one couples splenocytes with a variety of
diabetic antigens (via ECDI covalent linking), only insulinB 9-23specifically protects young NOD mice from
development of clinical diabetes, consistent with the hypothesis that insulinB 9-23 is the initiating or very
early diabetogenic autoepitope in the NOD diabetes model. However, once mice have newly onset diabetes,
only induction of tolerance to intact insulin is effective at preventing the transition to overt diabetes,
suggesting that the progression from the pre-disease to preclinical disease period is marked by epitope
spreading. IV injection of ECDI-fixed allogeneic splenocytes additionally helps induce tolerance to allogenic
antigens during islet transplantation. According to Dr. Miller, ECDI-fixed splenocytes help induce tolerance
via recapitulation of how tolerance is maintained in the hematopoetic compartment. A phase 1 trial in MS
patients has suggested that this strategy may be able to induce antigen-specific regulatory T cells in
humans. Antigen-coupled nanoparticles may also be efficient at inducing tolerance, without use of cellular
carriers. This strategy is currently being tested in a type 1 diabetes model.

Questions and Answers
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Q: Now that you have MS clinical trial data, where do we stand with respect to a type 1 clinical
trial?

A: ITN [the Immune Tolerance Network] was at some time trying to get stuff going with regards to this, but I
haven't been associated with the ITN for the last three years. I am waiting to see what happened in the MS
trial, as it may give us some indication of the efficacy of this therapy. But I think the future is to get away from
cell therapy, because it has a lot of complexity and cost. Apparently, we can use FDA approved PLG beads
studded with antigen. We might want to wait and do additional toxicity studies with PLG particles delivered
intravenously.

DIABETES PREVENTION WITH NASAL INSULIN

Olli G. Simell, MD, PhD (University of Turku, Turku, Finland)

After briefly reviewing the results for the DIPP nasal insulin prevention trial, Dr. Simell discussed the study
design for the INIT II trial, which is similarly exploring whether nasal insulin administration can prevent
or delay type 1 diabetes development in at-risk individuals. Dr. Simell expressed excitement for INIT II,
highlighting that the study will addresses a number of limitations associated with past nasal insulin
prevention studies, including short study durations, small administered insulin doses, and small study
populations. According to clinicaltrials.gov (clinicaltrials.gov identifier: NCT00336674), INTI II is expected
to complete in 2016.

▪ In the DIPP nasal insulin prevention trial, the administration of nasal insulin was not
demonstrated to prevent or delay the onset of type 1 diabetes in at-risk children.
Conducted at three hospitals in Finland, the study randomized 224 infants with HLA-conferred
susceptibility and positive expression of two or more type 1 diabetes associated autoantibodies to
receive either nasal insulin (1.0 unit/kg; n=115) or placebo (n=109). The mediation duration of
intervention was 1.8 years. Type 1 diabetes was diagnosed in 49 children randomized to receive
insulin and 47 children randomized to receive placebo. Among the children who continued
treatment until diagnosis or study end, 42 children developed type 1 diabetes in the insulin arm and
38 developed type 1 diabetes in the placebo arm. The study was terminated early due to a lack of
observed benefit of nasal administration on type 1 diabetes prevention (Nanto-Salonen et al., Lancet
2008).

▪ The INIT II trial is a randomized, double-blind, placebo-controlled trial investigating
the ability of nasal insulin administration to prevent or delay type 1 diabetes
development in at-risk children and young adults (n=120). The study is being conducted at
15 sites in Australia, New Zealand, and Germany. Study participants will be randomized to receive
440 units of nasal insulin or placebo administered daily for the first seven days of the trial, then one
day each week for the next 12 months. Participants will be followed for five years or until type 1
diabetes diagnosis. The primary endpoint of the study is type 1 diabetes diagnosis. Secondary
endpoints include changes in beta cell, insulin resistance, islet autoantibody levels, and T cell
responses to islet autoantigens. Inclusion criteria for the study include having a first degree or
second degree relative who was diagnosed with type 1 diabetes before 40 years of age, the presence
of autoantibodies to two or more islet antigens, and a normal OGTT and IVGTT. The trial is
expected to complete in December 2016 (clinicaltrials.gov identifier: NCT00336674).

Symposium: An Islet Investigation to Advance Research in Diabetes Mellitus

NETWORK FOR PANCREATIC ORGAN DONORS WITH DIABETES (NPOD) - THE PANCREAS
IN HUMAN TYPE 1 DIABETES

Mark Atkinson, PhD (University of Florida, Gainesville, FL)

Dr. Atkinson reported on the progress made by the Network for Pancreatic Organ Donors with Diabetes
(nPOD) in the past year and detailed why the organization's activities were important to furthering
diabetes research. Currently, nPOD supports 79 research projects globally, up from 63 in 2011. The
organization recovers approximately 60 pancreases per year from individuals with diverse age, gender,
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and diabetes backgrounds. The nPOD database makes available patient records and thousands of high
quality images of tissue samples that allow visiting clinicians and scientists to make interpretations and
develop research questions about the pathology of type 1 diabetes. Furthermore, nPOD has expanded it's
reach in the past year to include the nPod - T (transplant) program, and in the coming year it hopes to
launch nPOD -V (viral workgroup). Dr. Atkinson was also very excited to announce their plans to establish
a novel reporting mechanism for sharing findings called LabKey. He emphasized that what we can learn
from collaborations and studies facilitated by nPOD are crucial to developing a better understanding of the
pathogenesis of type 1 diabetes.

▪ Designed to "encourage openness" and collaboration, LabKey offers a "facebook-like"
portal to discuss findings. Investigators involved in nPOD supported studies will be encouraged
to deposit findings in this online portal. Subsequently, they will be able to "friend" others, review
their data, and set up collaborations.

▪ How do you obtain tissue samples from nPOD? Throughout the presentation, Dr. Atkinson
stressed that the services offered by nPOD are free, thanks to the generosity of JDRF. He
encouraged researchers to visit www.JDRPnpod.org to view in more detail what nPOD does,
learn about investigators and projects, or even apply to obtain pancreatic tissues. He expressed that
the more people who become involved in nPOD, whether through simply joining the discussion or
conducting research, the more the program could achieve.

Questions and Answers

Q: How does nPOD receive the pancreases? Is that directly from organ transplant?

A: Recoveries are performed by transplant surgeons, so they follow protocols, but again the pancreas is
procured as if it were being used in transplantation.

Q: Is autolysis a concern?

A: It was a concern at the start. It was actually one of the reasons that nPOD wasn't created sooner. But
autolysis was one of the myths we overcame, and we found that if you follow protocols, the pancreas is quite
sustainable. We have a strict cut-off window for how long after surgery we can receive them (18 hours), and
within the first 100 we received, we only had two cases of autolysis.

Q: Have you had any success in getting pancreases of other forms of diabetes?

A: Great question. We have pathologists and endocrinologists who look extensively at the pancreas and try to
determine what odd pathologies of type 1 diabetes mean. Right now we're not entirely sure, so that is why we
group them into "other" category.

Q: In your extensions of nPOD, I did not see nPOD for complications? Is that still a desire?

A: We still have a dream for nPOD- complications. We believe our protocol, our system is ideal for studying
this. It's just that we're in a position where we need to convince our funding agencies to support us with that
vision.

Origin

Symposium: ORIGIN Trial - Final Results

CLOSE CONCERN'S TAKEAWAYS

Now that we've had some time to digest ORIGIN, we provide you with full coverage of the session at ADA,
as well as our high-level takeaways from the trial. The ORIGIN Trial - Final Results session was held in a
truly packed Hall A (with an overflow hall of over 1000 people), which was nevertheless anticipatorily quiet
as Dr. Ambady Ramachandran (India Diabetes Research Foundation, Chennai, India) and Dr. Giles
Dagenais (Laval University, Quebec, Canada) began their introduction. Following these investigators'
overview, Dr. Rafael Diaz (Instituto Cardiovascular de Rosario, Rorasio, Argentina) described the trial's
design, two presenters discussed its omega-3 fatty acid results, and four investigators presented its insulin
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glargine findings. From among these presentations, we found Dr. Hertzel Gerstein's (McMaster University,
Ontario, Canada) most riveting, as he repeatedly paused (kind of like in a game show), right before
uncovering several of the trial's most exciting insulin glargine results.

As a reminder, the ORIGIN trial was designed to investigate the effects of insulin glargine therapy versus
standard care and omega-3 fatty acids versus placebo on cardiovascular (CV) outcomes in people at risk for
CV disease with either impaired fasting glucose (IFG), impaired glucose tolerance (IGT), or early type 2
diabetes. The study randomized 12,537 participants to a 2x2 factorial design at 573 sites in 40 countries.
Patients were followed for a median of 6.2 years (IQR 5.8-6.6 years), with the final site visit in 2011.
Overall, ORIGIN demonstrated no increased risk with insulin glargine for cardiovascular (CV) outcomes or
cancer versus standard care. Insulin glargine treatment did, however, reduce the risk of progression to
diabetes by 28% versus standard treatment at 25 days following discontinuation of treatment. Notably,
both insulin glargine and standard care maintained median A1c at or below 6.5% throughout the study,
although insulin glargine was associated with a small A1c advantage (0.3%) at study end. As expected,
insulin glargine treatment modestly increased weight and the risk for hypoglycemia. Finally, with regards
to omega-3 fatty acid supplementation, no effect on CV outcomes was observed, although a significant
benefit on triglyceride levels was detected. From KOLs with whom we have spoken, the results of ORIGIN
were mostly unsurprising, and many believe the trial will unlikely impact the ways diabetes and
prediabetes are treated today. We discuss our high-level views and takeaways from ORIGIN below.

▪ The lack of significant benefit on microvascular outcomes observed with insulin
glargine therapy in ORIGIN is unsurprising for several reasons. First, A1c levels were
maintained at or below 6.5% in both the insulin glargine and standard care arm throughout the trial.
As demonstrated by UKPDS and DCCT, the relative risk for developing microvascular complications
at an A1c of 6.5% or less is low. Second, there was little difference in median A1c between the two
arms throughout the trial, with a 0.3% lower A1c at study end in the insulin glargine arm. Third, the
average follow up time (6.1 years) in the trial was relatively short compared to the ten-year follow up
period in UKPDS. As a reminder, UKPDS demonstrated a 25% reduction in microvascular
complications with intensive glucose therapy versus conventional therapy at ten years in newly
diagnosed individuals with type 2 diabetes . However, the difference in A1c obtained between the
two arms was 0.9% (7.0% versus 7.9%) at study end. It will be interesting to see whether any
difference in risk for microvascular complications emerges in the ORIGIN follow up study
ORIGINALE, which will follow-up with trial participants for at least two years - we hope to see a
longer follow up.

▪ For similar reasons, the lack of significant benefit of insulin glargine on
macrovascular outcomes is also unsurprising. Despite the higher baseline A1c and study end
A1cs, greater divergence in A1c between the study arms, and longer follow up period in UKPDS,
statistically significant reductions in MI, diabetes related mortality, and all-cause mortality did not
emerge until the 1o-year follow up period. Additionally, it is worth noting that blood pressure and
lipid control was worse in UKPDS and that UKPDS only enrolled individuals with recently
diagnosed type 2 diabetes, not individuals with prediabetes. Again, we'll be interested to see whether
any difference in macrovascular outcomes risk is demonstrated in ORIGINALE, although we view it
as unlikely given the short planned follow up period and the minimal glycemic control difference
between the groups.

▪ Because A1c was maintained at 6.5% or below throughout the trial in both arms, and
because the A1c difference between the arms was modest at study end (0.3% in favor
of insulin glargine), the trial suggests that insulin is not required to control the
worsening of glycemia during prediabetes and the early stages of type 2 diabetes.
Rather, standard care with lifestyle modification and oral medications appears to be just as effective.
In our view, this result highlights the importance of diagnosing and treating individuals with type 2
diabetes early in the course of the disease regardless of what therapy is used, as long as it is shown to
be reasonably safe.
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▪ Insulin glargine treatment did, however, lower the risk for progression to type 2
diabetes. Since this risk was assessed at a median of 25 and 100 days after cessation of glargine
treatment, this effect does not seem to be the result of glargine-mediated masking of high glucose
levels. Again, this result was somewhat expected given the results from diabetes prevention studies
with other anti-diabetic agents, including the DPP (31% reduced incidence with metformin at three
years; 18% reduced incidence at 10 years), DREAM (60% reduced relative risk with rosiglitazone at
three years), ADOPT (72% reduced relative risk with pioglitazone at 2.4 years), and STOP-NIDDM
(25% reduced relative risk with acarbose at 3.3 years). Altogether, the results from each of these
trials appears to suggest that treatment with any glucose lowering agent will delay the progression
from prediabetes to type 2 diabetes - although some agents may be more effective than others. We
are cautious about drawing any conclusions from cross-trial comparisons, of course - these are
challenging due to different study populations, study designs, etc.

▪ Given these findings, a number of important issues or questions emerge, including: 1)
how much do patients, insurers, etc. wish to spend to delay diabetes development; 2) does the delay
in diabetes development with drug therapy impact the rate of long-term complications; 3) should we
expose individuals with prediabetes to drug therapy (possibly for life) given that not all prediabetic
individuals progress to diabetes (an estimated ~25% progress over three to five years; Nathan et al.,
Diabetes Care 2007) and that most drugs have potential side effects; and 4) by starting drug therapy
for life in people with prediabetes, are we in essence diagnosing diabetes at an earlier stage?

▪ We'll be eager to assess through ORIGINALE the durability of insulin therapy's effect
on diabetes prevention once treatment is stopped; at least in the DPP, the effects of anti-
diabetic agents on diabetes prevention appear to wane with time. We'll also be interested to see
whether any long-term benefits emerge from the diabetes progression delay, although we believe the
chances for such a finding are limited given the study population size, the short planned follow up
period, and the modest difference in median A1c observed between those who progressed and did
not progress to diabetes by study end.

▪ Despite early insulin glargine therapy's apparent diabetes progression benefits, we do
not believe there will be any movement toward giving patients insulin at such an early
stage. Given that most real-world patients are treated by primary care physicians, we assume that
early insulinization will not be realistic or viewed with much enthusiasm given its complexity and
side effects (hypoglycemia, weight gain), although it's an interesting question given that basal
insulin will be generic soon. Additionally, even with the seemingly more robust impacts of
pioglitazone on diabetes progression in ACT NOW (cross trial comparisons are challenging) and its
easier administration than insulin, a noticeable shift toward earlier use of the drug to prevent
diabetes has not been observed and a prediabetes indication has not been pursued - we assume both
have been hampered by the drug's side effects and potential safety concerns. We also highlight the
applicability of ORIGIN's progression to diabetes findings to clinical practice. Experts have
emphasized for years that even if a drug is extremely effective in a trial setting, its full potential
won't be realized if patients are not adherent to it in everyday practice. While the rate of adherence
to insulin therapy was remarkably high in ORIGIN, given insulin's complexity, side effects, and
risks, it is almost certain that adherence would not be equally high in a non-trial setting. With that in
mind, we wonder what results would have been like with a once-weekly GLP-1 or DPP-4 inhibitor,
and we believe there will be at least some movement toward testing these therapies in pre-diabetes
or, at least, in determining a pre-diabetes regulatory pathway. We strongly believe that trial and
real-world adherence would be closer for these therapies, and their use early in the course of
diabetes might be viewed more favorably by PCPs, making them appealing for future study. Without
question, a pre-diabetes pathway will be needed before diverse diabetes therapies (and especially
more expensive ones) are reimbursed in pre-diabetes; as such, we hope that the results from
ORIGIN in addition to DPP, ACT NOW, and DREAM help catalyze the FDA and other regulatory
agencies to establish such a pathway. Encouragingly, from our understanding, some movement is
currently underway toward establishing a pre-diabetes indication for metformin.
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▪ Hypoglycemia and weight were both increased with insulin treatment - will these
outcomes translate into worse outcomes in the long run? The jury is still out. Specifically,
in ORIGIN, incidence of any (i.e., confirmed or unconfirmed) non-severe symptomatic
hypoglycemia was 16.72 and 5.16 per 100 person-years with glargine and standard treatment,
respectively (p<0.001), while incidence of severe hypoglycemia was 1 vs. 0.3 per 100 person-years
with glargine versus standard treatment, respectively; (p <0.001)). Weight change was +1.6 kg [3.5
lbs] with glargine versus -0.5 kg [1.1 lbs] with standard treatment (p <0.001). While these increases
in hypoglycemia and weight gain (which are risk factors for CV events) could be expected, ORIGIN
showed that they did not lead to increased CV risk in the insulin glargine group, suggesting that over
the short run, insulin glargine treatment is safe (in terms of outcomes at least) in the studied patient
population. However, the benefits of such treatment and the impacts of these side effects over the
long run remain unknown.

▪ Over six to seven years, there was no increased risk for cancer with insulin glargine
treatment. While these data (in addition to those described below) are certainly encouraging, some
have said that a definitive answer regarding insulin glargine's cancer association would come over a
longer period of time. That said, it would be a lot to ask for a randomized, controlled trial to go on up
to a decade or longer - however, it may well be the case that follow-up data for 10-plus years would
be necessary to see a cancer-promoting effect. We will be interested to see data on cancer risk by
level of exposure to insulin (these individuals weren't very insulin resistant, so they probably
received lower doses of insulin) and results from the ORIGINALE extension trial. As a reminder,
three database analyses presented at this year's ADA also examined the risk for cancer associated
with insulin glargine. While the average exposure to insulin glargine in the studies was relatively
short (1.2 to 3.1 years), each found no increased risk for a wide range of cancers with insulin glargine
treatment. The one exception was a suggestion of a possibly increased risk for breast cancer in the
Kaiser Permanente study, which the lead investigator Dr. Laurel Habel (Kaiser Permanente
Northern California, Oakland, CA) argued was likely a chance finding (see our ADA Days 4-5
coverage at http://www.closeconcerns.com/knowledgebase/r/e511b0e2 for more information).

▪ Work by Dr. Paresh Dandonna (SUNY University of Buffalo, Buffalo, NY) and others
have demonstrated that insulin possesses anti-inflammatory and anti-oxidant effects,
and that these effects may help reduce the risk for micro- and macro-vascular
complications. Additionally, Dr. Dandonna's research has found that the anti-inflammatory and
anti-oxidant effects of insulin are diminished or negated during periods of hyperglycemia,
highlighting the importance of euglycemia maintenance. These findings have prompted some KOLs
with whom we have spoken to wonder whether the use of a therapeutic regimen in the trial that
addressed both elevated fasting and post-prandial glucose would have demonstrated a greater
impact on both macro- and microvascular complications, either during ORIGIN or in the
subsequent follow-up extension. While implementation of a basal-bolus insulin regimen would not
have been practical given safety and complexity concerns, at least in theory, it is interesting to
consider what would have happened in the trial if a GLP-1 agonist would have been used, either as a
monotherapy or in combination with insulin glargine.

▪ GLP-1 agonists help provide weight loss and have a low associated risk for
hypoglycemia, and some preclinical and limited clinical evidence suggests that the
class may provide cardiovascular benefits and help preserve beta cells. Further, trials
examining combination GLP-1 agonist and basal insulin therapy have demonstrated robust effects
on glycemic control over either therapy alone with low risk for hypoglycemia and no weight gain.
Over the coming years, we'll be eager to hear the results from the ongoing CV outcomes studies for
lixisenatide (ELXIXA, 2014), liraglutide (LEADER, 2016), and exenatide once weekly (EXSCEL,
2017). We believe that if ORIGIN had been initiated four years later, the inclusion of a GLP-1 agonist
would have at least been heavily considered by the planning committee. That saying, we assume that
the use of a GLP-1 agonist in this patient population (especially in individuals with prediabetes)
would be similarly viewed as impractical given cost considerations and the potential need for
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frequent injections (up to three per day for insulin glargine plus exenatide BID). The use of
exenatide once weekly greatly reduces injection frequency, but longer-acting GLP-1 agonists
typically have less pronounced effect on post-prandial hyperglycemia compared to shorter-acting
agents in the class, perhaps resulting in less robust effects on glycemic control when used in
combination with basal insulin. Whether exenatide once weekly used as monotherapy would provide
similar or improved impacts on diabetes-associated complications or progression to diabetes as
insulin glargine is unclear, but at minimum, we believe the former treatment would be favored given
its reduced risk for hypoglycemia and effect on weight (although insulin glargine will be generic in a
few years). We note that both Sanofi and Novo Nordisk are developing combination GLP-1/basal
insulin products that could be administered with a single injection (see the Sanofi 1Q12 report at
http://www.closeconcerns.com/knowledgebase/r/6c74a946). We'll be interested to see whether any
further movement emerges to examine GLP-1 agonist/basal insulin early in the course of type 2
diabetes or during prediabetes once these products become available.

INTRODUCTION

Giles Dagenais, MD (Laval University, Quebec, Canada); Ambady Ramachandran, MD, PhD
(India Diabetes Research Foundation, Chennai, India)

Dr. Ramachandran measuredly started off the session by describing ORIGIN's international nature,
population (12,537 subjects with cardiovascular risk factors plus recently diagnosed diabetes, IFG, or IGT),
and aims (to assess the effects titrated insulin glargine or 1 g/day of omega-3 fatty acids on cardiovascular
and other outcomes).

Upon taking the stage, Dr. Dagenais provided a brief history of ORIGIN and then detailed the trial's
sponsorship, leadership, and organization. He recalled for the audience how the trial's protocol was
developed in 2000 and finalized in 2003. Its first participant was screened in Australia in 2003, while its
first and last patients were randomized in September 2003 and December 2005, respectively. ORIGIN's
first and second extensions occurred in November 2004 and December 2008, respectively. More recently,
the trial's last visit and last OGTT occurred in December 2011. The trial was sponsored by Sanofi and
headquartered at the Population Health Research Institute at McMaster University & Hamilton Health
Sciences. Its leadership represented 40 countries. Sanofi and Pronova BioPharma respectively provided
insulin glargine (Lantus) and omega-3 fatty acid (Omacor) for the trial. According to Dr. Dagenais, the
trial's event adjudication committee adjudicated nearly 12,000 first and recurrent CV events, cancer, and
other outcomes. In addition to an independent monitoring committee, the trial also had a glycemia
management committee and a publication management committee.

DESIGN OF ORIGIN

Rafael Diaz, MD (Instituto Cardiovascular de Rosario, Rorasio, Argentina)

The ORIGIN trial was designed to investigate whether insulin glargine therapy in people at risk for
cardiovascular (CV) disease with either impaired fasting glucose (IFG), impaired glucose tolerance (IGT),
or early type 2 diabetes reduces CV outcomes more than standard approaches to dysglycemia. ORIGIN was
also conducted to determine whether omega-3 fatty acids can reduce CV death in the same patient
population. The study randomized 12,537 participants to a 2x2 factorial design to receive either insulin
glargine (targeted to a fasting glucose level of 95 mg/dl) ± omega-3 fatty acids (Omacor) or standard care
± Omacor. ORIGIN was conducted at 573 sites in 40 countries (North America 11%; South America 31%;
Europe/Africa 48%; Asia 9%; and Australia 2%) and patients were followed for a median of 6.2 years (IQR
5.8-6.6 years), with the final site visit in 2011. For insulin glargine, the first co-primary endpoint was non-
fatal myocardial infarction, non-fatal stroke, or CV death, and the second co-primary endpoint was a
composite of the aforementioned events, a revascularization process, or hospitalization for congestive heart
failure. Secondary endpoints included a composite of microvascular complications, a diagnosis of type 2
diabetes, or all-cause death. The primary endpoint for the omega-3 fatty acid investigation was CV death
and secondary endpoints were CV death, myocardial infarction, stroke, all-cause death, or arrhythmic
death. The trial also studied the effects of insulin glargine therapy and omega-3 fatty acids on cancers,
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angina, hospitalizations from CV-related or other causes, hypoglycemia, weight, cognition, and erectile
dysfunction.

▪ The study's three key inclusion criteria were: 1) age ≥50 years; 2) having either impaired
fasting glucose, impaired glucose tolerance, new diabetes diagnosed before randomization, or
previously diagnosed type 2 diabetes treated with stable doses of an oral antidiabetic medication
(OAD) for at least 10 weeks (the cutoff A1c level depended on whether the participant was taking no
OAD [A1c <9%], one OAD at less than half-maximum dose [A1c <8.5%], or one OAD at more than
half-maximum dose [A1c <8.0%]); and 3) having high cardiovascular risk, defined as prior
myocardial infarction, stroke, revascularization procedure, angina with documented ischemic
changes, microalbuminuria, left ventricular hypertrophy, >50% artery stenosis, or an ankle/brachial
index <0.9. Full inclusion criteria can be found at http://1.usa.gov/KxZXHw.

▪ At baseline, 82% of participants had prior diabetes, 6% had newly diagnosed diabetes,
and 12% had prediabetes. Participants had a mean age of 63.5 years; 35% of participants were
female. Additional information on baseline characteristics and drug use are summarized below:

Baseline Characteristics % Baseline Metabolic
Characteristics

Value

Prior Diabetes 82 Median Fasting Plasma
Glucose (mg/dl)

125

New Diabetes 6 Median A1c (%) 6.4

IFG and/or IGT 12 Mean BMI (kg/m )2 29.8

Smoking 12 Mean Blood Pressure (mm
Hg)

146/84

Hypertension 80 Mean Cholesterol (mg/dl) 190

Any Albuminuria 15 Mean LDL (mg/dl) 112

Previous Cardiovascular
Disease

59 Mean HDL (mg/dl) 46

Median Triglyceride (mg/dl) 140

Baseline Antidiabetic Drug Use % Baseline Other Drug Use %

No Antidiabetic Drug 40 Statin 54

Metformin 27 ACI-I/ARB 69

Sulfonylurea 30 Thiazide 19

Other Antidiabetic Drug 3 Beta Blocker 53

Other Blood Pressure Drug 41

Antiplatelet 69

OMEGA-3 FATTY ACID AND CARDIOVASCULAR OUTCOMES

Jacqueline Bosch, MSc (McMaster University, Ontario, Canada)
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Supplementation of 1 gram of omega-3 fatty acids for over six years did not reduce CV outcomes in people
with early type 2 diabetes, IGT, or IFG at high CV risk. No statistically significant improvements were
observed in the primary outcome of CV death (HR=0.98; 95% CI 0.87-1.10; p=0.72) or the secondary
outcomes of the composite of myocardial infarction, stroke, or CV death (HR=1.01; 95% CI 0.93-1.10;
p=0.81), overall death (HR=0.98; 95% CI 0.89-1.07; p=0.63), and arrhythmic death (HR=1.10; 95% CI
0.93-1.30; p=0.26). There was no significant between-group difference in the primary outcome in the
subgroups examined, including groups defined by baseline consumption of omega-3 fatty acids, baseline
triglyceride levels, baseline glycemic status, statin use, heart rate under or over 69 beats/min, assignment
to insulin glargine versus standard glycemic treatment, and age under or over 65 years. While significantly
greater reductions in triglyceride levels were observed in the omega-3 fatty acid group (23.5 mg/dl from a
baseline of 142 mg/dl) versus the placebo group (9 mg/dl from baseline of 140 mg/dl; p<0.001), no
significant changes were observed on LDL or HDL levels in either arm. Dietary omega-3 fatty acid intake
did not differ significantly between the omega-3 fatty acid and placebo groups at baseline (210 mg/day in
each arm), two years (230 mg/day in each arm), and at study end (253 mg/day and 257 mg/day,
respectively). Adherence to therapy was reported to be high and similar between the two groups, with an
end-of-study adherence of 88% in both arms.

IMPLICATIONS FOR OMEGA-3 FATTY ACID THERAPY

Aldo Maggioni, MD (Italian Association of Hospital Cardiologists, Florence, Italy)

Dr. Maggioni highlighted results from several recent studies documenting the benefits of omega-3 fatty
acids. In the GISSI Prevenzione trial, omega-3 fatty acid treatment (1 g/day) decreased the composite
primary endpoint of cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke by 15%
after 3.5 years of treatment (GISSI Prevenzione Investigators, Lancet 1999). In a recent meta-analysis of 11
randomized, controlled trials, omega-3 fatty acid treatment was associated with a 9% risk reduction of
cardiovascular death (HR=0.91; 95% CI: 0.84-0.99) (Kwak et al., 2012). Dr. Maggioni calculated that if the
results from ORIGIN were included in the meta-analysis, omega-3 fatty acid treatment would come close to
statistical significance in reducing the risk of cardiovascular death (HR=0.94; 95% CI: 0.87-1.00). Dr.
Maggioni suggested that the fact that patients in ORIGIN were at lower risk for cardiovascular disease and
were on optimized background therapy could potentially explain the neutral findings, versus the positive
findings from previous studies in higher-risk populations (e.g., those with recent myocardial infarction or
heart failure). Further trials, including the Rischio e Prevenzione and ASCEND trials, will also provide
important information related to omega-3 fatty acids and cardiovascular disease.

BASAL INSULIN AND CARDIOVASCULAR/OTHER OUTCOMES

Hertzel Gerstein, MD (McMaster University, Ontario, Canada)

In his suspenseful presentation, Dr. Gerstein revealed the ORIGIN trial results regarding insulin glargine's
effects on cardiovascular (CV) outcomes and cancer. He opened by briefly reviewing the purpose and
protocol of ORIGIN before noting that adherence in the insulin glargine group remained high (~80%) at the
study end. At year seven of the follow-up period, there was little change in median A1c from baseline in both
the insulin glargine group (6.4% at baseline to 6.2% at year seven) and the standard care group (6.4% to
6.5%). In the same period, median fasting plasma glucose decreased in those taking insulin glargine (from
125 mg/dl to 94 mg/dl) while remaining constant in the standard care arm (~124 mg/dl). Insulin glargine
therapy decreased the need for other antidiabetic medications, but had no effect on CV risk factors or the use
of CV-related medications compared to standard care treatments. Notably, over the six-to-seven-year trial
duration, insulin glargine therapy conferred no impact on cardiovascular (CV) outcomes for both the first
co-primary endpoint (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke) (HR=1.02;
95% CI: 0.94-1.11; p=0.63) and the second co-primary endpoint (a composite of the aforementioned plus
revascularization and hospitalization for heart failure) (HR=1.04; 95% CI: 0.97-1.11; p=0.27). This neutral
effect was similar across subgroups. Similarly, no difference was observed in the incidence of cancer
(HR=1.00; 95% CI: 0.88-1.13) or in death from cancer (HR=0.94; 95% CI: 0.77-1.15) with insulin glargine
therapy versus standard care. The results indicate that within the first six to seven years of treatment,
insulin glargine confers neither benefit nor harm on CV outcomes or cancer in people with high CV risk and
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either pre-diabetes or early type 2 diabetes. However, several questions still remain, including whether the
use of metformin mitigated any harmful CV influences of insulin glargine and whether the study duration
was long enough to capture a treatment effect.

▪ Dr. Gerstein cited several lines of evidence suggesting that basal insulin therapy may
reduce cardiovascular (CV) outcomes: 1) it restores the insulin deficit in dysglycemia; 2) it
partially relieves the pancreas from producing insulin, allowing the pancreas to better buffer glucose
changes; 3) it may reduce the toxic pro-oxidant effects of glucose; 4) experimental studies show that
insulin has anti-inflammatory, vasodilatory, and antithrombotic properties; 5) insulin improves
endothelial repair and dysfunction; and 6) in UKPDS and DCCT, participants receiving more
frequent and higher doses of insulin appeared to have a decreased risk of CV outcomes.

▪ As a reminder, ORIGIN was conducted to determine whether insulin glargine therapy
in people at risk for cardiovascular (CV) disease with either prediabetes or early type
2 diabetes reduces CV outcomes more than standard approaches to dysglycemia. The
trial's 12,537 participants were randomized according to a 2x2 factorial design to receive insulin
glargine ± an omega-3 fatty acid (Omacor), or placebo ± Omacor. The first co-primary endpoint was
non-fatal myocardial infarction, non-fatal stroke, or CV death while the second co-primary endpoint
was a composite of the aforementioned events, a revascularization process, or hospitalization for
congestive heart failure.

▪ In the insulin glargine group, 83.6% of participants were taking insulin by year seven
of the follow-up and only 19% had permanently discontinued insulin by the study end.
The most cited reason for stopping insulin glargine therapy was refusal to treatment (90.3%)
followed by "other" (5.0%; specifics not given), hypoglycemia (4.1%), weight gain (0.3%), and
hyperglycemia (0.3%). The median insulin dose rose from 0.31 U/kg during the first year to 0.4
U/kg by year six (IQR: 0.27-0.56 U/kg). Insulin use was relatively low in the standard-care group,
with only 11% of participants on insulin by the end of the study.

▪ Median A1c in the insulin glargine group remained relatively constant from 6.4% at
baseline to 6.2% (IQR 5.8-6.8) at year seven, and median fasting plasma glucose (FPG)
levels dropped from 125 mg/dl to 94 mg/dl (IQR: 81-113 mg/dl) during the same
period. Dr. Gerstein noted that the IQR for FPG levels at year two of the follow up was 79-104 mg/
dl, meaning that 75% of participants on insulin glargine had FPG <104 mg/dl within two years of
treatment. Participants in the standard care group experienced little change in median A1c or
median FPG from baseline (6.4%; 124 mg/dl) to year seven (6.5%; 94 mg/dL) or study end (123 mg/
dl), respectively.

▪ By the end of the study, participants on insulin glargine used significantly fewer
antidiabetic medications than those on standard care treatments. No between-group
difference was seen in the use of other drugs.

Table 1. Drug use at study end, before participants in the insulin glargine group without diabetes stopped
insulin therapy.

Antidiabetic Drugs Insulin Glargine
(%)

Standard Care
(%)

P-value

No oral agents 35.1 19.2 p <0.001

One oral agent 50.7 38.6 p <0.001

Two oral agents 11.5 27.8 p <0.001

≥3 oral agents 2.8 14.4 p <0.001

Rapid insulin 2.0 5.0 p <0.001
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Any insulin 83.2 10.8 p <0.001

Metformin 46.5 59.7 p <0.001

Sulfonylurea 24.6 46.5 p <0.001

Other Drugs Insulin Glargine
(%)

Standard Care
(%)

P-value

Statin 62.3 60.3 p = 0.06

Thiazide 22.8 23.4 p = 0.47

ACE-I/ARB 76.7 76.4 p = 0.71

Beta blocker 56.1 56.1 p = 0.97

Antiplatelet 71.2 70.7 p = 0.57

▪ Insulin glargine therapy had no meaningful effect on cardiovascular risk factors
compared to standard care. Dr. Gerstein mentioned that the statistically significant differences
in HDL and triglycerides between the two arms were likely due to the nature of the statistical
protocol, and are not clinically relevant.

Table 2: Cardiovascular risk factors at study end.

Cardiovascular Risk
Factor

Insulin Glargine Standard Care P-value

Cholesterol (mg/dl) 175 177 p = 0.09

LDL (mg/dl) 102 102 p = 0.51

HDL (mg/dl) 45 46 p <0.001

Triglycerides (mg/dl) 124 128 p <0.001

Heart Rate 69.2 69.7 p = 0.08

Systolic/Diastolic
Blood Pressure (mg/
dl)

141/79 141/79 p = 0.4

▪ During the six-to-seven-year trial, insulin glargine therapy had a neutral effect on
cardiovascular (CV) outcomes for both the first co-primary endpoint (HR=1.02; 95%
CI: 0.94-1.11; p=0.63) and the second co-primary endpoint (HR=1.04; 95% CI:
0.97-1.11; p=0.27). Similarly, insulin glargine had no impact on microvascular outcomes (see
table below). Notably, metformin was ultimately used in 47% of the insulin glargine group and,
given its possible cardioprotective effects, may have mitigated any harmful impacts of insulin
glargine. While the influence of metformin on CV outcomes during this trial is uncertain, any
confounding effects were also applied to the 60% of the standard care group that used the drug (see
Table 1 above).

Table 3: Effects of insulin glargine therapy on the co-primary and other outcomes.

Outcome HR 95% CI P-value Insulin
Glargine

Standard
Care
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No./100
patient-yr

No./100
patient-yr

First co-primary
outcome

1.02 (0.94-1.11) 0.63 2.94 2.85

Second co-primary
outcome

1.04 (0.97-1.11) 0.27 5.52 5.28

Microvascular
outcomes

0.97 (0.90-1.05) 0.43 3.87 3.99

Total mortality 0.98 (0.90-1.08) 0.70 2.57 2.60

Total myocardial
infarctions

1.02 (0.88-1.19) 0.75 0.93 0.90

Total strokes 1.03 (0.89-1.21) 0.69 0.91 0.88

Death from CV
causes

1.00 (0.89-1.13) 0.98 1.57 1.55

Hospitalization for
congestive heart
failure

0.90 (0.77-1.05) 0.16 0.85 0.95

Revascularization 1.06 (0.96-1.16) 0.24 2.69 2.52

Angina 0.95 (0.85-1.05) 0.29 2.07 2.17

Unstable 0.91 (0.76-1.08) 0.28 0.66 0.72

New 0.72 (0.56-0.93) 0.01 0.27 0.38

Worsening 1.02 (0.89-1.16) 0.80 1.29 1.26

Limb or digit
amputation

0.89 (0.60-1.31) 0.55 0.13 0.14

CV hospitalization 1.00 (0.94-1.07) 0.90 6.98 6.91

Non-CV
hospitalization

0.99 (0.94-1.05) 0.85 7.90 7.93

▪ Data show that within the first six to seven years of treatment, insulin glargine had no
impact on the incidence of cancer or on death from cancer.

Table 4: Effects of insulin glargine therapy on cancer.

Cancer Outcome HR 95% CI P-value Insulin
Glargine
No./100
patient-yr

Standard
Care
No./100
patient-yr

Any cancer 1.00 0.88-1.13 0.97 1.32 1.32
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Death from cancer 0.94 0.77-1.15 0.52 0.51 0.54

Breast cancer 1.01 0.60-1.71 0.95 0.08 0.08

Lung cancer 1.21 0.87-1.67 0.27 0.22 0.18

Colon cancer 1.09 0.79-1.51 0.61 0.21 0.19

Prostate cancer 0.94 0.70-1.26 0.70 0.36 0.38

Melanoma 0.88 0.44-1.75 0.71 0.04 0.05

Other 0.95 0.80-1.14 0.59 0.64 0.67

▪ Subgroup analysis revealed that insulin glargine therapy had similar effects on both
co-primary outcomes regardless of co-treatment with omega-3 fatty acids, gender,
age, BMI, A1c level, history of cardiovascular events, or drug use. Only the relationship
between insulin glargine's potential cardiovascular (CV) effects and patients' CV history approached
statistical significance for the first co-primary endpoint (p=0.05), and this correlation disappeared
in the second co-primary endpoint analysis (p=0.83).

Table 5: Subgroup analysis for cardiovascular outcomes.

First Co-primary Outcome Second Co-primary OutcomeSubgroup

Hazard

Ratio

95% Confidence

Interval

Hazard

Ratio

95% Confidence

Interval

Placebo Allocation 0.99 0.88-1.12 1.00 0.91-1.10

Omega-3 Allocation 1.06 0.94-1.19 1.07 0.98-1.18

Male 0.98 0.89-1.09 1.00 0.93-1.08

Female 1.11 0.94-1.31 1.08 0.95-1.24

Age <65 years 1.06 0.93-1.21 1.03 0.94-1.13

Age ≥65 years 0.99 0.88-1.11 1.05 0.96-1.15

BMI ≤30 0.97 0.87-1.09 0.99 0.91-1.08

BMI >30 1.09 0.95-1.26 1.10 0.99-1.22

Median A1C <6.4% 1.11 0.97-1.27 1.08 0.98-1.19

Median A1C ≥6.4% 0.95 0.85-1.07 0.99 0.91-1.09

No Prior CV Event 1.17 1.00-1.37 1.05 0.92-1.19

Prior CV Event 0.97 0.87-1.07 1.03 0.96-1.12

No Metformin 0.99 0.90-1.10 1.03 0.95-1.11

Metformin 1.12 0.94-1.34 1.07 0.94-1.22
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No Statin Use 1.08 0.95-1.22 1.09 0.98-1.20

Statin Use 0.98 0.86-1.10 1.00 0.92-1.10

No ACE-I/ARB 1.14 0.97-1.35 1.13 0.99-1.28

ACE-I/ARB 0.98 0.89-1.09 1.01 0.93-1.09

IFG/IGT 0.99 0.75-1.30 1.07 0.88-1.31

New Diabetes 0.93 0.65-1.32 1.08 0.83-1.40

Prior Diabetes 1.03 0.94-1.14 1.03 0.96-1.11

BASAL INSULIN AND DIABETES PREVENTION

Jeffrey Probstfield, MD (University of Washington, Seattle, WA)

Dr. Probstfield announced ORIGIN results on insulin glargine and diabetes prevention. At the time of the
first oral glucose tolerance test following the last visit (a median of 25 days following discontinuation of
treatment), individuals with prediabetes on insulin glargine therapy (n=737) had a 28% lower risk
(HR=0.72; 95% CI: 0.58-0.91, p= 0.006) of progressing to diabetes than those who were not on insulin
treatment (n=718). For those still without diabetes after the first OGTT, insulin glargine treatment reduced
the progression from prediabetes to diabetes versus comparator with borderline significance (HR=0.80;
95% CI: 0.64-1.00; p=0.05) at the time of the second OGTT (a median of 100 days following treatment
discontinuation). In conclusion, Dr. Probstfield stated that although insulin glargine titrated to normal
fasting plasma glucose reduces the incidence of diabetes compared to standard care, the durability of the
effect beyond three months following the end of treatment remains unclear.

SAFETY OF INSULIN (HYPOGLYCEMIA, WEIGHT GAIN)

Lars Rydén, MD, PhD (Karolinska University, Stockholm, Sweden)

Dr. Rydén reviewed the safety results from the ORIGIN trial, focusing on hypoglycemia and weight gain. In
the trial, any non-severe hypoglycemia was defined as exhibiting signs and/or symptoms of hypoglycemia;
confirmed non-severe hypoglycemia was defined as signs and/or symptoms of hypoglycemia as well as
capillary glucose < 54 mg/dl; and severe hypoglycemia was defined by signs and/or symptoms of
hypoglycemia, required assistance, and any measured glucose <36 mg/dl or spontaneous recovery with
carbohydrates or glucagon. The rates of any non-severe hypoglycemia (0.17 per patient-year versus 0.05
per patient-year; p <0.001), confirmed non-severe hypoglycemia (0.10 per patient-year versus 0.03 per
patient-year; p <0.001), and severe hypoglycemia (0.01 per patient-year versus 0.003 per patient-year; p
<0.001) were statistically significantly greater in the insulin glargine arm than the standard care arm. Dr.
Rydén noted that the rate of severe hypoglycemia with insulin glargine versus standard therapy in the
ORIGIN trial (0.7% per year) was comparable or lower to that observed between the intensive glycemic
control and standard therapy arms in other major outcomes trials, including ACCORD (2%), ADVANCE
(0.3%), UKPDS (1.0%), and VADT (2.0%). Weight change was also significantly greater in the insulin
glargine arm (+1.6 kg [3.5 lbs] versus -0.5 kg [1.1 lbs]; p <0.001). Baseline weight was 85 kg (187.4 lbs) in
the insulin glargine arm and 83 kg (183.0 lbs) in the standard therapy arm.

IMPLICATIONS FOR INSULIN THERAPY

Matthew Riddle, MD (Oregon Health and Science University, Portland, OR)

Dr. Riddle summarized ORIGIN's conclusions and laid out its implications for a captive audience. He
emphasized that ORIGIN's results demonstrate a clearly neutral effect of once-daily insulin glargine (used
for a median of 6.2 years to target an FPG of on ≤95 mg/dl in people with early diabetes, IGT and/or IFG)
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on CV outcomes and cancer. Additionally, when used as in the trial, insulin glargine treatment slows the
progression of dysglycemia versus standard care, even after treatment is ceased for a month or more. Dr.
Riddle posited that this effect is more likely related to enhancement of beta cell function than to reduction of
insulin resistance (the mechanism proposed for other therapies thought to be associated with a reduced risk
of progression to dysglycemia). Once-daily insulin glargine treatment can additionally maintain near-
normal glycemic control over a median of 6.2 years and has a small A1c advantage over standard
treatment. Finally, it has a greater effect on FPG than standard treatment, but modestly increases
hypoglycemia and weight. According to Dr. Riddle, these findings imply that: 1) supplementing endogenous
insulin with basal insulin slows the progression of dysglycemia; 2) exogenous basal insulin flexibly lowers
glucose levels over six to seven years (later harms or benefits cannot be ruled out); 3) despite this lowering
of glucose levels, routine use of basal insulin glargine is not better than guideline-based care in limiting
health outcomes in the population studied over the duration of treatment; 4) basal insulin glargine is the
best-studied glucose-lowering drug currently available; and 5) no new safety concerns (aside from
hypoglycemia and weight gain) need limit insulin glargine's early use. We'll be quite curious to see if
ORIGIN's results drive any significant change in use of early medication in the long term. We assume that
due to both physician and patient hesitance around the use of insulin, daily insulin use wouldn't be used in
most cases in the short term. Still, we can see the call for more studies looking at the impact of other
medicines early in disease therapy that aren't associated with hypoglycemia or weight gain and may
provide for improved adherence (i.e., DPP-4 inhibitors and GLP-1 agonists). However, even if these
therapies demonstrate an ability to delay progression to diabetes (which we believe is likely), it seems clear
that this effect will have to be linked to improvements in long-term complications to have an impact on
clinical practice. To date, no study has shown a reduction in the risk for long-term complications with the
earlier initiation of glucose lowering therapies. Critics of the gluco-centric approach to diabetes care (such
as Dr. Steven Nissen) have argued that increasing emphasis should be placed on studying ways to prevent
complications, not just only on ways to lower glucose levels.

▪ Dr. Riddle summarized ORIGIN's findings for an eager audience. He noted that when
used for a median of 6.2 years to target an FPG of ≤95 mg/dl in people with early diabetes, IGT and/
or IFG, insulin glargine treatment:

1. Has a clearly neutral effect on CV outcomes and cancer compared to standard
glycemic treatment. Per Dr. Riddle, this finding withdraws support from the hypothesis that
use of systematically titrated basal insulin might reduce CV risk. Yet it also doesn't aid the
proposal (based on epidemiological findings) that insulin therapy increases CV risk via
hyperinsulinemia or due to hypoglycemia. Similarly, this conclusion supports neither
suggestions of an association between glargine treatment and increased cancer risk, nor
proposals (again based on epidemiological findings) of a link between insulin glargine
treatment and higher cancer risk. Dr. Riddle emphasized that this finding is based on a strong
outcomes dataset, as outcomes ascertainment was high in the trial (medical outcomes were
known for over 99% of ORIGIN's participants by the trial's end).

2. Slows the progression of dysglycemia compared to standard treatment. This effect
notably persists even after insulin glargine treatment is ceased for a month or more. According
to Dr. Riddle, this finding is not only statistically significant, but clinically important as well.
Dr. Riddle emphasized that since this effect was seen in the context of a modest insulin-
associated increase in weight, it is more likely related to enhancement of beta cell function than
to reduction of insulin resistance (the mechanism proposed for other therapies thought to be
associated with a reduced risk of progression to dysglycemia).

3. Maintains near-normal glycemic control and has a glucose-lowering advantage
(both in terms of A1c and FPG) over standard treatment. It should nonetheless be
noted, Dr. Riddle said, that glycemic control was strong in both of ORIGIN's arms - at the end
of the study, median A1c was either about the same as or lower than at baseline with both
glargine and standard treatment. Notably, these results were achieved through high insulin
adherence and appropriate insulin titration. 85% and 80% of subjects were still on insulin at
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five years and the study's end, respectively, and at the end of five years, more than 75% of
subjects had kept an FPG of <108 mg/dl.

4. Modestly increases hypoglycemia and weight versus standard treatment.

▪ To conclude, Dr. Riddle reminded the audience that despite ORIGIN's findings, we are
not finished learning about the values or difficulties of insulin therapy. He also excitingly
told the audience that further analyses of the ORIGIN database are forthcoming "in due time."

PANEL DISCUSSION

Giles Dagenais, MD (Laval University, Quebec, Canada); Ambady Ramachandran, MD, PhD
(India Diabetes Research Foundation, Chennai, India); Rafael Diaz, MD (ICR Rosario,
Rosario, Argentina); Jacqueline Bosch, MSc (McMaster University, Ontario, Canada); Aldo
Maggioni, MD (Italian Association of Hospital Cardiologists, Florence, Italy); Hertzel
Gerstein, MD (McMaster University, Ontario, Canada); Jeffrey Probstfield, MD (University of
Washington, Seattle, WA); Lars Rydén, MD, PhD (Karolinska University, Stockholm, Sweden);
Matthew Riddle, MD (Oregon Health and Science University, Portland, OR)

Q: Does this trial give us information about whether to position basal insulin in type 2 diabetes
earlier rather than later? And what do you think the impact will be on guidelines around the
world?

Dr. Gerstein: It is always difficult to know how any research findings will affect clinical practice guidelines. I
personally think that it will have a big effect on how we manage people with diabetes. I am always asked by
my patients, "Doctor, if you put me on insulin, isn't it going to increase my risk of cancer and heart disease?"
Until now, I would say, "I don't believe so." Now, I can say "No, at least over seven years time." I think that's
an important piece of information I can tell my patients. I can also tell patients at this point in time that it
doesn't look like there are any new mysterious hidden side effects of basal insulin other than those we know -
a little bit of hypoglycemia and weight gain.

Q: Do you think there will be better beta cell preservation with basal insulin? I noticed very
few people in the trial were on prandial insulin.

Dr. Gerstein: It's true that very few patients were on prandial insulin. They achieved better glycemic control
on glargine. Whether glargine has long-term effects on beta cell function is not known. We are planning a
passive follow-up study right now. It is already being implemented as we speak. It is called ORIGINALE and
will look at legacy effects. We will see if anything comes from that.

Q: Three short points. Does the data you present validate use of an A1c of 6.5% for diagnosis?
Because, many patients had an A1c lower than 6.5% at baseline and saw a benefit in the trial.
Perhaps we are diagnosing too late? Second, do you think that a counterview in terms of beta
cell preservation is that subcutaneous liver fat is dissipated over time? The final thing is that I
think the data suggests that if we pick up diabetes care early, even in the standard care arm,
we can have a significant effect on glycemic control.

Dr. Riddle: The central issue concerns the relative success of the standard treatment arm. Patients entered
with an A1c of 6.5% and exited with an A1c of 6.4% or 6.5%. It is not easy to argue that either standard
treatment or insulin treatment should not be used in this population. Many of the patients were on oral
therapy already to achieve the baseline level. I think the data supports both forms of treatment. It is arguing
that standard treatment can be very effective if systematically used and adjusted. It also suggests that there is
no reason to withhold basal insulin for safety concerns.

Q: What about subcutaneous fat versus beta cell preservation?

Dr. Riddle: I don't think that we can get a correct answer to that question from this study. There are many
hypotheses that will drive future analyses.

Dr. Gerstein: No difference in the waist to hip ratio was seen.
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Q: In the data you presented, the standard arm had a higher use of metformin than the
glargine arm. In UKPDS, metformin was associated with a CV protective effect. Do you believe
these results could have been impacted by the use of metformin being greater in the standard
therapy arm?

Dr. Rydén: If metformin had a truly protective effect, that would have made it more difficult for us to show a
benefit. That may be a reasonable assumption. But there is a low event rate in both groups, so it means that if
you can control glucose by any safe and reasonable means, you'll be similarly effective in reducing the risk for
CV events. For me as a cardiologist, these results make me feel a bit more secure. It is a bit harder for us to use
insulin therapy. The fact that easier to introduce oral therapies may not increase the risk for CV events is
reassuring.

Dr. Gerstein: We did randomize patients in the trial, so you can look at the results and make some
conclusions. There was less metformin in the glargine arm. It is hard to know what it means. A lot of the data
around metformin is from epidemiological studies. These studies are not the same as randomized controlled
trials. They can only be hypothesis generating.

Q: It is rather disappointing that most of the primary endpoints in the study were negative.
And then we come to the secondary endpoint, which is the only one that was significant - the
reduction of risk in diabetes. Now it's not unexpected that during the study, the group
randomized to glargine would have less manifestation of hyperglycemia than the control
group, that's for sure. My only question is whether you are going to repeat the OGTT one or
two months from now to see if this is a treatment of hyperglycemia or whether there really is a
reduction of diabetes.

Dr. Gerstein: We have no plans to repeat the OGTT. The last patient visit was in 2011, so that's not going to
happen now. We are following patients in a legacy follow-up study called ORIGINALE, in which we will use
A1c to detect new diabetes. The first OGTT was done a median of 25 days after stopping insulin. The duration
of glargine action is one day. The second OGTT was done 100 days after stopping therapy. It is unlikely that
there is a residual effect of insulin in the blood. But we will have to wait longer to find out whether the effect
on beta cell function lasts longer.

Q: To be provocative, do any of you want to comment on the proper role of observational
studies? They often seem to be conducted without prior leading hypotheses, and the results
are pushed into publication with great fanfare in the press. These results then have an effect
on the worldwide practice of medicine.

Dr. Gerstein: I agree completely with what you said. When designing a randomized controlled trial, we write
out our protocol and our analysis plan. We then stick with and follow this plan. Additionally, by randomizing,
you are helping ensure that the two groups are exactly the same. That way, you know that you are only
introducing one difference between the groups. You can then with more confidence make conclusions about
the effect of that difference between the groups. With epidemiological studies, if you give some group Drug A
and see an effect, you won't be able to tell for sure whether the effect was due to Drug A or due to some other
variable that existed before Drug A was given. This is a major limitation of all epidemiological studies - you
can't absolutely ascribe the reason for an effect to a medication regardless of how many things you control for
in the study.

Q: When patients were on metformin, there was a trend towards favoring conventional
treatment instead of Lantus. Also, when patients were on statins, there was a trend towards
favoring conventional treatment compared to insulin treatment. What would be the impact for
patients on both metformin and statin treatment, which is very often used for patients with
newly diagnosed diabetes?

Dr. Gerstein: When one does a study of this size, trends are not really relevant to look at. If you have a neutral
effect, there will be a subgroup where you see a more favorable trend, and another where you see a less
favorable trend. These are all totally random and by chance alone. We should be cautious not to overinterpret

www.closeconcerns.com 345



the trends. All of the things that you suggest are perfectly appropriate to explore as hypothesis generating
analyses.

Q: There was a 3% reduction in microvascular outcomes in the insulin glargine group. Looking
at previous trials, like UKPDS, the degree of risk reduction was around 8-10%. Is there
anything treatment mediated that is decreasing this risk?

Dr. Riddle: There are two comments here. First, while the standard treatment group had an average A1c that
was 0.3% higher than the insulin glargine group at the end of the trial, the standard treatment group was still
below 6.5% A1c throughout the trial. At this A1c level, the slope of the relationship between A1c and
complications is very shallow. We would not expect to see very big differences in microvascular outcomes
from what we what we know from other studies. Second, the data that we have analyzed and showed you
today is on composite microvascular outcomes. These are mostly clinically relevant endpoints on the eye and
the kidney, like vision loss, end-stage renal disease. We are going to have to dig deeper into more minor
endpoints before we can answer the question on microvascular outcomes.

Q: Have you found any difference in cancer incidence according to age and insulin dose
requirements?

Dr. Gerstein: We did not find any difference with respect to age. We haven't yet completed a careful analysis
with respect to cancer. There will be a separate publication on cancer that will look at this a lot more carefully.

Q: This question is half comment half question. Do you think this that this study pretty much
shows that getting good control stops progression significantly? Does that mean that glucose
control can delay the progression of diabetes? Also you presented the results for prediabetes
separately. But the side-effect profile was for the whole cohort. Do you actually have the side
effect profile for prediabetes?

Dr. Probtsfield: It was similar in this part of the cohort. There were slightly fewer side effects, but it was really
quite similar.

Dr. Riddle: Regarding the comment with the question wrapped in it - the most solid finding we have about
beta cell protection and the natural history of diabetes is in the subset of 1,400 people who did not have
diabetes and very clearly showed that over the short term, there is a slow worsening of beta cell functioning at
least. The bigger question is - what about people who already have diabetes? Are we doing anything favorable
to slow its progression? There is a hint that we might be doing so. Because we were very successful throughout
the study in maintaining some very good glucose control in the glargine arm, but on the other hand the
standard arm was very successful as well. The only additional clue is that the glargine dose did not increase
over time beyond year three. So it's a plausible hypothesis, but I can't answer that. I know what you're
thinking though.

Q: In the group that had impaired glucose tolerance, did you have any patients that had fasting
glucose levels less than 95 or 90 mg/dl, but an impaired postprandial glucose response? In this
group, how did you initiate glargine, and wouldn't this cause hypoglycemia?

Dr. Gerstein: We started and maintained individuals at two units per day unless glucose levels started to rise,
then we started to up-titrate from there.

Q: So these individuals didn't experience any hypoglycemia?

Dr. Gerstein: Hypoglycemia was less in the group without diabetes receiving glargine than in the group with
diabetes receiving insulin glargine. This was likely because the individuals without diabetes still had residual
beta cell and alpha cell function that could help regulate blood glucose levels.

Dr. Rydén: There will be a separate paper on hypoglycemia that will explore both the rate of hypoglycemia
and between group differences.

Q: Beta cell preservation is very important in diabetes. Having said that, obviously we have
trouble convincing patients and primary care physicians to treat patients to a target A1c of

www.closeconcerns.com 346



6.0-6.5%. Do you think ADA would take this information and change their guidelines back to
6.0%?

Dr. Gerstein: I wrote guidelines for 13 years, and I could never predict what guideline writers would do.

Q: The messages that you are sending are a little bit mixed. The good news is that you can use
fasting plasma glucose to safely titrate insulin, and that there is no extra harm, including
cancer. However, I'm a bit disappointed on the results of macrovascular complications.

Dr. Gerstein: I think there are a few points to make. First of all, we're not out to show what the effects of more
versus less intensive glucose-lowering therapy does. We studied people very early in the dysglycemia
spectrum, so you would expect the actual incidence of macrovascular disease to be lower than those further
along in the disease. This study tells us if you manage patients according to the standard of care, six to seven
years later, you get the same macrovascular outcomes. Whether this translates into a difference 10, 15, or 20
years down the line is obviously something we don't know at this point.

Q: When my patients are deciding whether to start insulin, they don't ask me, "is this insulin
going to harm me?" but rather "if I go through the hassle of taking the shot every day, will I
live longer and will I have fewer complications?" Yesterday I was prepared to say "maybe."
Tomorrow I'm prepared to answer "no."

Dr. Riddle: First, we were studying recently diagnosed patients in whom it's very easy to control them with
oral antidiabetic medications, and the success of the standard arm verifies that. The treatment system
implemented in the standard arm demonstrates that you can maintain glucose control and protect against
complications with that means. These results may be helpful, however, because even in patients with a modest
duration of diabetes, an event could lead to a short or prolonged loss of glucose control. There may be a strong
reluctance to start insulin therapy when oral antidiabetic medications aren't capable of doing the job. A
clinical challenge is to define the subgroups of patients early in type 2 diabetes for whom early intervention
with insulin would be very helpful. Our study isn't going to answer that question.

Q: Do you have any data on hypoglycemia and cardiovascular events?

Dr. Rydén: We have no indication that hypoglycemia, not even the severe events, caused cardiovascular
events. I think this is a very informative and interesting part of the study, that it was possible to titrate to
almost normal glucose and still keep the patients pretty safe.

Q: The results are extremely disappointing. We know that people early in the course of the
disease that experience hypoglycemia have an increased event rate for stroke and myocardial
infarction. The study shows that there is no sense for early insulin because it increased the
risk for hypoglycemia without decreasing the risk for CV events. Wouldn't you agree?

Dr. Gerstein: That is a perfectly appropriate way to look at the data. We need to identify other ways to reduce
CV events early in the course of the disease. We'll see what the impact is in 10-15 years. But until then, you are
right. We have not found the secret yet to reducing CV events in the short term. There is a lot of background
therapy aimed at achieving this goal with ACE inhibitors and ARBs, but the event rate was still 3%.

Dr. Rydén: I would also point out that we predicted an event rate higher than 3% when planning the trial. We
had a lower event rate than we had predicted. The result then seems to suggest that if we can lower glucose to
a certain level, then it doesn't matter which drug you use. Again in the long run, it is hard to keep patients on a
drug. Perhaps glucose is not the appropriate target. I'm not exactly sure what the other target could be, but it
should be something that provides a more complete picture. We need to look into this more.

Q: In my view, this is a neutral study. Personally, I expected better cardiovascular prevention
with insulin therapy. I'm wondering whether the old treatment with metformin and
sulfonylurea is the ideal one as a comparator, since several trials (e.g. UKPDS) indicated that
it could increase cardiovascular events but not mortality. The combination of GLP-1 agonist
therapy and metformin could be better.
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Dr. Gerstein: I think that's an excellent hypothesis that needs to be tested in a prospective study. Metformin
and sulfonylurea have been the standard of care. The UKPDS did not randomize patients to metformin plus
sulfonylurea - it was a later, hypothesis-generating analysis as far as I recall. We did not in any way inhibit the
use of other drugs in the control group; most were on metformin and sulfonylurea. All we can compare insulin
glargine to is the standard of care. Maybe some of the new drugs being tested in randomized, controlled trials
will show cardiovascular benefit - we'll have to wait and see.

Exhibit Hall - Highlights

▪ Abbott: This year's exhibit was all about showing off the FreeStyle InsuLinx, Abbott's new
touchscreen meter with insulin logging. The large exhibit was covered by an extensive yellow
canopy. Below a gigantic television screen introducing the InsuLinx, patrons could walk through a
"gateway" into the exhibit, flanked on both sides by giant simulations of the InsuLinx meter. In a
nice touch, the canvas covers above the exhibit featured projections of butterflies swooping around
the InsuLinx logo. This all combined to create one of the most immersive experiences we had while
walking the exhibit hall floor - you really felt like you were stepping into the world of the InsuLinx!
The demos for the product emphasized its ease of use in testing, easy logging and retrieving both
insulin and glucose values, the intuitive display, and extensive memory and battery life.
Additionally, Abbott featured some nice extras, including not one but two separate areas for food
and drink. On one side of the exhibit, visitors could get delicious coffee from a giant, stately looking
espresso machine, while on the other side were free, frozen samples of chocolate Glucerna. Making
its ADA debut was the new 11.5-fluid-ounce Hunger Smart shake, which features six grams of sugar
and 15 grams of protein per bottle. Another aspect of Abbott's ADA presence was a station about the
AlphaTRAK blood glucose monitoring system for animals - colored in pink rather than the
distinctive FreeStyle yellow. Despite an extensive international section nearly half the size of their
main American market exhibit, we saw no mention of the FreeStyle Navigator, the continuous
glucose monitor that was discontinued in the United States but is still available abroad. This was
unfortunate not to see the technology that was touted so much in the CGM orals on Friday (see 1-OR
to 8-OR in the CGM section of our ADA Full Report).

▪ Allergan: The Allergan booth was quite conservative in size this year, and had an identical display
to when we last saw them at AACE in this very exhibit hall. The booth sported the slogan "A safe and
effective path to better health," with handouts stating that "Now is for taking control of your weight
and your life. Now is for Lap-Band." The company representative used a small model of the stomach
to demonstrate how the Lap-Band reduces stomach capacity by placing a silicone band around the
upper part of the stomach.

▪ Amylin: Though Amylin was located at one of the four main entrances to the exhibit hall, it
occupied the least trafficked one. Amylin tripled in size from its last exhibit at AACE two weeks ago,
with the majority of the booth dedicated to Bydureon. The booth featured three igloo-like structures
in which visitors could watch sales representatives quickly and smoothly demonstrate the steps
involved in injecting a dose of Bydureon. This was good because there are a lot of steps that aren't
necessarily intuitive but can be learned over time so it's second nature. In addition to Bydureon's
ease of administration, robust glycemic efficacy, and more favorable tolerability than Byetta, the
sales representatives also readily cited the 2012 ADA/EASD Position Statement in handouts, which
positioned GLP-1 receptor agonists like Bydureon as an acceptable second-line therapy for patients
uncontrolled on metformin. Amylin maintained its motto of "Amylin has some news that will be
music to your ears" and featured music notes above its boldly green and orange exhibit. It was
probably music to Amylin's ears when it saw where GLP-1 landed in the new position statement -
just another reinforcement, from our view, that rapid and short acting insulin will be used later and
later for type 2 patients (although ultimately perhaps more will be used since more of these patients
will live longer - we really believe GLP-1 will ultimately be a factor in type 2 patients living longer).
An ad on the carpet by another entrance to the exhibit hall encouraged visitors to visit Amylin's
smaller Byetta booth. At the center of the exhibit was a 'charging station,' meant both literally and
figuratively - Amylin offered couches for lounging and cables for recharging your phone. Tucked on
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one of the edges of the booth were two smaller stands for Byetta and Symlin. At the Byetta stand,
sales representatives were eager to discuss the use of Byetta on top of insulin glargine while Symlin
sales representatives stressed Symlin's ability to help smooth out blood sugar levels and improve
A1c.

▪ Bayer: The exhibit was geared towards promoting two of their blood glucose meters - the already
popular Contour USB and the recently approved Contour Next EZ, which was introduced at ADA in
anticipation of its big upcoming launch. For us, the very big news with Bayer was its new strip; the
Contour Next EZ is extremely similar to the Contour in form factor but uses considerably more
accurate strips. And what does this mean? 100% of the time, the strips will be within 10% accuracy
of lab standards (including below 75 mg/dl)! This is a major achievement in our view, and some of
the very biggest news at the exhibit hall, given that the current requirement for meters is to be
within 20% of the accuracy of lab standards, at least 95% of the time (and within 15 mg/dl below 75
mg/dl). As such, demos emphasized, respectively, the high accuracy of the Contour Next EZ and the
intuitive nature of the Contour USB interface. As the meter goes, one rep put it, the Contour USB is
the kind of device for people who don't always read all the directions before using a new piece of
technology. That's a lot of people, in this world in which it's increasingly hard to grab anyone's
attention for any length of time. A gigantic, multi-story circular structure at the center of the Bayer
booth dominated the exhibit and much of its surroundings. On one side, visitors could line up to get
their A1c checked. This was, as expected, a hugely popular attraction, as visitors extended long
beyond the twisting line dividers set up for the wait cue. During the test itself, volunteers got to sit at
a counter in tall chairs not unlike those you might find in a kitchen. Indeed, Bayer seemed to be
expressly cultivating a welcoming, homey feel to their exhibit, from the A1c testing area to the
omnipresent wood paneling to the potted plants laid out before the quiz show screen. The Jeopardy!
style game, always a popular attraction in Exhibit Halls, gave six contestants a chance to test their
knowledge of Bayer products and local Philadelphia trivia (Rocky and cheesesteaks were prominent
topics). Notably, the winner of each round walked away with their very own Contour USB. Bayer
also was one of a few exhibits that turned their extra space over to tables and chairs for visitors to sit
and rest up before continuing to tour the floor. This is smart. And, is as becoming the norm for
Bayer at healthcare conferences, the image of ad campaign spokesman Nick Jonas was nowhere to
be seen.

◦ Also on view but outside the spotlight was the Contour Link, Bayer's recently
approved Medtronic-linked meter. We understand that the Contour Link is already
being shipped with Medtronic pumps, but Bayer seems to be holding the fanfare until its
launch of the Contour Next Link, which will use the same accurate strips as the Contour
Next EZ. (The timeline for launch of both the Contour Next EZ and Contour Next Link
appears to be late summer / early fall). We were slightly surprised this wasn't a bigger
focus given that Bayer stands to win a great deal when these users move to its meter - we'll
be eager to see how the transition goes.

▪ Becton Dickinson: The Nano, the 4 mm x 32-gauge pen needle, remains the stalwart star of the
BD booth, with polo-shirt-clad representatives on hand to provide helpful overviews of BD's
advances in needle technology. These advances include the BD Insulin Syringe with Ultra-Fine 6
mm, 31 G needle (the company's smallest syringe ever) as well as the new PentaPoint five-beveled
needle technology; each desk at the booth featured copious (even by ADA standards) literature
detailing the various products. A particularly effective demo contrasted the company's former three-
beveled needles with the new PentaPoint technology. A machine simulated the force needed for both
the tip to penetrate the skin (penetration force) and the force needed for the rest of the needle to
move through the skin (drag force) - the results were then graphed on a nearby flat screen monitor.
While the penetration force of the PentaPoint was only somewhat less than its three-beveled
counterpart, the difference in drag force was striking, as PentaPoint quickly dropped to nearly
nothing while the three-beveled needle required a significant amount of drag force to remain in the
skin. The representatives drew our attention to the different area under the graphs as a visual
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representation of the total force needed and, by extension, the much milder patient experience of
using the PentaPoint. While BD's various products were very much on display, the booth also had a
sizeable area set aside for various lectures by nurse consultant Su Down and BD clinicians such as
Lori Berard, Michael Gibney, Dr. Larry Hirsch, and Rita Saltiel-Berzin. Most of the speakers were
due to give multiple talks at the booth over the course of ADA, for eleven lectures in total. In a final,
very nice touch, one of the presentation screens proudly announced that the BD exhibit had been
built with recycled materials and had designed to have as minimal an environmental impact as
possible - we were extremely impressed by this and believe that increasingly environmentally
focused attendees would have been as well.

▪ BI/Lilly: Across the walls of this large, circular, purple booth, BI/Eli Lilly promoted Tradjenta
(linagliptin) with their yellow weaver bird symbol and the message, "Focusing on what matters:
improving glycemic control in adult patients with type 2 diabetes." Sugar free vanilla lattes and chai
tea lattes offered at the booth generated significant interest, as did the booth's multiple interactive
displays. Sections marked by "Search and Discover" taglines featured iPads connected to large
monitors where scanning your badge allowed you to build a weaver bird nest. As you did this, a rep
explained how the various components of diabetes care (A1c, FPG/PPG, safety, dosing) make it
similar to building a complex bird's next and slides with data on Tradjenta's effects on each of these
components appeared, These slides particularly emphasized BI/Lilly's "experience dosing
simplicity," message, which refers to the fact that no Tradjenta dose adjustment is needed in
patients with renal impairment - we believe this point hasn't been fully appreciated by the medical
community, who probably won't know exactly when an average patient will present with renal issues
- so it won't necessarily know what to test for this and when it may otherwise need a dose change.
The interactive tic-tac-toe games on touch screen monitors initially seen at AACE were also present
in BI/Lilly's ADA booth. In these games, recorded doctors asked questions about DPP-4 inhibitors
Tradjenta, and Jentadueto as reps discussed correct answers. As always, this seemed to play well to
the competitive-ness often seen among HCPs, especially doctors. A small corner of the booth
featured historical lab equipment and a streaming video on Eli Lilly and BI's history, which
discussed the benefits of the companies' partnership.

▪ BMS/AZ: BMS/AZ's largely white and teal booth attracted visitors with its coffee and ample,
comfortable seating. Two large touch-screen monitors located on a large teal wall in the center of the
booth allowed visitors to race either the clock or each other in a game featuring questions on
diabetes care. A nearby rep narrated the race. Four different stations in this area featured two touch-
screen monitors that allowed visitors to browse through safety and efficacy data for Onglyza and
Kombiglyze XR (saxagliptin and metformin HCl extended-release) after scanning their badges. A
separate corner of the booth focused on educating visitors on insulin and non-insulin dependent
pathways in type 2 diabetes. Here, a large picture of a bridge leading to a kidney stood alongside a
description of the SGLT-1 and SGLT-2 receptors. Touch-screen monitors additionally asked visitors
what they thought about non-insulin dependent methods of treatment and the multiple systems and
pathways involved in hyperglycemia. This booth would have been busier, we think, had they been
allowed to market their SGLT-2 in the US by now - our eyes will be on this, as it has been
recommended for approval in the EU.

▪ Cellnovo: Making its second appearance at ADA, Cellnovo once again impressed with its elegant
and technology-packed booth. Located slightly towards the rear of the room, the spider-like design
brought to life their "Mobile Diabetes Management" slogan, emphasizing the company's desire to
integrate and enhance diabetes management and "spin a web" that spans many facets of diabetes
treatment (e.g., pumping, glucose monitoring, secure data management, etc.). The brightly colored
(we particularly liked the polka dot design!) and iPhone-like handheld management system were,
once again, the main features at this year's booth (see the March 7, 2011 Closer Look for a complete
description of the pump at http://bit.ly/KUrG4p). The user interface is replete with convenient bar
graphs depicting 24-hour basal profile, food intake, and other useful measures that help keep
patients informed and actively participating in their treatment. The friendly and knowledgeable
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booth representative we talked to indicated that Cellnovo hopes to submit approval to FDA later this
year in hopes of launching their product in the US in 2013. This integrated blood glucose monitor
will use LifeScan's OneTouch Verio test strips (contract already made) whereas we think those
distributed in the UK will continue to use OneTouch Vita strips.

◦ Ongoing usability trials are gathering information concerning efficacy and
quality of Cellnovo's pump before release in the EU (and, hopefully,
eventually the US): Concurrently with ATTD in February, Cellnovo launched "the
world's only mobile-connected diabetes management system" with the start of what is
reportedly the largest usability trial of pump technology in type 1 diabetes (100 adults and
children in the UK). This trial involves the company's original 150-unit pump, though a
180-unit device (in response to patient request) should also be available after launch.

◦ Cellnovo's plans to integrate CGM with its pump are still a priority. Although
the representative did not discuss the details of such integration extensively, we were told
that discussions with potential partners are taking place.

▪ Daiichi Sankyo: The primary focus of this booth was the promotion of Welchol (colesevelam).
Although informative handouts depicted a bowling ball annihilating both LDL-C and A1c bowling
pins, we were disappointed to see no interactive bowling alley this year - that was so fun last year!
Nevertheless, the booth was staffed by friendly representatives who were sure to direct you to their
in-house coffee stand, which had delicious coffee. The promotional materials were much the same as
those distributed at last year's ADA conference, highlighting the "Bays Pivotal Study" of colesevelam
therapy in patients with type 2 diabetes treated with metformin and the "Two goals, one therapy"
slogan. Notably, they did highlight Welchol's flexible dosing options: the drug can be taken in tablet
form or through the citrus flavor Welchol oral suspension powder (48mg phenylalanine per 3.75g
single dose packet) that can now be mixed with water, fruit juice, or even diet soft drinks. We are
happy to see that Daiichi Sankyo has worked to expand dosage options for patients. In addition, the
exhibit featured interactive screens which allowed guests to "build [their] own patient treatment
plan" in an effort to provide patients with a tangible "plan of action". The one we created
recommended specific ways in which Welchol and easy lifestyle adjustments could help us better
manage our health- cool! We hope that Daiichi Sankyo continues with this trend of responding to
patient needs, improving quality and efficacy of treatment.

▪ Dexcom: In contrast to many company's hanging banners, Dexcom had a large square column
rising from the exhibit floor, featuring the taglines "Shape the future" and "Stay ahead of the curve."
This was a new booth design for Dexcom compared to last year's EASD, AADE, and ADA booths and
there was no massive Seven Plus receiver in sight - presumably, this was due to the G4's new
receiver design and pending approval in the US and launch abroad this summer. The periphery of
Dexcom's booth was covered with pictures of people sleeping, exercising, and eating, overlaid with
CGM values and trend arrows. In the international section of the booth, the Dexcom G4 sensor and
receiver drew a lot of attention, though both were locked behind a plexi-glass display case with clear
"Not FDA approved" stickers (sigh…we continue to hear great things about the G4 from Europeans).
As a reminder, Dexcom submitted the G4 sensor to FDA at the end of 1Q12 and approval is expected
by the end of the year (see our report at http://bit.ly/KbAhyC). Reps were happy to discuss the
improved accuracy and future integration of the G4 sensor with the Animas Vibe insulin pump (the
timeline on this is unclear until Dexcom gets greater clarity from FDA; we expect an update in the
2Q12 earnings call toward the end of summer). Large touch-screen monitors in the booth also
allowed visitors to choose a course of action based on a particular blood glucose meter reading, then
consider how that would change if trend information was provided. Apart from the general benefits
of CGM, reps were keen to assert that the Dexcom Seven Plus is the most accurate meter on the US
market. Around the booth were additional pictures of people with diabetes doing various daily
activities, and quotes about how using the Dexcom sensor changed their lives by opening their eyes
to glucose patterns. One of these quotes applauded a doctor for giving a Dexcom sensor to the
patient for a few days, which a rep cleverly tied into Dexcom's partnership with Roche to market the
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Dexcom sensor to providers as a diagnostic tool. The booth's primary handout was a two-sided
brochure summarizing Dr. David Price's Day #1 oral presentation that included G4 data and factors
involved in CGM accuracy (see page two of our ADA 2012 Day #1 Device report at http://bit.ly/
LcVJCP). Across from the G4 display, the staff from SweetSpot Diabetes Care was on hand to show
their web-based software, though we regrettably did not have time to view it before the exhibit hall
closed for the day. From afar, we couldn't help but notice the dual 103-inch TVs ($100,000 each
new) playing movies of patients using their Dexcom CGM - a picture is worth a thousand words.

▪ Diasend: We had to search a bit within the nooks and crannies between exhibit giants Abbott and
Novo Nordisk to find Diasend's small but very cool booth. Two large screens were prominently
displayed, one linked to their newer, improved online portal and the other to an informational video.
Excitingly, they expect to launch a completely new website and portal by the end of 2012. This will
include many exciting features ranging from basic changes in data formatting to integrative CGM
and glucose monitoring software. The booth representative, when asked about new relationships
formed between Diasend and other companies, indicated that integration is near the top of
Diasend's priorities, but could not comment further on the nature of any pending contracts.
Nevertheless, it was evident throughout the meeting that Diasend's true priority is enhancing their
quality system to meet patient needs while maintaining simplicity.

▪ Insulet: Right next to Tandem, Insulet's circular booth continued the theme of "simplicity" -
prominent slogans we noticed included "You can make managing diabetes easier" and "It's about
being easier." Upon entering the booth, we made a beeline for the international desk, where an
Ypsomed rep in a green shirt answered our questions and showed us the second-generation
OmniPod. This marked the first time we've seen the new smaller pod in a US exhibit hall - we've
been saying we think the market under-appreciates how popular this will be, and seeing how small it
is in real-life reinforced our views. A sign on one side of the booth reviewed its advancements over
the current generation: 34% smaller, 25% lighter, 16% slimmer, but with the same 200-unit
capacity. Pretty big deal! As a reminder, Insulet recently received additional questions from the
FDA; approval of the new pod is expected in the coming months and management still plans to
convert the installed base before year-end (for more information, see Insulet 1Q12 at http://bit.ly/
LzsfAa). Many had hoped, of course, to see the smaller pod approved in the US by FDA - there was
one embedded carpet, in fact, in the middle of the ADA floor that urged people to go see the smaller
pod! (This carpet was possibly ordered before it was clear the US approval wouldn't come through -
no matter, since it is approved in the EU.) The rep we spoke to said launch of the second-gen pod
will occur this summer in European countries including the UK, Germany, Austria, and Switzerland.
We also asked about the enhancements in the new PDM (also summarized on a sign on one side of
the booth), which include an expanded communication range and use of correction and meal
boluses to calculate insulin on board (what the rep referred to as "similar to competitive devices" -
we're glad this has changed, since it's been a longtime request of some of the diabetic CDE and HCP
glitterati). A ring of tablets at elevated seats occupied the center of the booth, where booth-goers
could learn more about the OmniPod disposable pump. Attendees looking for freebies could get a
personalized poster entitled "Pump Therapy Mimics Normal Insulin Release." Demo pods were also
available for the taking, as were Ypsomed brochures advertising the second gen pod. The look and
feel of the Insulet booth was similar to recent booths we've seen, though there was no signage
concerning the Neighborhood Diabetes partnership like we've seen at other conferences - we were a
little surprised since we see this as a benefit that HCPs could discuss for patients (getting all their
supplies, insulin, CGM, etc. through one place). Upon exiting the booth and walking out of the
exhibit hall near the posters, we again walked over the latest innovation in exhibit hall advertising:
embedded Insulet OmniPod carpet declaring, "Now smaller and more discreet than ever."

▪ Intuity Medical: Possibly the hippest and most colorful exhibit in the hall, the kiosks and supports
of the Intuity booth featured a kaleidoscope of bright pastels against a white background. As in
previous conferences, the company name was hardly anywhere to be seen, with the branding solely
focused on the Pogo All-In-One glucose meter and its slogan: "press. test. GO." The booth again
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looked terrific, and different from a year earlier. Representatives seemed particularly eager to offer
demos of the product, taking us through the minimal steps needed to load the device and test blood
glucose. In keeping with its decidedly fun approach to getting the word out about their product,
Intuity was behind one of ADA's most novel giveaways: 3D Viewmasters featuring an image wheel
extolling the advantages of Pogo against a backdrop of Philadelphia landmarks like the Liberty Bell
and the Ben Franklin Bridge. Super smart.

▪ J&J Diabetes Institute: In a small section of the large LifeScan and Animas booth, the J&J
Diabetes Institute had a table of laptops set to display the institute's website. The page encouraged
providers to watch a video on the institute and sign up for free. An accompanying pamphlet
promoted the online community, the opportunity to learn from industry experts, and the chance to
take their practice from "management to mastery."

▪ J&J Janssen: With all their products still in development (or, in the case of the SGLT-2 inhibitor
canagliflozin, under regulatory review) and with only a single desk at J&J's massive exhibit to call
their own, Janssen's profile in the hall was relatively low. Representatives explaining they were there
to raise awareness not of their upcoming products but of type 2 diabetes in general. Wow! To this
end, Janssen was offering complimentary medical resources to aid healthcare professionals in their
education efforts. This mail giveaway included items such as the Oxford American Handbook of
Endocrinology and Diabetes and 12-month online and mobile access to the Johns Hopkins Diabetes
Guide.

▪ J&J LifeScan and Animas: LifeScan and Animas' massive blue-and-white boot featured large
video monitors showing the OneTouch Verio IQ and scrolling text about the advantages of pattern
management. Multiple panels around the booth promoted various aspects of the OneTouch Verio
IQ, asserting "it doesn't keep them in the dark" and "They need glucose variability insight. We give
them pattern alert technology." Around the central column were touch-screen monitors featuring
the tagline "Different patients, different needs" and three different patients to select from.
Depending on the choice, the monitors displayed information on how the OneTouch Ultra,
OneTouch Ping, or OneTouch Verio IQ could help that patient, including information on patient co-
pay programs. If health care professionals went through the OneTouch Verio IQ touch-screen
presentation with a rep, they could have their badges scanned and receive a sample meter. During
these presentations, reps promoted the pattern recognition technology, the ease of tagging readings
as pre- or post- meal, the backlight when a strip is inserted, and the $25 reduction in copay for the
OneTouch Gold test strips. We were very interested to hear about the development of an iPhone app
that will work with the Verio IQ meter (though the rep could not tell us much because of the app's
current 510(k) status). There was also a sense of excitement about the Animas Vibe, though reps
were quick to note that the device has not yet been submitted for FDA review. Also of note was a
seating section around a screen where five different speakers are giving talks on insulin delivery,
pattern management, CGM, and the artificial pancreas project over the three days of the exhibit hall.
A popular coffee and espresso stand, international section, and two small tables featuring the
OneTouch Ultra Mini and OneTouch Ping completed the booth.

▪ Lilly Diabetes: Lilly's advertising motto at ADA was "Personal Solutions for Everyday Life," and
their booth architecture reflected that: the exhibit was split into areas meant to look like different
areas in a home (we thought it felt more like an Ikea than an exhibitor booth - this was a big
improvement on previous years when they had patients "frozen" in time and a bit about each patient
to read). At the heart of the exhibit was a replica of a living room with comfortable and modern
couches and individual iPads providing information about Lilly's various products. Nearby was a
café/kitchen hybrid where every time we checked, there were at least twenty people waiting in line
for their choice from espressos and cappuccinos to hazelnut or chai tea lattes. We were glad to see
that there were sugar-free and low-fat options offered as well. Other 'rooms' in the exhibit included a
child's bedroom focused on Lilly's partnership with Disney and its related resources for children and
teens - this had the very cool MWD (monkey with diabetes) named Coco that we've written about
that has been such a major hit with patients and families - an outdoor patio area which included a
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grill that doubled as a touch-screen display with some fantastic learning, a kitchen dedicated to
Humalog, a table with yarn featuring information about Tradjenta, and a grade-school classroom
that included information about Lilly's camps, insulin pens, and other products. Throughout the
exhibit were stations allowing visitors to create their own 'customized patient resource,' which is a
printout including information regarding nutrition, insulin physiology, diabetic complications, and
more. This was extremely cool - we were excited to have a go at making these, and we'll report back
on whether seeing daily information on exercise works to help motivate us. We were particularly
excited by a display featuring Lilly's clinical development pipeline, as we haven't seen this
highlighted in a Lilly booth before. The pipeline listed Lilly's 11ß-HSD1 inhibitor (LY2523199), its
transforming growth factor ß1 monoclonal antibody (LY2382720) for the treatment of diabetic
nephropathy, its glucagon receptor antagonist (LY2409021), its mineralocorticoid receptor agonist
(LY2623091) for the treatment of renal disease associated with diabetes as in phase 2 trials, and
listed dulaglutide (LY2189265), empagliflozin (BI10773), a new insulin glargine product
(LY2963046), and a novel basal insulin analog (LY260554) all in phase 3 trials - we felt this did a
great deal to reinforce the power of Lilly's (some combined with BI's) pipeline.

▪ Medtronic: Medtronic's bustling booth in the corner of the exhibit hall featured a very professional
look with counter stations devoted to insulin pumps, CGM (personal and professional), and
international (where a lot of the focus were next-gen products). A major focus was on the
Medtronic/Bayer blood glucose meter partnership. A sign entitled "Optimized insulin delivery made
easy" displayed the recently FDA-approved Bayer Contour Next Link (Bayer's Contour USB meter
that links to a Medtronic pump; see the April 18, 2012 Closer Look). We learned at the booth that
the Contour Next Link can function as the CareLink USB thumb drive for uploading pump and CGM
data - this seems like a big win and we'll be eager to see how overall reception is (this will be guided,
we're sure, by formulary availability, which had been extremely good with J&J strips). The sign
declared the product was "Coming soon!", though the reps did not have one on hand. As far as
launch timelines, we understand it will be "quite soon." The Bayer Contour Link, however, was all
over the booth, prominently placed next to every demo pump. The booth's centerpiece was the
Medtronic mySentry remote monitor, housed in a makeshift living room complete with a window
looking out onto a starry night. Reimbursement is a challenge with the device, though a couple small
payers have established coverage policies for it and the product has received some impressive
feedback from major patient influencers. To help patients and providers, Medtronic has a
reimbursement toolkit posted on its website. The rep we talked to estimated around 1,000 mySentry
users at this point. Much like CGM, we expect reimbursement for mySentry will likely move from its
current case-by-case basis to broader coverage policies over time. We note that Medtronic has a
poster on mySentry (914-P) at this year's ADA that documents improved nocturnal glycemic control
in a small study of families using the system. The early data look encouraging and we look forward
to learning more as the system becomes more widely commercialized and studied. We did not notice
any freebies in the booth, though walking out, we couldn't help but see a massive advertisement for
the iPro2 professional CGM ("Better outcomes, simplified"). We believe use of the iPro2 will also
continue to grow impressively - for patients, this is a way of "testing" their HCP decisions and
recommendations on therapy and we look forward to discussing this in our patient newsletter
diaTribe. Just once or twice a year use could really show type 2 patients in particular if their current
therapy is on track.

▪ Merck: Merck's booth promoted the ease of individualizing therapy using Januvia and its "cousins"
(Januvia, Janumet (combination sitagliptin and metformin HCl), Janumet XR (combination
sitagliptin and metformin extended release) and Juvisync (combination sitagliptin and simvastatin).
Large panels around the booth featured a patient like "Jim, the foreman," along with his clinical
measurements, on their outward facing surface, and an appropriate treatment and its benefits (such
as Januvia's "powerful efficacy" Juvisync's CV risk reduction benefits, and Janumet XR's once-daily
dosing) on their inward facing surface. Reps at the booth pointed to Januvia as the number one
prescribed oral therapy in combination with metformin, and highlighted the flexibility the multiple
combinations with sitagliptin provide. In addition to its relatively simpler coffee and espresso bar,
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Merck's booth also featured a popular email station. Fascinatingly, Merck had a food truck outside
the conference center as part of their Diabetes Restaurant Month, which featured healthy sandwich,
salad, and snack options (along with a full nutritional profile). We liked their efforts to provide
diabetes-friendly, healthy meals and being from San Francisco, we were impressed with the hipness
of the attention to the food truck although would have liked if the food had an additional non-
traditional offerings like other food trucks we frequent.

▪ NeuroMetrix: NeuroMetrix stepped up its display considerably from AACE here two weeks ago
with a sizeable booth and a rotating banner hanging from the ceiling, making their booth easy to
spot from a distance. We were particularly excited to get our hands on the Sensus, NeuroMetrix's
non-invasive nerve stimulation device for providing 'relief from chronic pain caused by diabetic
neuropathy' that is 'mobile and easy-to-use' - 'easy-to-use' being an ongoing theme here at the
exhibition floor! On display were a number of Sensus devices as well as the lower half of a
mannequin with the device - which consists of a durable stimulator and a single-use electrode - that
wraps around the calf. The Sensus operates with a single button that incrementally increases relief
as needed, was surprisingly light, and boasted a two-week battery life (assuming 60 minutes of use
per day). A rep was excited to share the story of a woman who felt that with the device, she had the
confidence to walk outside, free of pain despite her diabetic neuropathy. As we understand it,
NeuroMetrix still plans to launch the Sensus by the end of 2012, consistent with the timeline in its
April announcement of FDA submission. For the NC-Stat DPN Check, the company's device used for
quantitatively diagnosing sural nerve conduction as a measure of diabetic nephropathy,
NeuroMetrix offered their usual demonstration of a woman sitting on a medical examination table
showing its use. We like the potential of NeuroMetrix's products to "bend the curve" and stem or
reduce complications and believe the company will get some very good visibility here - we urge
attendees to visit if they do not know about the company, which has previously had a fairly low
profile.

▪ Novartis: Located near the very back of the exhibit hall, Novartis' attractive white booth was
modest and discreet. A relatively small interior featured a few comfortable white chairs and low
white tables at which visitors could drink the plain coffee being given away. Consistent with the fact
that Novartis' Galvus (vildagliptin) is not approved in the United States, no diabetes compound was
featured at the booth. Rather, as a representative explained to us, the booth functioned as an
"educational center." Seven large, interactive screens on hepatic steatosis, incretin therapies, and the
epidemiology of type 2 diabetes offered information, quizzes, and other short educational games for
passersby. We remain disappointed that Galvus was never approved in the US, although we note
that the therapy is doing well internationally. The fact that Galvus has been as successful as it has
internationally - nearly $700 million in revenue in 2011 - suggests that whatever safety concerns
FDA had with Galvus were overstated. It's too bad that this prevented approval in the US, since this
has resulted in fewer dollars going back to R&D - bad news for patients.

▪ Novo Nordisk: The second main entrance to the exhibit hall was dominated by Novo Nordisk's
enormous, modern-looking display that attracted a plentitude of visitors (we could barely find a
place to sit!). The booth's US and international halves were separated by a towering two-story
structure in which people could question medical information representatives about Novo Nordisk's
products (top floor) or register for the annual ADA 5K run (first floor) - this was happening Sunday
morning and a number from our team participated! Just outside the 5K run section snaked two
separate line of visitors who were waiting to get their A1c checked or for a variety of freshly brewed
caffeinated beverages. Both the US and international portions of the booth were about evenly split
into areas dedicated to Victoza and the company's insulin portfolio. With numerous brightly lit
displays featuring the slogans "The data have grown. Take a look!" and "New Data in the label. Come
over to learn what everyone is talking about", the Victoza sales representatives were eager to use
their large touch screen monitors to discuss Victoza's recent label expansions, i.e., superior glycemic
control vs. Januvia and approved use of Victoza with basal insulin therapy - we thought this was a
very smart strategy to draw people in. On the insulin side of the booth, other displays displayed the
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slogans "A premix insulin with few severe lows" and "NovoLog, no other rapid acting insulin is part
of so many lives". Here, sales representatives highlighted that Levemir was the first fast acting
insulin analog to receive a pregnancy Category B classification from the FDA - it also was recently
approved for kids. Again this year, we were glad to see Novo Nordisk pledge to donate $10 to the
ADA Research Foundation for each visitor badge scanned. A satellite booth elsewhere in the exhibit
hall featured Novo Nordisk's DM initiative, which encourages health care providers to recognize2

the dynamic nature of diabetes and incorporate individual therapy into their practice. This smaller
booth offered interactive educational games we've seen before at Novo Nordisk, but instead of a
monetary donation, Novo Nordisk offered free customizable diabetes wall charts featuring
information about diabetes management, complications, nutrition, and risk factors.

▪ Perrigo: The very helpful staff at Perrigo's small booth kindly demonstrated their glucose
monitoring meters and strips powered by ONsync. Known for their line of store brand diabetes
products that provide comprehensive, quality, and affordable healthcare to the growing diabetes
community, Perrigo is the world's largest manufacturer of OTC pharmaceutical products for the
store brand market. The company offers two glucose meters, a standard ($8.00-$10.00) and a
premium ($15 co-pay with insurance). In addition, 50 ONsync store brand test strips are sold for
$20.00, an attractive price compared to brand strips that range from $50-$60 for the same amount.
When asked about popularity and patient satisfaction associated with the store brand devices,
representatives expressed that they have a 93% "stick" rate (93 of every 100 patients using the device
continue to use it). They also reported that patient satisfaction with the devices and other products
(glucose tablets, liquid blasts, pen needles, just to name a few). Given Perrigo's attention to detail
when it comes to ensuring patient satisfaction (for example, making insulin pump tubes a more
discrete color to blend in with all types of clothing!), we do not find this difficult to believe. For the
15% of diabetes patients who are not insured, store brand products offered by Perrigo provide great
therapy options.

▪ Reata: Reata adopted an intentionally minimalist high-tech approach to its moderately sized
exhibit, with no handouts to share or news to highlight. We must admit it was something of a relief
to get a brief respite from the constant onrush of information at other exhibits. Curious guests
learned that the many TVs built into the booth's supports and main tables, which defaulted to read
simply "Reata Pharmaceuticals: Scientific Affairs," were actually interactive touchscreens that could
display posters and presentations. In lieu of a slogan, the booth was emblazoned with BEACON, the
name of the ongoing phase 3 study of bardoxolone methyl - Reata's potentially disease-modifying
therapy for chronic kidney disease. We were informed this outcomes-driven study has recruited
roughly 1,800 patients toward the goal of 2,000; most centers have already finished enrolling, and
the remaining ones (recruiting specifically for sub-studies within BEACON) appear on track to reach
capacity within a month or so. This was fantastic news - it's one of the most widely awaited long-
term trials ongoing and represents one of the few opportunities to truly change the course of
complications. Abbott has already invested in the company and has major commercial rights outside
the US.

▪ Roche: Each of Roche's kiosks took on a different subject area - e.g., one focusing on insulin
delivery, another on glucose monitoring - the demos also showed how different Accu-Chek products
together work together in diabetes management. For instance, we saw a demo of how the Accu-Chek
FastClix lancing device and the recently launched Accu-Chek Nano Smart View glucose meter are
used in tandem to measure blood sugar. Indeed, the demos all filtered discussions of the technology
through the prism of patients actually using it, as when a rep noted that the Nano's backlit meter
would make things much easier for a patient who wakes up in the middle of the night potentially in
hypoglycemia and needs to check her blood sugar without worrying about finding the light switch.
The focus on patient experience extended to a kiosk on the STeP study of structured glucose testing,
and it also took less serious but still important forms, such as the wide range of colorful cases on
display alongside the Accu-Chek products. (As one rep put it to us, just because a person has
diabetes doesn't mean they want all their equipment to be black.) We also picked up some fliers

www.closeconcerns.com 356



promoting Roche's partnership to sell Dexcom CGM to physicians' offices, but this was not a major
point of emphasis. The booth itself was an aesthetic treat reminiscent of previous Roche designs,
with a pair of arches supporting a swooping top beam to create a sort of open-air tunnel through the
booth that evoked something out of retro science fiction. Patient testimonials were placed on the
arches themselves, so that as visitors walked under them they were surrounded by stories of
successful A1c reduction and management. The additional support beams were shaped like people
with their arms outstretched in an exuberant pose, a touch that wasn't immediately obvious as we
walked through, but one that subtly added to the overall booth experience. We liked some of the
HCP education, such as USB giveaways for impressive KOLs discussing the STeP study.

▪ Sanofi: Sanofi's massive and architecturally impressive booth was strategically located at the most-
used of the four entrances to the exhibit hall. The highlight of the booth was the 3D iBGStar theatre
at the center in which about thirty visitors donned pairs of 3D glasses and watched a very cool three-
minute film demonstrating how far blood glucose monitoring has come, and how iBGStar integrates
that with mobile technology. The film ends with a patient putting her blood glucose monitor on the
table where she's eating dinner, and it looks like a phone - Sanofi has stressed making lives more
"normal" and this definitely resonated. Viewers also received a replica of the iBGStar device that
functions as a USB weblink to the iBGStar website when plugged into a computer. Outside the
theatre were a number of huge LCD screens offering product information and a series of 'augmented
reality' games, where a motion-capturing camera immerses the player in games like 'Carb Challenge'
(encouraging healthy food choices) and 'Volleyball Drill' (meant to emphasize the importance of
regular exercise). The interactive educational games Sanofi has offered at previous conferences were
available as well. Visitors could also pick up free low-fat blueberry lime smoothies by its medical
information booth. Six-foot-tall Apidra and Lantus SoloSTAR pens marked out areas promoting
these products. Sanofi's booth was quite popular, and the fact that ADA attendees who wanted a free
abstract USB (free electronic access to Sanofi posters was also given) had to wait in a line going
through the Sanofi exhibit gave Sanofi even more visitor attention and visibility.

▪ Santarus: Returning for it's second year at ADA, Santarus' elegant booth once again showcased
both Cycloset (bromocriptine mesylate tablets) and Glumetza (extended-release metformin).
Interactive screens, knowledgeable representatives, and an abundance of pamphlets made learning
about these treatment enhancement options enjoyable and worthwhile. As representatives
emphasized, both drugs are meant to supplement and enhance the patient's current therapy
regimen. Cycloset's favorable cardiovascular risk profile and Glumetza's low rates of nausea make
them attractive treatment options. Santarus seems to have a knack for recognizing key areas in
diabetes treatment where small improvements can go a long way.

▪ Tandem Diabetes Care: As expected, Tandem's classy, wood-floored booth was all about the
newly approved t:slim insulin pump - on posters, in glass cases, pictured in brochures, and being
carried around by a multitude of black-shirted reps (for our take on the t:slim approval and
experience with the device, please see our November 2011 reports at
http://www.closeconcerns.com/knowledgebase/r/9241d83c and http://bit.ly/Afpuxs). Notably,
Tandem will be taking orders for the t:slim starting on June 11, and the first pumps will ship in
August. Our trip to the booth brought news we had not heard before: new t:slim pumps will ship
with the LifeScan OneTouch Verio IQ blood glucose meter - also a plus for patients, since LifeScan
has such favorable formulary coverage and we believe this meter will appeal to other "early
adopters" (to read our diaTribe review of the Verio, visit http://www.diatribe.us/issues/41/test-
drive.php). As a reminder, Tandem also has a partnership with Dexcom to integrate the Gen 5
sensor into the t:slim. Aside from the t:slim itself, we had the chance to play around with t:connect,
Tandem's web-based software for viewing insulin delivery and blood glucose data. The system is not
yet FDA approved, though the company expects to submit a 510(k) application to the FDA shortly.
The t:connect software had a clean, organized design and what looked like fairly standard insulin
and blood glucose reports. Front and center was big, brightly colored font on the home dashboard
that displayed highest blood glucose (orange), average blood glucose (green), and lowest blood
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glucose (red). We were also able to download the pump (micro-USB) in a snappy 12 seconds - this
seemed faster than other pumps we've downloaded in the past. Dotted around the booth were
infusion set displays, which included the t:set (90-degree soft cannula manual insertion; the flattest
profile set according to the rep we spoke to), the Cleo 90 (90-degree soft cannula with integrated
insertion), the comfort set (angled soft cannula), and the contact Detach set (90-degree steel). The
booth's only giveaway was a thin, single-fold black brochure on the t:slim ("Touch Simplicity") -
colored icons denoted the pump's features (color touch screen, 300-unit cartridge, micro-delivery
technology, rechargeable battery, USB connectivity, t:connect) and longer explanatory text fell under
sections entitled "Simple," "Smart," "Sleek," "Green," "Fast."

▪ Telcare: Telcare's representatives were excited to demonstrate the workings of the company's blood
glucose meter, unique for its 3G cellular connectivity. The representative emphasized that because
blood glucose data is automatically uploaded to 'the cloud' after testing, information is automatically
backed up to a server, whereas it can be lost if not manually uploaded using other mobile glucose
monitoring devices. Telcare has indicated plans to develop a new meter this year that contains
several hardware changes (e.g., automatic sleep schedule if not in use), a process that hinges in part
on the FDA review process. However, the representative noted that iPhone and website software
interface changes would be easier to implement. We continue to believe that payers will be very
interested in Telcare's offering because it gives them a much better sense for their patients' diabetes
management success and whether they are using the strips and as such, whether the testing
frequency recommended is being followed.

▪ Valeritas: With its insulin disposable delivery device V-Go on the market as of early this year (it's
launched, as of April!), and having acquired over $100 million in financing last fall, Valeritas carried
its momentum into ADA with what was pound-for-pound one of the hall's most impressive exhibits.
Though taking up only a single small booth space off the main thoroughfare, the Valeritas exhibit
had all the style and polished professionalism one would normally expect from one of the much
larger booths. You can tell that much of its management team launched Lantus! While most of their
neighbors simply used the provided curtain as their backdrop, Valeritas had an impressive rear
display featuring two large V-Go posters, each with its own slogan: "Go Physiologic" (a very good
message since so many patients who should be on insulin aren't or who should be on prandial
insulin are only on basal) and "Go Simple." The V-Go devices were front and center in a big display
case, and the three or four Valeritas representatives appeared to be constantly busy answering
questions and demoing the product. The V-Go itself is a small, sleek device intended to provide
basal-bolus insulin therapy with once-daily application to people with type 2 diabetes. Valeritas has
positioned its product for people who could benefit from insulin but find other possible delivery
mechanisms either too complex or too embarrassing to use - reps reinforced that V-Go is specifically
designed to be both simple to use and discreet, which tallied with what we saw in the demo. Indeed,
a Valeritas representative called V-Go a "middle-of-the-road" option, primarily intended not for
people who require very high regular doses of insulin, but rather lower-risk patients who could
derive currently untapped benefits from insulin therapy. There are certainly many of these.

◦ This was our first up-close look at the EZ Fill, the point-of-care filling
accessory that Valeritas first publicized last March. The EZ Fill is an ergonomic
handheld piece of plastic into which an insulin vial can be inserted and the V-Go can be
nestled. Filling the pump is then a matter of just priming the EZ Fill's plunger (which takes
about 5 seconds), slowly depressing it (over about 25 seconds), and watching the V-Go fill
with insulin through the device's viewing window. We think the large-scale, simplified
form factor is a good one - especially for older patients or those with limited dexterity -
though it comes at the tradeoff of a slightly bigger piece of equipment than commonly used
in diabetes management.

◦ As a reminder, the V-Go is available with reservoir sizes of 56, 66, or 76 units,
which provide basal delivery of 20, 30, or 40 units over a 24-hour period
along with up to 18 two-unit boluses each day. Since the basal and bolus doses
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come from the same reservoir, unused bolus insulin is simply used to extend the life of the
basal delivery - potentially giving patients some wiggle room around the 24-hour mark.
The simplified device does not include any alerts or alarms for when 24 hours is up, but
patients can check on their reservoir through the V-Go's viewing window.

Social Media at Scientific Sessions

Social media has evolved as a communication tool to the point where it's no longer discussed only by a few
in Marketing but is casually mentioned alongside ehealth, mhealth, and the telephone as opportunities for
remote support for patients. In addition to potential applications in health care delivery for patients and
provider-to-provider interactions, it's become a valuable asset to health care organizations of all sizes to
communicate with their audiences. With more of the diabetes organizations implementing social media
strategies, we thought we'd share a quick look at some of what they're up to online. You can follow the social
media conversation by companies and attendees alike on Twitter - just search using the hashtag #ADA2012
- look for our updates from @diaTribenews.

▪ American Diabetes Association: ADA has stepped up their online coverage this year, with
interactive tweets from their @AmDiabetesAssn and @ADA_DiabetesPro accounts, and breaking
news videos and content shared on their Facebook page. With so many employees staffing the
Sessions from every angle, the icing on the cake would be for ADA to encourage staff to tweet to the
hashtag or submit behind the scenes content and help facilitate the hashtag.

▪ Lilly: Despite having hosted an extremely successful first diabetes blogger summit (like Roche and
Medtronic have done in prior years) earlier in the year, it seems that Lilly is using social media more
as a basic PR tool at this point. That being said, the Sessions are an ultimate PR opportunity - so
we're surprised they didn't use their Twitter feed and their blog to start or host a
conversation…something they did at #ASCO12 last week, but hasn't translated to their diabetes
team. Perhaps they will do this later in the meeting, as more data emerges - they certainly have a lot
in their pipeline to discuss!

▪ Medtronic: Medtronic's steady adoption of social media has been great to watch - they had an
online chat last week and every diabetes social media maven we know was on this call with JDRF's
Aaron Kowalski, to discuss the new JDRF/Helmsley Charitable Trust grant. They've even built social
media into their exhibit hall booth, where you can check out their Twitter feed and searches to help
with customer service issues on a large screen. They're also showing off their engaging Facebook
page, which is filled with patient stories and pictures, plus fairly real-time interaction with
customers. Their Twitter presence at the Sessions isn't as busy (but could be - patient advocates
mentioned they'd love to follow Dr. Kaufman through the Sessions via Twitter), but their increased
dedication to customer service through other social media channels is notable. They're responsive to
tweets and have lately developed a custom form on their Facebook that enables patients to submit
queries and questions via the web. (We know - we've used it!)

▪ Novo Nordisk: While historically they have pushed the envelope (remember Charlie Kimball's first
branded pharmaceutical tweets & account, @racewithinsulin) on Twitter, overall Novo Nordisk
seems to be more slowly engaging the social media arena. From a few sporadic tweets from
@NovoNordiskUS, we know they're here in Philadelphia, and listening, but they have a big future
opportunity to connect with the thousands of patients, providers, and industry members and catch
their attention.

▪ Roche: Roche gets major kudos for embracing social media early and by pulling together many
patient advocates on this front. They've partnered with/hired Kelly Kunik to be their "Special Guest
Social Media Correspondent" for Scientific Sessions. She's tweeting from @accuchek_us with tweets
marked at the end with "k2". (You can read her blog post about it here.) We give them an A for
trying it out, although the mix of informal k2 tweets that aren't always in context, together with pre-
scheduled, un-related tweets throughout the day, makes for a mixed message - lots to learn still on
this front, but Roche is doing more than most. We hope this experiment will give them the courage
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to have their usual team live-tweet events and bring the conversation and interaction to their brand
in an even more significant way, especially given their leadership in engaging social media and
blogger experts to date.

▪ Sanofi: Sanofi's Twitter presence is ahead of many others, with a mix of sharing of other attendees'
content mixed with a few PR tweets and some insights to the Sessions overall. Notably, the head of
US Diabetes, Dennis Urbaniak, tweets, and has thousands of followers! He is a great example. Their
blog (like Medtronic's) has had strong content in the past, but is silent during the Sessions to date -
perhaps an opportunity to tell their story live and educate patients about what's happening in
Philadelphia will arise! Here's hoping for some recap posts, even if it's curated content, on the blog
at a later date! (Bonus: it's not social media, but on the interactive front, their booth with the
augmented reality game and 3D movie experience are well worth experiencing in the exhibit hall).

▪ Tandem: A new pump on the market - and an energetic social media presence to match. Tandem's
Twitter feed seems to match the enthusiasm we saw from visitors to their booth today. They're busy
live-tweeting their product demos, responding to questions, and sharing relevant content. This was
especially true at the Product Theatre, where they were especially responsive. Even better - their
personality extends to their Facebook page, where they're busy updating fans about the booth and
their presence. They've also cleverly created a photo album of the T:slim out and about in
Philadelphia. Points for their activity on both Facebook and Twitter for engagement, personality,
and creativity.

-- by Adam Brown, Eric Chang, Cati Crawford, Hannah Deming, Jessica Dong, Ben Kozak, Kira Maker,
Lisa Rotenstein, Kyle Rudolph, Joseph Shivers, Mark Sorrentino, Tony Thaweethai, Josh Tennefoss, Katrina
Verbrugge, Nick Wilkie, Alasdair Wilkins, Vincent Wu, Mark Yarchoan, David Zhang, and John and Kelly
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