DTM 2016 (Diabetes Technology Meeting)
November 10-12; Bethesda, MD; Full Report - Draft
Executive Highlights
Hello from Bethesda, where our team attended the 16th annual Diabetes Technology Meeting. Kelly still
remembers the very first one of these! Highlights from this fantastic meeting included the latest in CGM
(most notably Dexcom's compelling G6 and Verily updates); views on the future of the artificial pancreas;
and the latest in software and apps (Glooko, Tidepool, and more). Read on for our full impressions from the
meeting.
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Detailed Discussion and Commentary
Long-Term Implantable Glucose Sensors
PRECISE II PIVOTAL TRIAL: 90 DAY SUBCUTANEOUSLY IMPLANTED GLUCOSE SENSOR
Mark Christiansen, MD ( Diablo Clinical Research, Walnut Creek, CA)
Diablo Clinical Research's Dr. Mark Christiansen presented detailed data from the 90-day US pivotal trial
(PRECISE II; n=90) of Senseonics' implantable Eversense CGM. During the 2Q16 financial update,
Senseonics said that the sensor performed with an overall MARD of 8.8% vs. YSI in the study - a marked
improvement over the 11.6% in the 180-day EU PRECISE trial, thanks to some algorithmic tweaking. Dr.
Christiansen presented more granular accuracy data today: Mean average deviation below 80 mg/dl was
9.6 mg/dl - we'd like to see this broken down even further, given that MARD was 22% in the <70 mg/dl
range in the original PRECISE study. In the ≥80 mg/dl range, MARD was an impressive 8.2%. The sensor
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reported just 7% missed alarms (compare to 17% in PRECISE) and 14% false alarms (compare to 25% in
PRECISE) at the hypoglycemic threshold (<70 mg/dl). Performance in the hyperglycemic range (>180 mg/
dl) was very strong, with only 4% missed alarms and 6% false alarms. We have previously expressed
concerns about the size of the external transmitter, but patients displayed a median wear time of 23.4 hours
per day, seemingly taking it off only to charge once every day. This could simply be a manifestation of the
"clinical trial effect," or an indication that the external hardware isn't too cumbersome (or both). 94% of
sensors successfully reported continuous glucose data over the 90-day period (a 6% improvement over the
PRECISE data presented at last year's DTM), and a post-study evaluation suggested that 73% would've
lasted through 180 days of wear. We wonder if this analysis could supplement the case for a 180-day claim
in Europe, which was filed in 2Q16. From a safety perspective, there were 14 adverse events in seven
subjects, pretty low considering ~200,000 hours of total sensor wear time. One of the adverse events was
serious, due to a sensor that was implanted too deep. Dr. Christiansen, however, quelled worries about
implantation: "I'm an endocrinologist. I don't like to do stuff with my hands, but I found this device very
easy to insert and remove."
▪

Eversense is the first CGM with a MARD below 9%, performing on par with Dexcom's
G5 and with higher accuracy than Libre Pro and Medtronic's Enlite 3. See the labeled
accuracy in the picture below for comparisons, though of course, it's hard to compare
separate studies head-to-head. For what it's worth, G5 and Eversense are identical in every
single accuracy bin, though Eversense bests G5 in overall MARD by a smidgeon 0.2%, and with
nearly eight times the number of data points (90 day study). In a retrospective analysis, Senseonics
showed overall MARD to be 9.5% when just one calibration was considered per day instead of two,
which keeps Eversense well within competitive plans from Medtronic and Dexcom (though behind
Abbott's factory calibrated Libre). On the 3Q16 call, Mr. Goodnow commented that initial in vivo
testing of a second-gen sensor, which aims to eliminate fingerstick calibration, is "very
encouraging," and further studies will commence in 1Q17.

▪

Senseonics announced FDA PMA submission for Eversense in October, and, assuming
a 12-month review (previous guidance), could launch in the US late 2017. Notably, the
company plans to talk with FDA about an insulin dosing claim during review, given the low MARD.
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Eversense is already available through controlled launches in about a dozen clinics in Sweden,
Norway, and Germany, with launches in the Netherlands and Italy expected by the end of 2016.
TINY SENSOR, GREAT BIG WORLD
William McMillan (Profusa, South San Francisco, CA)
Profusa was the most exciting early-stage implantable sensor startup we saw today. The company's micro
hydrogel sensor is extremely tiny (500 microns in diameter x 5 mm long), flexible, tissue integrating
(capillaries can grow into it), lasts over two years, and can sense multiple analytes (oxygen, glucose,
lactate, and more) - watch a video here. A first-in-human glucose sensing trial is expected to start in
early 2017, and Profusa's oxygen sensor (Lumee) received a CE Mark in 3Q16. CEO William McMillan
shared plans to secure a CE Mark for glucose sensing in type 2 diabetes and prediabetes in 2018, followed
by an expected launch in the top three EU countries later that year. A type 1 diabetes trial is also expected to
start in 2018. The tiny sensor is injected under the skin (hypodermic needle) and uses a fluorescence sensing
chemistry (calibration details not clear). An on-body patch is worn on the skin that illuminates the sensor,
collects data from it, and relays the information to the phone. The company ultimately hopes to have a
flexible, thin-film, Bluetooth-enabled disposable patch and/or use a smartphone reader for intermittent
sensing (i.e., like Abbott's LibreLink). The sensor itself is remarkably tiny (see picture below), and the ability
to sense multiple analytes gives it a variety of other applications: peripheral artery disease, stroke, tumors,
oxygen monitoring during exercise, organ status, microbiome, asthma, chemotherapy, etc. Profusa was
incorporated in 2009 (incubated at University of Washington and UCSF), has received $22 million in
DARPA and NIH grants (including a "transformative research award" from NIH and lots of military
interest), and raised a $13 million B-round of financing in 2015. The team is now 29 people. Though its
glucose sensor still has a long way to go, we think this is a company to watch in the implantable CGM area.
See pictures below or on the company's website here. We first met with them years ago - they have been at
this a long time and have grown significantly.
WHAT DO CLINICIANS WANT IN AN IMPLANTABLE CGM?
Jessica Castle, MD (Oregon Health & Science University, Portland, OR)
OHSU's Dr. Jessica Castle shared 11 things that patients (and thereby clinicians) want to see in an
implantable CGM, in her view:
▪

Covered by insurance (#1!);

▪

Minimally invasive and long wear time;

▪

Integrated with existing devices (phones, watches);

▪

Excellent accuracy (MARD <10%);

▪

Little or no calibration requirements;

▪

No interfering substances;

▪

No compression artifact;

▪

Insulin automation (this is a very big one);

▪

Inconspicuous;

▪

Safe and comfortable (no rashes); and

▪

Accessible data (on the web; with insulin).

Dr. Castle's wish list highlighted one of the biggest challenges for any CGM company: accuracy is just one
piece of making a great sensor. In our view, form factor and cost will drive this field in the future,
particularly as it expands beyond early adopters. We were not surprised to see her list insurance coverage
first, and to note that more expensive devices must bring superior outcomes. Her second item - a device's
procedure and invasiveness - shared a key insight for implantable CGM companies: "I haven't held a scalpel
in 15 years, and I don't think I want to start now. Frequency is key. I see patients every 3-6 months. Ideally,
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we want a device that lasts a year." It was a good point for more invasive procedures like GlySens, or for
shorter-lasting devices like Senseonics' Eversense - will endocrinologists have the bandwidth to support
these technologies? Extra reimbursement "procedure codes" will of course help with some. On accuracy, Dr.
Castle advocated for a MARD <10% with no egregious errors (>50% away from reference) and preferably
almost all values within 15% of reference. She urged CGM companies to integrate with insulin data
("critical") and to make data easily accessible on the web.
What do patients (and clinicians) want in an implantable CGM?
1. Covered by insurance. "Insurance coverage will drive access. How does cost compare to current
CGM devices? More expensive devices must be superior."
2. Minimally invasive and long wear time. Ideally lasting one year. Does the procedure require a
scalpel and training? Does the implant have to be removed, and if so, can it be re-implanted in the same
location? "You have to consider where infusion sets will be too."
3. High usability with integration. What external devices are needed? Ideally an implantable CGM
will be integrated with existing devices (smartphones, watches) and avoid second on-body components.
How good is the telemetry (distance, interference)?
4. Excellent accuracy that is at least comparable to current CGM devices with a MARD <10%. No
egregious errors (more than 50% away from reference), and preferably, almost all values within 15% of
reference. Accurate across glucose ranges (hypoglycemia, euglycemia, hyperglycemia), appropriate alarms,
and no false alarms. "It's very troubling if you're missing hypoglycemia, and it's very annoying to be
alarmed in the middle of night when you're not actually in hypoglycemia." Minimal delay approaching
physiologic delay.
5. Minimal calibration or factory calibration.
6. No interference with acetaminophen, high dose vitamin C, etc. "People on average probably
take acetaminophen at least once a month. We are also managing patients with CKD and want to use this
across the whole breadth of different patients."
7. No compression artifact (i.e., false lows from pressure placed on the sensor while sleeping).
8. Insulin automation. "A pump with open loop is going to be a thing of the past very soon."
9. Inconspicuous and not readily visible to others.
10. Safe and comfortable, without significant adverse effects (adhesive rash, infection, scarring).
11. Data that is easily accessible on the web for both providers and patients. Good pattern
recognition and a sharing function that allows real-time data and alarms to be shared with others.
"Integration with insulin data is critical. If I'm reviewing someone's data and they have nocturnal
hypoglycemia, I need to know why that is: too much basal overnight, bolusing for snack at bedtime, or
something else? Unless I have access to the insulin data, I cannot tell."
TISSUE-INTEGRATING SENSORS
Natalie Wisniewski, PhD (Profusa, South San Francisco, CA)
Profusa was the most exciting early-stage implantable sensor startup we saw today. The well-funded South
San Francisco-based company's micro hydrogel sensor is extremely tiny (500 microns in diameter x 5 mm
long), flexible, tissue integrating (capillaries can grow into it), lasts over two years, has low cost of goods,
and can sense multiple analytes (oxygen, glucose, lactate, pH, CO2, creatinine, sodium, potassium, etc.) -
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watch a video here. A first-in-human glucose sensing trial is expected to start in early 2017, and Profusa's
oxygen sensor (Lumee) received a CE Mark in 3Q16. CEO William McMillan shared plans to secure a CE
Mark for glucose sensing in type 2 diabetes and prediabetes in 2018, followed by an expected launch in the
top three EU countries later that year. A type 1 diabetes trial is also expected to start in 2018. The tiny
sensor is injected under the skin (hypodermic needle) and uses a fluorescence sensing chemistry (calibration
details not clear). An on-body patch is worn on the skin that illuminates the sensor, collects data from it, and
relays the information to the phone. The company ultimately hopes to have a flexible, thin-film, Bluetoothenabled disposable patch and/or use a smartphone reader for intermittent sensing (i.e., like Abbott's
LibreLink). The sensor itself is remarkably tiny (see picture below), and the ability to sense multiple
analytes gives it a variety of other applications: peripheral artery disease, stroke, tumors, oxygen
monitoring during exercise, organ status, microbiome, asthma, chemotherapy, etc. Profusa was
incorporated in 2009 (incubated at University of Washington and UCSF), has received $22 million in
DARPA and NIH grants (including a "transformative research award" from NIH and lots of military
interest), and raised a $13 million B-round of financing in 2015. The team is now 29 people. Though its
glucose sensor still has a long way to go, we think this is a company to watch in the implantable CGM area.
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Market Opportunities, Financial Issues, and Exit Strategy for Implanted Sensors
INVESTOR PERSPECTIVE ON IMPLANTABLE CGM
Matthew Maryniak (Fenix Group, Wyomissing, PA)
Fenix Group's Matthew Maryniak provided an investor perspective on implantable CGM, sharing hesitation
and uncertainty in the investment community. An educational gap may exist with investors as to the
opportunity in all diabetes technology, let alone implantable CGM. In interviews with VCs, Mr. Maryniak
found a general reluctance to invest in implantable CGM - the long time horizon for a return on investment
and high perceived risks (manufacturing, regulatory, reimbursement) outweigh potential upside in his
view. He mentioned that it took Medtronic an estimated eight to nine years before it got a return on the
MiniMed acquisition (based on sales, as Medtronic does not disclose profitability), while Senseonics only
raised $45 million in its IPO (he also alluded to the fact that this has been around for some time - as a
reminder, it was rebranded from Sensors for Medicine and Science in 2011). From a feature perspective, Mr.
Maryniak emphasized that implantable CGMs may only address "some" of the new enhancements promised
by consistently-improving traditional subcutaneous CGMs: miniaturization, fingerstick replacement,
calibration, drug interaction, extended wear (the clear winner for implantable CGM), pump integration,
accuracy, reimbursement, and insertion. One investor commented that implantable birth control saw
uptake far below expectations, a potential historical analog for implantable CGM. Meanwhile, a former
Director at Lilly shared that in "market research on an implantable drug delivery device for T2DM ...
consumers overwhelmingly didn't feel comfortable with having this device under their skin." (We assume
this referred to Intarcia but he did not specify. We note that Lilly has a competitive product to the GLP-1
implantable). Mr. Maryniak noted that Dexcom, Insulet, Tandem, and Senseonics are all "in the range for
acquisition"; Dexcom is of course making significant investments and it would be our guess (speculation)
that they have no interest in being acquired, given the years building up a very sustainable organization
(they are far bigger than the other three and Insulet is meaningfully bigger than the other two). He
concluded that "investors want to maximize ROI, and given experience with other implantable devices, they
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remain weary of implantable CGM. Market penetration of CGM continues to rise, but acceptance of
implantable CGM remains uncertain." While it's hard to from an investor perspective alone to tell whether
there will be successes in this arena, we think it's early to assess whether an implantable CGM could see
success, with only ~15% of US type 1s on any CGM at all. In addition to Mr. Maryniak's insightful point for
this audience of mostly non-investors that investor sentiment in implantable CGM has been lukewarm, we
note that with the exception of Dexcom, investors have been lukewarm to diabetes devices more broadly for
some time, largely due to regulatory and reimbursement concerns.
MARKET OPPORTUNITIES AND CUSTOMER PREFERENCE DATA FOR A FULLY
IMPLANTED LONG-TERM CGM SOLUTION
William Markle (Glysens Inc., San Diego, CA)
Glysens CEO Mr. Bill Markle said that the company has a second-gen implantable sensor in development that
is "half the size" and "24-month wear" before providing an overview of dQ&A and T1D Exchange surveys.
He suggested patients might opt for the device over alternatives based on the data. We continue to point out
that at ~15% penetration in type 1, there is lots of room for multiple concepts to do very well, as the standard
of care changes, assuming CGM is affordable. Earlier, Dr. Joseph Lucisano shared positive interim results
from the FIGS-2 human trial of Glysens' current model. According to Mr. Markle, Glysens is still working on
enzyme-loading for the next-gen sensor, but the battery issue (key for shrinking the size) has been worked
out. We wonder if the minimized battery could make room for additional enzyme in the chamber to extend
duration further. In the dQ&A (n=701 respondents) and T1D Exchange (n=533) online surveys of current,
former, and naïve CGM users, Mr. Markle noted that ~90% of the surveyed populations would "likely" or
"definitely" use a long-term, implantable CGM, regardless of past CGM experience. A bulk of the remaining
10% said they would not want surgery. As for ongoing studies: The small FIGS-2 trial (n=20 type 1s on
insulin) is a 12-month study of the Glysens implantable CGM at two clinical sites. Interim data reported by
Dr. Lucisano shows that all procedures have been unremarkable thus far. The implant has been welltolerated, so much so that all eligible subjects at one site opted to continue to 12 months and six out of eight
volunteered for sensor reimplant. Preliminary survey data was also positive. The sensor is performing with
less than 1% drift per week, requiring an anticipated 1-2 calibrations per month.
▪

In our last meeting with the Glysens team, we learned that bringing the MARD down
into the low teens via an improved digital signal processing algorithm is the
company's main priority. If that happens by this fall, the company will proceed to
initiate a CE approval trial (n=30) in San Diego, likely in 1Q17. Mr. Markle believes that
this study would also contribute to the phase I cohort of the US pivotal trial. We're glad to see
Glysens pushing forward with its fully implantable CGM, but even if things go exactly as planned,
the device will still not be market-ready for quite some time (we assume over 1.5 years, since a 1 year
study will take time to compete). In the pipeline (for later-gen sensors) is a plan to eliminate the
fairly bulky receiver and push data to a smartphone with a relay device (e.g., a watch that receives
the RF signal from the sensor and relays it to the phone via Bluetooth). The company also hopes to
extend the lifespan to two years, and drive a 40% smaller sensor that will likely have memory
capabilities to backfill data (e.g., if the receiver is out of range).

COMPANY UPDATES
Jeffrey Joseph, MD (Capillary Biomedical, Irvine, CA), Fotios Papadimitrakopoulos, PhD
(Biorasis, Storrs Mansfield, CT), Andreas Pfützner, MD (LifeCare, Bergen, Norway)
Capillary Biomedical, Biorasis, and LifeCare provided concise updates on their respective implantable CGM
projects. Each leverages a different technology to quantify glucose, and with varying form factors:
Capillary Biomedical is using pure absorption spectroscopy, Biorasis uses electrochemical sensing, and
LifeCare utilizes osmotic pressure.
▪

Capillary Biomedical's Dr. Jeffrey Joseph revealed the company is working on an
implantable system that derives a blood glucose reading from pure absorption
spectroscopy of ultra-filtered blood (plasma). A slight negative pressure forces blood into the
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mini system, where the blood is then filtered and then analyzed by MEMS optic technology. Because
the sensor has no enzyme or fluorescent chemistry, it can theoretically function for "many years,"
though it is still early and the company needs to show it can move tissue fluid, extend beyond six
months to more than a year of use, and show that readings correlate closely with reference values preliminary data in animals has been encouraging. Capillary is also developing in the insulin
delivery space and has set its sights on fully-implantable automated insulin delivery. The company
has a JDRF partnership to test a seven-day wear, novel subcutaneous insulin infusion catheter.
▪

Biorasis is developing a rice grain-sized, long-term, injectable/implantable CGM
called "Glucowizzard." At the moment, the company is focused on improving biocompatibility to
improve accuracy and extend sensor lifetime to six months. Biorasis wants to eventually use
Glucowizzard in an artificial pancreas setting, so lag time needs to be low, meaning tissue
integration is critical. The current approach is to release a steady dose of dexamethasone and growth
factors to reduce inflammation and induce angiogenesis surrounding the sensor. Biorasis aims to
initiate feasibility testing - in vitro, in vivo, and lagtime characterization - of its injectable prototype
in the next year. The company also plans to test on the International Space Station - cool!

▪

Last but not least, LifeCare's Dr. Andreas Pfützner showed off the company's osmotic
sensor, SenCell. Within the miniature sensor, there are two compartments separated by a semipermeable membrane. In one, there is dextran bound to ConA (a protein). When glucose enters the
compartment, it displaces the dextran, increasing the amount of free sugar molecules in the
compartment and thereby increasing osmotic pressure. The company has demonstrated a linear
correlation between blood glucose and osmotic pressure. Since this sensor is not chemistryconsuming, it could last indefinitely. In a proof-of-concept porcine study, the glucose profile tracked
a reference Dexcom trace well, especially when additional osmotic sensors were fastened to the
animal to normalize for movement artifacts. Dr. Pfützner shared that LifeCare is working with a
company in Germany to print 3D sensors in nanoscale.

Metrics for Diabetes
BORROWING FROM BIG DATA TECHNOLOGIES TO DRIVE CGM METRICS UBIQUITY
Annika Jimenez (Dexcom, San Diego, CA)
Dexcom's SVP of Data Annika Jimenez demoed some of the fascinating analyses Dexcom's Big Data
platform can run on both a population and individual level. This followed her talk at the DiabetesMine
Summit two weeks ago and left many in the room impressed. She showed population-level graphs pulling
data from tens of thousands of patients (billions of data points) and comparing a variety of variables: mean
glucose by hour of the day over a two-month period in ~30,000 patients; time-in-range vs. CGM sensor
utilization (great to show payers: 81-100% CGM utilization brings about two more hours in-range per day
vs. 0%-50% and 51%-80%); estimated A1c by age (higher in pediatrics); time-out-of-range by state;
average population glucose on holidays; etc. These variables could be selected in a fairly intuitive interface,
and data was included right up to August 31, 2016. On an individual level, Dexcom can also use the data to
develop individual-level models of glucose, helping clinicians understand risk profiles and giving patients
more precise feedback to navigate diabetes each day. Ms. Jimenez affirmed Dexcom's commitment to
building an ecosystem around its data, enabling third parties to build apps that leverage its upcoming APIs.
The plan shared two weeks ago remains the same: Dexcom is currently taking developer signups at
developer.dexcom.com and will launch its APIs (retrospective data initially) in early 2017.
▪

Dexcom has clearly made a big investment here and we're glad to see it taking best-inclass Big Data technologies from Silicon Valley, with Ms. Jimenez's leadership. Medtronic
has long used its CareLink database for benefit (we believe for regulatory, payer, and algorithm
development), and now Dexcom will have such capabilities (or more) too.
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Coding, Coverage, Reimbursement, and Competitive Bidding
REIMBURSEMENT AND THE COMPETITIVE BIDDING PROCESS BY CMS
Christel Marchand Aprigliano, (Diabetes Patient Advocacy Coalition, Tampa, FL), David
Marrero, MD (University of Arizona, Tuscon, AZ), and Gary Puckrein, PhD (National Minority
Quality Forum, Washington, DC)
A session on CMS' Competitive Bidding featured harsh criticism of the well-intentioned program, with focus
largely on its deleterious effects and the government's inadequate safety monitoring. Diabetes Patient
Advocate Coalition's Ms. Christel Marchand Aprigliano, University of Arizona's Dr. David Marrero, and
National Minority Quality Forum's Dr. Gary Puckrein all pointed to Dr. Marrero and Dr. Puckrein's recent
study showing that competitive bidding: (i) Increased the percentage of beneficiaries who acquired diabetes
testing supplies from retail outlets; (ii) Increased the percentage of beneficiaries who stopped being
compliant in SMBG by 23% - a metric correlated with mortality; and (iii) Increased mortality by 27.7% in
the competitive bidding group vs. 14% in the control arm. The results of the program, according to the
speakers, are decreased access to strips (causing patients to test less) and lower quality strips (causing
patients to trust readings, and ultimately test, less). More concerning, however, is the way CMS has
monitored the program. After an evaluation, CMS claimed that there has been no disruption and no harm to
Medicare beneficiaries. According to Drs. Marrero and Puckrein, this conclusion came from bad science - no
baseline values or matched control groups were included, the study cohorts were unstable and
unrepresentative of Medicare beneficiaries, and there is a lack of transparency and incomplete disclosure of
the methodology. Both men had strong words, as Dr. Puckrein exclaimed "it's just appalling" and Dr.
Marrero added that he is "little freaked out" and that "they didn't sample like [he] would sample as a
scientist." Dr. Marrero concluded by recommending that CMS be held to the same safety monitoring
standards as other clinical trials and that competitive bidding be suspended until CMS can demonstrate the
ability to effectively monitor the effects of the program. The one thing this session lacked that we would have
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liked to see was a voice representing CMS on the panel - the discussion could've put more emphasis on 'so
what can we do next?'
▪

Dr. Marrero produced a number of quotable quotes and stories as he shared his
thoughts on CMS's competitive bidding:
◦

"My Mom called saying she had to move to a new meter because of competitive bidding.
Nobody educated her on how to use it. It was more complicated than the current meter,
which I helped her pick out. She wanted to stop testing. This is the nature of the beast.
And the second problem, she got strips that didn't come from the company that produced
the meter. I found a strip that gave me a 130-point spread across three separate tests.
This is where dangerous therapeutic decisions are made. I performed 600 repetitions
with these strips, and discovered they weren't accurate."

◦

"I do clinical trials for a living, and if I did something that increased mortality of
participants, the trial would be stopped."

◦

"This is standard practice in the rest of the world in trying to understand the safety and
efficacy of a therapy. The observation that there is not an impact on beneficiaries is
frankly wrong. The fact that they're about to start another round is of great concern to
me and others."

IMPACT OF HEALTHCARE REFORM ON REIMBURSEMENT FOR NEW TECHNOLOGIES
Patricia Telgener (Emerson Consultants, Excelsior, MN)
In part one of her double-header, Emerson Consultants' Ms. Patty Telgener encouraged diabetes technology
manufacturers to invest early in clinical outcomes data in order to succeed in a changing healthcare
climate. She said the technologies that save money in the long term and improve long term outcomes will
benefit under Accountable Care Organizations as they replace fee-for-service with alternate payment
models. If a novel or existing technology can keep a patient out of the hospital and in better overall health,
providers and hospitals costs can save costs and be more profitable under the alternative payment models.
Because provider organizations will be incentivized to find innovative solutions to empower patients, Ms.
Telgener is a big believer in designing clinical trials with outcomes in mind - understand how a given value
proposition fits within future payment methodologies and define in which segment of the population the
product works. In addition, she endorsed pilot programs with specific payers, a good way to demonstrate
cost-savings. Yet there are significant hurdles for industry and patients in technology, starting with
outdated Medicare benefit categories. Ms. Telgener illustrated this concept with the durable medical
equipment (DME) benefit category: In order to be considered, a product must have a three-year expected
life. This may have been an adequate condition when the policy was written, but modern disposable pumps/
CGMs and software are left behind - they don't fit in the box. Ms. Telgener really hopes that the categories
"can come into the 21st century," but until they do, these outcomes-augmenting technologies will be
inaccessible for huge segments of the population. Payer actions also present challenges: Consolidation of
policies (Anthem/Cigna, Aetna/Humana, etc.) and negotiations with manufacturers (see United
Healthcare's decision to fund only Medtronic pumps) will likely narrow patient choices.
A NEW CPT CODE FOR CGM: A GOLDEN OPPORTUNITY OR A BLACK HOLE?
Patricia Telgener (Emerson Consultants, Excelsior, MN)
For her next act, Ms. Telgener delivered a seamless talk on the fight for Medicare coverage for CGM. [Note:
The scheduled speaker, Erika Miller of Cavarocchi, Ruscio, and Dennis Associates, of Washington, DC
couldn't make the session, so the amazing Ms. Telgener gave the talk off of slides she had never seen before.
Wow!] Medicare currently covers professional, but not personal CGM, despite clinical guidelines and
evidence that it is critical - 16% of older Americans with type 1 diabetes experience seizures or episodes of
unconsciousness, for which average inpatient admissions costs >$17,000, and the rate of hospitalization has
risen 11.7% since 1999. Dexcom's Ms. Claudia Graham, the session moderator, chimed in with Medicare's
perspective: Because CGM requires fingerstick calibration, it is seen as adjunctive and therefore
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'precautionary' and not "medically necessary." Dexcom, along with other CGM players, have been working
to obtain a dosing claim and to eliminate calibrations, believing that doing so would satisfy Medicare's
criteria. At this point, however, Medicare cannot fit CGM into a benefit category, despite legislative
advocacy like the CGM Access Act of 2015. Ms. Telgener called coverage for type 1s "of urgent need" and
forecasted progress on that front, while type 2 coverage is "a little bit down the road." She added that the
CGM coding was established in 2002 for professional CGM and, like Groundhog Day, it keeps coming back.
Luckily, the Endocrine Society and AACE are working to make unique codes for personal and professional
use. CGM is such a game-changer for so many, and allowing Medicare patients to leverage the technology
would likely save CMS money in the long run.
New Developments in Needle-Sensor CGMs
DEXCOM: PUSHING THE BOUNDARIES OF CGM PERFORMANCE
Peter Simpson (Dexcom, San Diego, CA)
Dexcom's Peter Simpson presented highly compelling G6 pre-pivotal data (including an 8.8% MARD with
zero calibrations!) and showed new impressive pictures of the second-gen sensor with Verily (smaller than
an M&M in volume, non-adjunctive, zero calibration, Bluetooth-enabled). We were highly impressed on
both fronts and are glad to see Dexcom pushing hard to get to a much better form factor, even stronger
accuracy, no calibrations, lower cost, greater ease of use, and far more insightful data. Accuracy will
always be critical for new products, though we believe these other factors will truly drive the field's
expansion. Dexcom is in a strong pipeline position based on what we saw today, and the pressure is on with
Abbott launching FreeStyle Libre in the US likely before G6 and the Verily product.
▪

Accuracy exceeded expectations in the pre-pivotal study of the G6 sensor (n=32
adults, n=17 pediatrics): an overall MARD of 8.1% vs. YSI at three in-clinic visits
(n=993 paired points) and only one calibration per day after startup over 10 days.
Outliers were minimal, with 96.1% of points within 20%/20 mg/dl, better than G5 with one fewer
calibration per day and nearly 50% longer wear (see below). When Dexcom ran the raw sensor data
prospectively through an optimized NO fingerstick calibration algorithm, accuracy was remarkably
consistent: a MARD of 8.8% and 95.5% of points within 20%/20 mg/dl (n=1,009 vs. YSI). This
exceeded the company's expectations, and Mr. Simpson said the team has been "impressed by the
G6 sensor's stability and reproducibility in manufacturing." Three sensor lots were used in the study
(key for factory calibration) and YSI measurements occurred at the beginning, middle and end of
sensor wear (no further details provided). While the initial version of G6 will be one calibration per
day after startup and 10 days of wear, these results support pursuing a no calibration version of G6,
and Dexcom believes the sensor will last up to 14 days. Notably, data in both calibration scenarios
was equally strong on day one (MARD ~10%), and the adult-only results with one calibration per
day were particularly strong overall: MARD of 7.2% and 99.4% within 20%/20 mg/dl. These are
outstanding pre-pivotal data and we look forward to seeing if they are confirmed in the larger
300-person G6 pivotal trial that is now underway. As of Dexcom's 3Q16 call, a G6 launch is expected
in 2018. See the detailed G6 pre-pivotal data tables below.
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▪

Mr. Simpson and Verily Technical Project Lead Dr. Will Biederman showed
impressive pictures of the second-gen Dexcom/Verily product: smaller than an M&M
in volume ("thinnest CGM ever"), no fingersticks, non-adjunctive labeling, and directto-smartphone Bluetooth connectivity. The second-gen sensor has completed initial animal
studies and the team is getting approval for clinical use. The pictures below show how truly
impressive this form factor will be, and both speakers commented that it will expand CGM adoption
beyond early adopter type 1s and into the type 2 population. Verily's Dr. Biederman held up a
functional prototype, drawing laughter from the crowd, since no one could actually see it in his
hand. (We tried to get a peek up close, but we couldn't persuade him to let us see it!) Neither speaker
commented on launch timing, but as of Dexcom's 3Q16 call, commercialization was expected "as
early as 2020" for the second-gen sensor and in 2H 2018 for the first-gen sensor. The latter was not
mentioned today, but it is expected to use the G6 sensor and have a smaller form factor than Libre
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(though obviously larger than this compelling second-gen version). It's worth noting that this
partnership is only 15 months old (signed in August 2015), signaling remarkable progress and what
seems like a great culture fit between the companies.

◦

Dr. Biederman said the companies have produced purpose-built microchips for CGM
that include sensing, data processing/storage, and the wireless radio on a chip smaller
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than a grain of sand (barely visible with the naked eye). Verily clearly brings tremendous semiconductor manufacturing and miniaturized electronics experience to the table.
◦

Though the G6 pre-pivotal study showed data from 10-day wear, an earlier slide noted
the sensor duration will last "up to 14 days." This is the first time we have heard that and
assume Dexcom will eventually pursue 14-day wear after the initial 10-day wear is approved. G6 will
also have the new 30% thinner transmitter and the simple push button applicator (currently under
FDA review), along with acetaminophen blocking. See picture below.

▪

Mr. Simpson began and ended the presentation with a true story of his dad, who used
orals to manage his type 2 diabetes (sulfonylurea and metformin), and after going on
CGM, dropped his A1c by ~1%, lost 25 lbs, eats better, and gets more exercise. Just as critical,
Mr. Simpson's dad was experiencing dangerous lows on an SU, including one while driving (Mr.
Simpson noticed it remotely with Dexcom Share). As we've long said, CGM is not a technology for
just insulin users! Mr. Simpson concluded with a great quote from his dad: "Diabetes has been a
series of losing battles for 20 years. CGM has given me my first win."

▪

We were glad to see Verily on stage discussing its broader diabetes strategy too: Big
Data analytics and machine learning; a scalable platform for wireless sensing; and miniaturized
electronics and flexible biocompatible encapsulation/substrates. The company sees itself at the
intersection of Huge Problems, Breakthrough Technology, and Radical Solutions - we like the sound
of that. Dr. Biederman mentioned "ubiquitous sensing" and extremely small, low cost, and burdenfree devices that are cloud connected to provide better data insights. No other details were shared on
the Sanofi (Onduo) or Novartis diabetes partnerships.

▪

Mr. Simpson showed a slide of Dexcom's "Diabetes Management" partners: Animas,
Insulet, Tandem, Bigfoot, TypeZero, and Beta Bionics. The latter three have not been
routinely shown in pump partner slides to date and we were glad to see this formalized, since
Dexcom has devoted less air time to AID products in recent quarterly updates. (Of course, the timing
and submission of these products is a pump partner issue.) The inclusion of TypeZero quickly
follows last week's news that the NIH-funded IDCL study is starting up and will serve as the pivotal
trial for Tandem's second-gen automated insulin delivery device.
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NEW DATA ON THE ACCU-CHEK INSIGHT CGM SYSTEM
Guenther Schmelzeisen-Redeker, PhD (Roche Diabetes Care GmbH, Mannheim, Germany)
Roche's Dr. Guenther Schmelzeisen-Redeker shared positive accuracy (overall MARD: 10.6%) and time lag
(mean lag post-processing: 5.5 minutes) data from the CE Mark approval study of Roche's Accu-Chek
Insight CGM. We heard topline results from the trial at EASD in September, but Dr. Schmelzeisen-Redeker
provided additional details. The study investigated performance in 36 people with diabetes, each wearing
two sensors simultaneously for seven days. The study also included two days with induced glucose
variations. As previously reported, overall MARD was 10.6%. The sensor performed very well in the ≤70
mg/dl range - MARD of 9.5% - with performance in the euglycemic and hyperglycemic ranges on par with
the overall MARD, at 10.6% and 10.7%, respectively. As expected, accuracy improved over the seven-day
wear period, as MARD fell from 12.9% on day one, to 9.1% on day seven. Dr. Schmelzeisen-Redeker also
showed that MARD during induced glucose variations was on par with overall accuracy: 10.7% in
aggregate, 10.4% in the hypoglycemic range, 10.1% in the euglycemic range, and 11.5% in the hyperglycemic
range. This suggests that lag time may not significantly affect the sensor's accuracy. Indeed, on the
following slide, Dr. Schmelzeisen-Redeker displayed a table showing that mean raw time delay was 9.2
minutes in the trial. However, when a real-time correction algorithm is applied, mean time delay decreased
to 5.5 minutes (the algorithm works by applying the population average time delay to the current figure
and extrapolating from the current glucose trend). This accuracy and lag data is encouraging, especially
because the Insight CGM is Roche's first-gen CGM. Our main concerns regarding uptake pertain to the two
necessary calibrations per day (whereas Abbott has eliminated them and Dexcom is headed in that direction
with G6) and the sensor's on-body size. As a reminder, the Insight CGM will be rolled out in a controlled
fashion in the Netherlands, Sweden, Norway, and Denmark via specialized diabetes centers by the end of
2016.
ABBOTT: NEW DATA ON FLASH GLUCOSE MONITORING
Scott Harper (Abbott Diabetes Care, Alameda, CA)
Abbott's Mr. Scott Harper reviewed findings from Abbott's REPLACE and IMPACT studies of FreeStyle
Libre, and presented new data (to us) from the open access phase of REPLACE: 100% of participants (type
2s on basal/bolus therapy in poor control) opted to continue using the sensor past the six-month study
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period and maintained the elevated levels of checking and decreased time in hypoglycemia. Specifically,
12-months following the start of the study, the patients using Libre scanned 7.3 times per day on average,
with 0.2 SMBGs per day - compare that with the ~10 scans and ~4 SMBGs per day when the study began.
In addition to showing sustained high levels of scanning, the data demonstrates a lasting trust in Libre, as
SMBG's were almost entirely eliminated in the insulin-using group. The hypoglycemia benefits seen at six
months in REPLACE were also maintained at 12 months: Relative to baseline, patients using FreeStyle Libre
spent ~42 minutes fewer per day <70 mg/dl (p=0.002), ~24 minutes fewer per day <55 mg/dl (p=0.002),
and ~10 minutes fewer per day <45 mg/dl (p=0.0013). Not only are these improvements statistically
significant, but incredibly clinically relevant. Mr. Harper did not share total time in hypoglycemia.
Importantly, the significant reductions in hypoglycemia were seen at night as well, countering speculation
that the lack of alarms poses a nighttime danger (presumably, patients identify nocturnal hypoglycemia
trends in retrospective glucose data). This 12-month open-access data augments the clinical and real-world
evidence that Libre can and will help a lot of people - 200,000+ are already using the system in Europe,
according to CEO Mr. Miles White in the company's 3Q16 financial update. The next big step for Libre, FDA
approval, could occur as early as 1Q17, according to Abbott's 2Q16 guidance; the product was submitted to
the Agency in 3Q16. We're eager to see what happens with the dosing claim and how the company prices it
in the US. More on that topic here.
MEDTRONIC: NEW DEVELOPMENTS IN SENSOR TECHNOLOGY
Brian Kannard (Medtronic Diabetes, Northridge, CA)
Medtronic's Mr. Brian Kannard reviewed data from the pivotal study of the new "Guardian Sensor 3,"
approved as part of the MiniMed 670G in September. As we've covered previously, the seven-day-wear
sensor (formerly called "Enlite 3" and "Guardian") has a labeled overall MARD of 10.6% on two fingerstick
calibrations per day, and a slightly improved MARD of 9.6% with 3-4 calibrations per day (n=12,090
paired YSI-CGM points). The FDA summary (see page 45 here) actually says four calibrations per day "are
recommended." Mr. Kannard shared that as part of the MiniMed 670G continued access study, the company
has gathered over a year of real-world data on the new Guardian sensor - 4,000+ sensors and 71
manufacturing lots - and seen similar accuracy to the pivotal study. Notably, a "majority" of MiniMed 670G
pivotal users cited sensor accuracy as a leading factor in trusting the system - it will be key for Medtronic to
see this post-launch, since many early adopters will have baggage from the less accurate earlier generation
Medtronic sensors. The improved sensor accuracy has come through a new electrode design (three parts),
only curing the enzyme on the working electrode now (instead of over the whole sensor), and new
diagnostics to monitor sensor health (built into the transmitter). In the future, the company hopes to obtain
an insulin dosing claim (Guardian does not have one, as it only modulates basal), an extended lifetime to 14
days, no calibration, easy insertion/startup, and a smaller footprint/profile - no timelines were shared, and
Medtronic is definitely playing catch-up on all these fronts compared to Abbott and Dexcom. Overall, we are
glad to see the new Guardian sensor has made progress on accuracy and look forward to seeing what
patients think once it launches with the MiniMed 670G in Spring 2017. This sensor is also under FDA review
in the US as part of the Guardian Connect standalone mobile CGM (launch expected by April 2017).
▪

Mr. Kannard also shared positive qualitative data from the 670G continued access
study (CAS), which included 80% of pivotal trial participants: 89% of surveyed CAS
patients perceived they have better control while using Automode (i.e., hybrid closed loop), and 93%
of patients were either satisfied or extremely satisfied with their overall quality of life while using the
MiniMed 670G.

▪

One quote from a 670G pivotal participant was particularly encouraging from a
quality of life perspective: "It is a care system that truly says, I have diabetes, but it does not
have me. The biggest concern for myself as an adult, wife, mother, and daughter were my nighttime
low that I would not wake up for. I have NOT had one while participating in this study. The CGM is
near perfect 98% of the time. This has dramatically improved. I thoroughly love the closed loop
system."
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ARKRAY: ACCURACY OF A NOVEL CGM SYSTEM EMPLOYING TRANSFER TECHNOLOGY
Shinjiro Sekimoto (Arkray, Kyoto, Japan)
Arkray's Mr. Shinjiro Sekimoto returned to DTM for the third consecutive year to share limited progress on
the company's glucose dehydrogenase-dependent DiET (direct electron transfer) CGM. Clinical trials are
expected in the US and Japan between 1Q17 and 2018. This year, he presented an internal feasibility study
(n=10, and 8 without diabetes) presenting an overall MARD of 9.9% with one retrospective calibration per
day. This sort of study says nothing about the sensor's potential accuracy with prospective calibration and
used in people with diabetes. (Last year, Mr. Sekimoto presented accuracy data from another small sample
of people without diabetes, in which the device demonstrated a mean MARD of 10.9%, ranging from a low
of 5.4% to a high of 20.3%. No data on the hyperglycemic and hypoglycemic ranges was included.) The
company has moved slowly in the past three years on this product (at least from a public progress point of
view) and we are eager to see how the novel sensor performs in the upcoming clinical trials. We hope the
studies are robust and consist of a large number of people with diabetes and prospective calibration. There
is a long way to go here.
▪

Arkray's system involves two components: an on-body component (sensor +
transmitter) worn on the abdomen and a mobile medical app running on a
smartphone. The app stores glucose readings and provides real-time glucose trend information.
The sensor electrode itself measures 0.25 mm in diameter (with an estimated 3 cm length) and is
designed to penetrate the skin at an angle (~30 degrees from perpendicular).

▪

The key element in Arkray's implantable CGM is the company's novel sensor
chemistry that employs a novel Direct Electron Transfer (DiET) technology. The sensor
works at electric potentials of 0.15V vs. Ag/AgCl - compared to the traditional CGM potential
difference of 0.6V vs Ag/AgCl - reportedly reducing interference from common culprits such as
acetaminophen. Arkray's approach uses the enzyme glucose dehydrogenase, which it hopes will
improve the reliability and sensitivity of glucose sensing, and enable a simpler manufacturing
process.

Artificial Pancreas: Recent Innovations in Algorithm
TYPEZERO: INCONTROL, A CLOSED LOOP SYSTEM FOR TYPE 1 DIABETES
Patrick Keith-Hynes, PhD (TypeZero Technologies, Charlottesville, VA)
TypeZero's Dr. Patrick Keith-Hynes shared snappy looking screenshots and discussed the company's three
commercial software products in more detail than ever: (i) inControl AP to run closed loop from a
smartphone or integrated into a pump (about to start the IDCL study with Tandem and Dexcom); (ii)
inControl Advice, an app that gives smart open-loop dosing advice for MDIs or pumpers; and (iii) inControl
Remote Care Platform for HCPs to optimize insulin therapy and remotely monitor patients on pens or
pumps. TypeZero has taken the UVA algorithms, modified them, and brought them to what looks like a
commercial-ready state. The screenshots we saw today for the first time looked very sharp (see below) and
were a far cry from the less modern original DiAs interface. We're particularly glad to see TypeZero
working on bringing its artificial pancreas algorithms into MDI users with type 1 and type 2 - the potential
for smarter insulin dose titration is massive in our view. No timing or commercial details were shared, but
we are very optimistic about the potential for smarter open loop therapy. Notably, the Advice app has a
chat-like, text-message interface, getting away from pushing buttons (similar to what Medtronic/IBM
Watson are doing with Sugar.IQ). Dr. Keith-Hynes showed the smartphone version of inControl AP for the
first time we've seen, which modulates basal insulin and can issue automated correction boluses, a key
difference from basal-only algorithms like the MiniMed 670G. As a reminder, the upcoming 240-patient,
NIH-funded IDCL study will support an expected late 2017 PMA submission of a Dexcom G6-integrated
Tandem t:slim X2 pump with TypeZero's inControl AP algorithm built into the pump. Patients will use the
system for six months. (The study's first pilot phase will use Dexcom's G5, inControl AP running on a
smartphone, and a Tandem pump.) See pictures and more details below.
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▪

The inControl AP app home screen showed the current CGM value in green (120 mg/
dl), with some simple text indicating predictions and system status. inControl AP
includes a basal attenuation module, a basal increase module, a hyperglycemia correction module,
and a user input module. The algorithm makes a new dosing decision every five minutes, and
overnight, gradually treats to a target of 120 mg/dl by morning.

◦

The baseline DiAs algorithm has been tested in over 200,000 hours of clinical trials
and the commercial version (inControl AP) is in two ongoing studies: Project Nightlight
(n=84, 11 months of use) and Safety at Home (n=22, five months of use). The IDCL study, which will
support a Tandem FDA submission, will start this month and support a late 2017 FDA submission.

◦

InControl Advice is a smartphone app that provides open-loop insulin dosing advice
and pattern recognition for those on MDI or pumps and CGM. The app includes a smart
bolus calculator based on TypeZero's artificial pancreas algorithms, physical activity advice,
interactive risk monitoring, and clinician messaging. The user interface is chat-based (like a text
message), a move away from buttons - yes! Dr. Keith-Hynes positioned it as a "Smart assistant" that
is "context aware," similar to how Medtronic/IBM Watson are positioning Sugar.IQ. The app will
integrate with pumps, connected insulin pens/caps (once they are available), and CGM, closing the
loop on whether an insulin dose recommendation was actually carried out. No FDA submission
timing or commercialization plans were shared, but we see this as very exciting for MDI users in
particular - leveraging the intelligence of artificial pancreas algorithms, but without requiring a
pump.
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▪

inControl Remote Care Platform is a tool for clinicians to optimize insulin pump or
MDI therapy. The platform conducts risk-based therapy optimization using 2-4 weeks of CGM,
BGM, and meal data to propose changes in insulin therapy, including basal, carb ratio, and
correction factor. inControl Remote Care Platform calculates a patient-specific model, identifies
glycemic risk zones, and proposes adjustments to insulin therapy profiles. The screenshot (see
below) looked very clean.
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▪

Interim results from a small pump-based trial of TypeZero's decision support system
(n=11) were shared at ADA 2016 (see picture below); full results are pending, and penbased results are ongoing. Dr. Keith-Hynes characterized the effect size as "modest" in the early
results from this small initial study: time in range (70-180 mg/dl) improved from ~52% to ~65%,
while time <70 mg/dl declined from ~3% to 2%. Metrics of glucose variability (risk index, ADRR)
also declined. The RCT tested what sounded like a patient-facing decision support system, including
automated treatment optimization, pre-exercise advice, and a CGM-based bolus calculator.

TRANSLATION OF HYBRID CLOSED LOOP
Bill Tamborlane, MD (Yale School of Medicine, New Haven, CT)
Industry vet Dr. Bill Tamborlane presented a concise summary of the future directions for closed loop,
highlighting ease of use, personalization, and fully-automated insulin delivery. Before looking to the future,
Dr. Tamborlane acknowledged the tremendous progress achieved in the past decade; it was just 10 years
ago that Dr. Gary Steil et al. completed the first feasibility study of subcutaneous CGM-insulin delivery in
type 1 diabetes. And less than two months ago, FDA historically approved Medtronic's hybrid closed loop
system - a "breakthrough" for the Agency, said Dr. Tamborlane. Yet there is still ample opportunity for
advancements within hybrid closed loop and toward fully-automated closed loop. The next steps for hybrid
closed loop, according to Dr. Tamborlane are to simplify the user interface and administration of correction
doses, something we have heard from some MiniMed 670G pivotal participants. Dr. Tamborlane also
suggested that hybrid closed loop systems would benefit from individualized and adjustable target glucose
levels, a point we heard repeatedly at ADA 2016. Earlier in the session, Harvard's Dr. Ravi Gondhalekar
argued that MPC algorithms circumvent the need for personalization, but the common opinion shared by
others in the session was that inter-subject variability should be addressed. Dr. Tamborlane continued,
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mentioning that the amount of insulin that can be infused automatically should be "liberalized" so as to
reduce patient burden, and clinical strategies have to be developed to prevent hypoglycemia during exercise
(the most obvious, of course, is proactive snacking). To achieve fully closed loop, Dr. Tamborlane outlined
the need for optimized algorithms, a consideration of single- vs. dual-hormone systems, and potential
assistance from adjunctive therapies, such as SGLT-2 inhibitors or pramlintide. We wonder about coformulated insulin-pramlintide in particular, which has not moved forward very quickly.
New Drugs
GLUCAGON FORMULATIONS
Jessica Castle, MD (Oregon Health & Science University, Portland, OR)
OHSU's Dr. Jessica Castle reviewed the landscape of glucagon development, including news to us that Lilly/
Locemia's intranasal glucagon will be submitted to FDA "by 1H18." Lilly acquired the glucagon formulation
from Locemia a little over a year ago. Last month's 3Q16 update noted that the product was still in phase 3
testing, and this is the first we're hearing of NDA submission timing. We're confirming with the company if
this is true, which is a bit slower than we expected (although, all of a sudden, 2018 isn't actually that far
away); phase 3 completed in pediatrics and adults last year. See the table below for updates/refreshers on
Zealand, Xeris, Latitude, Lilly, and Zosano's glucagon projects.
Manufacturer

Glucagon

Details

Lilly

Intranasal

In phase 3 testing. According to Dr. Castle, it will be submitted to

glucagon

FDA "by 1H18."

Xerisol
(native
glucagon)

Stabilized in a DMSO-based solvent that prevents fibrillation
Three ongoing studies

Xeris

▪

G-Pen Mini in treatment of exercise-induced hypoglycemia
at the Jaeb Center;

▪

G-Pump Closed-Loop (pumped glucagon for post-bariatric
hypoglycemia) proof-of-concept open-loop study at Joslin
Diabetes Center; and

▪

CSI Glucagon for congenital hyperinsulinism; Inpatient
proof-of-concept study at Cook Children's and Texas
Children's

Three upcoming studies
▪

G-Pen (rescue) multi-site pivotal trial and multi-site
pediatric pivotal trial;

▪

G-Pump Closed-Loop for post-bariatric hypoglycemia:
Phase 2a RCT with fully closed loop system at Joslin
Diabetes Center; and

▪

G-Pump for bi-hormonal artificial pancreas: Outpatient
proof-of-concept study with fully-automated system at
OHSU (sponsored by JDRF)

Latitude

Pumpagon
(native
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glucagon +
dextrose)
Zosano

ZP

Announced positive phase 2 results for treatment of severe

microneedle
transdermal

hypoglycemia last October. Dr. Castle did not mention it, but this
program was suspended as of April.

patch
Zealand

Dasiglucagon
glucagon
analogue

Effective in treating insulin-induced hypoglycemia in phase 2 study
(n=58 adults with type 1 diabetes)
Interested in pen and automated insulin delivery (see collaboration
with Beta Bionics)

Patient-Generated Health Data for the Precision Medicine Initiative
GLOOKO: LEVERAGING PATIENT GENERATED DATA AND DECISION SUPPORT TO
DELIVER PERSONALIZED RECOMMENDATIONS
Rick Altinger (CEO, Glooko, Mountain View, CA)
Glooko CEO Rick Altinger announced that the company's basal insulin titration product (mobile insulin
dosing software [MIDS]) has undergone two pre-submissions to FDA and is currently in human factors
testing. Glooko told us a 510(k) submission is expected by the end of 2016, with hope for clearance in 1Q17.
The Pump Advisor in collaboration with DreaMed will launch a multi-site clinical trial "in just a few
months." MIDS is currently being tested by clinicians, though no specifics were shared on the feedback.
Glooko told us that MIDS will be distributed in both clinics and large health systems - we think this could
make a real difference for many, and we like that it all happens for patients through the mobile app. Mr.
Altinger enthusiastically discussed September's merger with Diasend, and noted that Glooko will be
supporting the Transmitter box, PC/Mac Uploader, and Tablet Kiosk for at least the next year. Following
the year, the combined company will transition to a long-term solution that combines the best features of
both platforms.
▪

As we noted at ATTD, a clinician will select and/or configure long-acting insulindosing titration instructions with MIDS on the web, with the option of selecting standard
titration schemes (e.g., AACE geriatric dosing template). Clinicians enter a patient's basic
information, type of insulin, glucose range, and time periods. A patient's mobile device then receives
the personalized dosing configuration, with reminders to check glucose and to take insulin doses
which are recalculated based on the clinicians configuration (e.g., "It's checkup time! Let's see if your
insulin dose needs to be adjusted."). The system also sends safety alerts (e.g., "We've detected you
have a reading under 70 mg/dl. Contact your physician….") Patients dose will change on a regular
basis based on the glucose readings collected, which will ideally be automated as Bluetooth-enabled
meters talk to Glooko.

▪

The exciting Helmsley Charitable Trust-funded collaboration with DreaMed to
develop the MD Logic Pump Advisor was also a focus of Mr. Altinger's talk (also
introduced at ATTD). The feature imports pump and CGM data, determines an appropriate care
plan, sends insulin pump settings adjustment recommendations to the physician (e.g., for pump
users, change basal from 0.95 u/hr -> 0.8 u/hr from 12-8am due to pattern of nighttime
hypoglycemia), and records it in the patient's EHR. The physician approves the recommendation,
and the patient receives the recommendation through the app and either confirms or rejects it to
"close the loop." No details on the study were provided, but we believe clinicians and patients will be
ecstatic to use this product. We also wonder how it might evolve in an era of automated insulin
delivery, since many pump + CGM users will likely move to AID in the coming five years.
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TIDEPOOL: AN OPEN SOURCE PLATFORM ENABLING AN ECOSYSTEM OF DIABETES APPS
AND RESEARCH
Howard Look (CEO, Tidepool, Palo Alto, CA)
Tidepool CEO Mr. Howard Look commended Dexcom for its new developer platform and open APIs, shared
that the Nutshell app is in beta testing, displayed updated Tidepool device compatibility, and laid out his
three keys for enabling a data ecosystem. Dexcom's big move to open APIs (retrospective data initially) and
accelerate an open diabetes data ecosystem was first announced at the DiabetesMine D-Data Exchange two
weeks ago, and Mr. Look's praise today was definitely noteworthy: "Great job Dexcom for taking us into the
modern age and enabling a vibrant ecosystem." As a reminder, the site has launched for developer sign-ups
and will be fully available in "early 2017." We enjoyed hearing Mr. Look share his three requirements for a
vibrant data ecosystem at the end of his talk: (i) OAuth2, which allows consumers to access without
inputting passwords (the "Sign in with Facebook" or "Sign in with Google" buttons that occasionally appear
when logging into a platform); (ii) JSON, a lightweight data interchange format that can be easily shared
and decoded; and (iii) RESTful URLs and APIs, which can be cut and pasted and return the operator to the
same page/data every time. Mr. Look was so pleased with Dexcom's new developer platform because it is
based on these three key principles. And he added at the end of his talk, "Ask your developer if your
company is using these three things. If not, fire him or her." In his final slide, Mr. Look pointed out that
Tidepool's software is broadly available to end users and clinics for free via www.tidepool.org/signup - we
love this commitment.
▪

In Tidepool news, Mr. Look mentioned that the mealtime app, Nutshell, remains in
beta testing. He didn't share official launch timing, though at ATTD in February mentioned that he
hoped launch would occur "within the next quarter"; the small non-profit is clearly taking its time to
get this right, and Tidepool is currently focused on the clinical and end user experience with the
Tidepool Uploader and web experience at blip.tidepool.org. We believe many will love the ability to
easily track past meals and improve mealtime dosing. (We loved Meal Memory, which has
unfortunately been removed from the app store.) Mr. Look also put up a slide illustrating Tidepool's
updated device compatibility, which includes all of the popular CGMs and pumps on the market, but
admittedly not a large number of BGMs; "go to Glooko if you need a large assortment of BGMs there's a good solution there," he added.
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THE CONNECTED PATIENT AND HEALTH DATA ANALYTICS
Howard Zisser, MD (Verily Life Sciences, San Francisco, CA) & Shahram Ebadollahi, PhD
(IBM Watson Health, Yorktown Heights, NY)
Talks from Verily's Dr. Howard Zisser and IBM Watson's Dr. Shahram Ebadollahi shared nothing new on
their respective diabetes partnerships with Dexcom, Sanofi, Novartis (Verily) and Medtronic, Novo Nordisk,
and ADA (IBM Watson). Dr. Zisser emphasized one point above all others: "sensors are going to be
ubiquitous in our society, smaller, faster, cheaper, and used in ways we cannot predict." Dr. Ebadollahi
mostly reiterated his ATTD 2016 presentation and showed screenshots of the Medtronic Sugar.IQ mobile
app (first demoed at Health 2.0 in September). Dr. Ebadollahi reiterated the ~85% hypoglycemia prediction
accuracy 2-3 hours in advance, which will be incorporated in a future version of Sugar.IQ. See our detailed
coverage of the app here, which is available now in a limited launch (100 MiniMed Connect users) and set
for a broader launch by the end of this year.
Regulatory Initiatives in Diabetes Technology
THE DTS-BGMS SURVEILLANCE PROGRAM: UPDATE
Joan Lee Parkes, PhD (Joan Lee Parkes Consulting, Bristol, Indiana)
Dr. Joan Lee Parkes provided an update on the first series of DTS' BGMS Surveillance Program, a postmarket accuracy study of 18 BGMs on the US market. She had planned to share results at DTM, but pushed
timing for completion and results back to "early 2017." The program, which started in June and was funded
by a grant from Abbott (it is a red flag that the company moving most away from SMBG is the only funder),
seeks to address two concerns: (i) a lack of reporting standards and testing of BGMs and strips once they
are approved; and (ii) poorly performing BGM systems populating the market. DTS has created a protocol
to test the accuracy of 18 popular meters, covering the vast majority of the market (see table below).
According to Dr. Parkes, assaying glucose from tiny quantities of blood is not standard practice for most
commercial labs, so new protocols had to be developed and validated - hence the delay in timing. Testing of
the off-the-shelf meters - acquired from retail pharmacies and online retailers from different parts of the
country - is now ongoing at three clinical sites (Rainier Clinical Research Center, Diablo Clinical Research,
and AMCR Institute), plus one lab site (PPD Laboratories) for further analysis. Each study requires ~110
subjects in order to amass 100 natural blood samples and 20 glycolyzed samples (for assessment of
accuracy in the hypoglycemia range). Each study is repeated twice, for a total of three replicates, and each
clinical site assays all 18 BGMs. The program will determine if the accuracy of the tested meters meets prespecified standards, which are based on ISO 15197's 2013 guidance (+/- 15%), "but more lenient." A meter
will classified into three zones: (i) "clear acceptance" if it has 95%+ probability of meeting ISO 15197; (ii)
"indeterminate performance" with 5%-95% probability; or (iii) "clear rejection" if it has less than 5%
probability. Surprisingly, a meter will "pass" if it is in either of the first two zones, which is a very low bar a meter with only a 6% probability of meeting ISO 15197 will "pass," which is very surprising given the
reasons this was established in the first place. DTS will give its "Seal of Approval," which will not mean
much if every meter clears the low bar. Dr. Parkes envisions that manufacturers will approach DTS in the
future and request studies, and she hopes that all devices will be tested "at least once every two years." We'll
be interested to see what the data shows and how seriously the field and FDA takes it (see below). It seems
like this could basically be set up as a profit center.
▪

Dr. Parkes emphasized that the study is testing accuracy, not usability. This is a key
distinction, as meter accuracy is only worth so much (read: nothing) if the operator can't use the
device properly. A composite score describing both accuracy and usability might be interesting for
consumers and providers, though that would massively expand cost and scope and this program has
moved slow enough as it is.

Meter

Test Strip

Company

FreeStyle Lite

FreeStyle Lite

Abbott
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Contour Next

Contour Next

Ascencia

OneTouch Ultra 2

OneTouch Ultra Blue

J&J LifeScan

Accu-Chek Aviva Plus

Accu-Chek Aviva Plus

Roche

Prodigy AutoCode

Prodigy No Coding

Prodigy

ReliOn Prime

ReliOn Prime

Walmart

Embrace

Embrace No Code

Omnis Health

TRUEresult

TRUEtest

Nipro Diagnostics

TRUEtrack

TRUEtrack

Nipro Diagnostics

ReliOn Confirm

ReliOn Confirm

Walmart

Advocate Redi-Code

Advocate Redi-Code

Diabetes Supply of Suncoast

CVS/pharmacy Advanced

CVS/pharmacy Advanced

CVS Pharmacy

OneTouch Verio

OneTouch Verio

LifeScan

Contour

Contour

Ascencia

Accu-Chek Nano SmartView

Accu-Chek SmartView

Roche

ReliOn Ultima

ReliOn Ultima

Walmart

Gmate Smart (Ancillary device
needed)

Gmate

Philosys

Solus V2 Audible

Solus V2 Audible

BioSENSE

NEWS FROM THE FDA ON GLUCOSE MONITORING REGULATION
Courtney Lias, PhD (FDA, White Oak, MD)
FDA's Dr. Courtney Lias highlighted some of the key changes in the newly published BGM Final Guidances
and shared excitement for the upcoming post-market DTS BGM surveillance program data. She noted that
the Agency does not recognize ISO 2013 standards, and the new FDA guidances are intended to address
some key issues left out of ISO: non-OTC BGM use in healthcare facilities, meters' design features,
performance by intended users, and improved performance in the hypoglycemia range. Studies that will
fulfill the new FDA guidance will also fulfill ISO requirements, though the reverse is not always true. As she
did at DiabetesMine a few weeks ago, Dr. Lias also pointed out some of the key updates in the guidances: (i)
larger accuracy evaluations in at least 350 patients; a focus on usability in intended users; OTC accuracy
requirements that use percent only for both hypoglycemia and non-hypoglycemia (patients previously got
confused with both absolute mg/dl and %); additional testing for low (<80 mg/dl) and high (>300 mg/dl)
samples (may be contrived); subjecting test strips to typical shipping and handling conditions prior to use
in the study; and FDA review of lot release criteria ("We think this will go a long way" towards ensuring
real-world performance mimics labeled performance - we hope that this will be done fairly). She is
"extremely excited" for the upcoming DTS BGM Surveillance Program testing results (expected in early
2017, according to Dr. Joan Parkes). As she has in the past, Dr. Lias said these data can help inform directed
FDA inspections - "This is meant for us as a signal and another tool to prioritize where quality needs to be
investigated." The agency is also working on a BGM-specific MDR guidance to better standardize adverse
event reporting, which varies widely between companies. Finally, Dr. Lias said the Agency is "open to
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suggestions" on how accuracy should be conveyed on the outside of strip boxes; the team was not sold on the
proposed labeling included in the final guidance, but no further suggestions were received.
MEDICAL DEVICE CYBERSECURITY: AN FDA PERSPECTIVE
Suzanne Schwartz, MD (FDA, Silver Spring, MD)
FDA cybersecurity expert Dr. Suzanne Schwartz commended J&J's response to cybersecurity vulnerabilities
in the OneTouch Ping insulin pump, commenting, "This is the proactive behavior the FDA has been looking
to see from the medical device manufacturer and research community and demonstrates the collaborative
manner in which vulnerabilities can be addressed in a way that best protects patients." Diabetes Technology
Society Founder Dr. David Klonoff echoed this praise, calling J&J's coordinated disclosure "the right
approach." As we reported in our J&J 3Q16 report, Animas sent a letter to customers informing them that
the OneTouch Ping insulin pump may be accessed wirelessly to deliver extra insulin (via the unencrypted RF
communication that connects the meter and pump). The likelihood of unauthorized access is extremely low,
and the letter suggests helpful mitigations (very strong in our view). Behind the scenes, Mr. Jay Radcliffe,
the security researcher at Rapid7 who exposed the weakness, shared the vulnerabilities to J&J. J&J then put
together a quality test protocol, replicated the process internally, and maintained an ongoing dialogue with
Rapid7, FDA, and DHS. This process allowed thorough examination of the situation and proper notification
of consumers, along with proper mitigating controls. We see cybersecurity as a "must-have" for products
that infuse insulin, but we also hope the absolute risk is kept in perspective. See more in our J&J 3Q16
report.
Use of Mobile Apps to Increase Adherence
A EUROPEAN PERSPECTIVE
Pratik Choudhary, MD (King's College, London, UK)
King's College's Dr. Pratik Choudhary gave a masterful overview of the current state of diabetes apps,
concluding that they can alleviate some of the burden of "mechanical" tasks (e.g., bolus insulin dose
calculation), but behavior modification apps need to be more simple and automated in order to take off. Dr.
Choudhary specifically referenced mySugr and Roche's Accu-Chek Connect as apps he routinely
recommends. On the other hand, he believes that there needs to be more research to enhance behavioral
modification apps: they generally only work for patients who are already in the "determination" and
"action" phases of the "stages of change model" - leaving the large segment of patients in the "precontemplation" and "contemplation" phases behind. To make matters worse, patients frequently start an
app, but then relapse and leave the cycle. Another model, Michie et al.'s COM-B model, posits that, to
instigate behavior change, a patient needs capability, opportunity, and motivation. Apps provide
opportunity for the 64% of adults in the US (and those internationally) who have a smartphone, but the
motivation to change hasn't proven to be sufficient. A recently published DT&T paper found that just one in
five adolescents (the go-to population segment for digital media) with type 1 diabetes uses mobile apps to
support self-management. In response to the primary author's Tweet detailing the paper, various Twitter
users replied with comments along the lines of "yep. Classic. Look nice but no utility. Utility trumps
everything :)" and "So many apps, most cheap/incomplete." This is the crux of app design - added hassle
(e.g., inputting data) must be outweighed by added value. Dr. Choudhary then turned to activity monitoring
apps, which passively collect data, eliminating hassle. He noted that these apps don't often translate to
action, citing his own experience with Run Keeper: "Pratik, you haven't run in four days." This type of
feature may motivate some people, but it didn't work for Dr. Choudhary, nor the 404 participants in Project
SMART - a two-year RCT that found no benefit of app use on weight loss in overweight and obese young
adults. Dr. Choudhary sees potential for big data - the entry of Google and IBM Watson into the field - to
improve data and insights, though he's not positive that better analytics will change motivation.
▪

At least three speakers at DTM 2016 called for improved quality control and
regulation of mHealth apps. Drs. Choudhary, Signe Schmidt (Hvidovre University Hospital,
Denmark), and David Kerr (William Sansum Diabetes Center, Santa Barbara, California) all
referenced an oft-discussed 2015 paper (Huckvale et al.) that analyzed 46 meal insulin calculation
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apps and found most to be questionable, at the very least. Over half (27) said "not to be used for
medical purposes," only 21 made their formulae available, only 9 had insulin on board
compensation, only 10 adjusted for exercise level, 8 didn't adjust for current blood glucose value …
the list goes on, culminating in a statement that 31 had a risk of inappropriate dosing (of one of the
world's most dangerous drugs!). The difficulty here is that these apps are regulated devices, but have
not sought FDA clearance; FDA doesn't have the resources to police app stores, so it falls upon
HCPs, professional associations, and patients to separate the signal from the noise - and that is very
difficult. Presumably, the apps would continue to improve.
Social Media
HARNESSING SOCIAL MEDIA FOR DIABETES RESEARCH
Joyce Lee, MD (University of Michigan, Ann Arbor, MI)
University of Michigan's Dr. Joyce Lee spoke about Nightscout Study, a new initiative "to develop a patientdesigned research collaborative innovation network for T1D. The preliminary charter lists four main goals
of the initiative: (i) To promote the participation of patients and caregivers throughout the research life
cycle; (ii) To utilize the tools of mobile technology and social media for conducting research; (iii) To
accelerate the research lifecycle; and (iv) To promote the principles of open science. Some of the most
popular thus far include: How does lack of sleep affect the mental well-being of people with type 1 diabetes
and their caregivers? How accurate and consistent are different types of blood glucose meters? How do
certain foods affect blood glucose/management? What is the ideal timing of insulin for meals and snacks?
How does blood glucose respond to various diets? What kind of glycemia do people commonly experience?
[We believe these were all crowdsourced and upvoted by way of Facebook]. See Nightscoutstudy.info for
more information - we look forward to seeing where this initiative goes and the impacts it may have in
diabetes and other disease areas!
New Insulins and Delivery Systems
PATCH PUMPS
John Pickup, MD (King's College, London, UK)
Dr. John Pickup gave a masterful overview of patch pumps, noting their advantages and disadvantages,
sharing optimism for use of simple infusion devices in type 2 diabetes (CeQur, Valeritas), and touched on
accuracy and precision. He covered the two available full-featured patch pumps for type 1, OmniPod and
Cellnovo, and noted several others "in development": Debiotech's Jewel Pump, Kaleido's pump (CE marked
as of EASD; "The company makes a lot of noise about the different colors"); Medtrum's TouchCare patch
pump (new to us from China; includes PLGS and CGM connectivity); SFC Fluidics low-cost pump (few
details available; see our previous coverage); and Tandem's t:sport (PMA submission in 2018, per the 2Q16
call). Turning to type 2 diabetes, Dr. Pickup said there is now "enthusiasm" on the heels of positive results
from Medtronic's OpT2mise trial. He asserted that the future of CSII in type 2 diabetes is in smaller, easier
to operate pumps (e.g., V-Go, CeQur), as 80% of type 2s need only one basal rate (Parker et al., Diabetes
Obes Metab 2008), and a bolus calculator probably isn't needed (59% of the pump group in OpT2mise used
the bolus calculator for <25% of time). Dr. Pickup mentioned other patch devices for type 2 in development,
including Unilife's Imperium (see our coverage); Debiotech's JewelPump2; and Medtrum's P6 Easy Patch
(new to us from China; three-day disposable, mobile app controlled). He did not mention J&J's upcoming
OneTouch Via (previously Calibra Finesse), perhaps because it is bolus only. More details below.
▪

Dr. Pickup also covered "the somewhat controversial" topic of accuracy and precision
of patch pumps. He said that results may be method dependent, and accuracy varies between
pumps, at least short-term and in vitro. Results are good when manufacturers perform or sponsor
studies, but there is little independent research in this area. Insulet's OmniPod has "somewhat
worse short-term accuracy in several in vitro studies, but the clinical significance of varying pump
accuracy is unclear. It might be important in children, insulin sensitive individuals, and with fasteracting insulin."
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Patch Pump Potential Advantages

Patch Pump Potential Disadvantages

Less occlusion and bubbles.
Smaller and more discrete.

Usually no choice of cannula length or material or
angle of insertion.

Less likely to catch or detach infusion set.
Don't have to remove for sports/exercise.

Risk of contact dermatitis from adhesive.
Risk of adhesive failure.

Psychological benefit to not being tethered.

If handset lost/forgotten or fails, no bolus or other

Increased treatment sat.
No siphon effect.

control of pump.
Unsightly bulge in one spot on body.
Most do not yet have CGM connectivity/LGS.
If cannula site/pod fails, must carry a spare.

--by Adam Brown, Brian Levine, and Kelly Close
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