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“BIONIC”

Utilizing electronic devices and mechanical parts
to assist humans in performing difficult,
dangerous, or intricate tasks, as by
supplementing or duplicating parts of the body.

POTENTIAL BENEFITS OF AN
ARTIFICIAL PANCREAS

* Improved glycemic control

* Reduced frequency-severity of hypoglycemia

* Decreased glycemic variability

* Improved quality of life

* Reduced cost:
- Less frequent ER visits and hospitalizations.
- Fewer complications
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m U.S. Food and Drug Administration
Protecting and Promoting Your Health

Draft Guidance for Industry and Food and Drug Administration

Staff - The Content of Investigational Device Exemption (IDE) and
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SO, WHY IS IT TAKING SO LONG ?
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HISTORICAL PERSPECTIVE

1921
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FIRST INSULIN
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DCCT
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2016 ?? - CGM FOR
PATIENT USE

COMPONENTS OF THE
ARTIFICIAL PANCREAS DEVICE SYSTEM (APDS)
( “BIONIC PANCREAS”)

* Continuous Glucose Sensor

* Blood Glucose Monitoring Device
* Insulin Delivery Device

* Control Algorithm

* Insulin
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CLOSING THE LOOP

CLOSING THE LOOP-

BLOOD GLUCOSE MONITOR

- ADJUNCT TO CGM
- CALIBRATION



FACTORS INTERFERING WITH
ACCURACY OF SMBG

Patient characteristics

- finger cleanliness
- size of blood sample
- technique

Interfering substances

- maltose, galactose and xylose
- paracetamol
-ascorbic acid, uric acid, bilirubin
- hematocrit
System accuracy
- BG meter

- teststrip variability (lot-lot)

SO CRITERIA

PREVIOUS CURRENT

2003 2013

95% 95%

< 75mg/dI < 15mg/dl < 100mg/dI < 15mg/dl
> 75mg/dl <20% > 100mg/dI < 15%

I1SO - International Organization for Standardization
Experts share knowledge and develop voluntary, consensus-based, market relevant International Standards
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Results — I1SO 15197: 2003

SMBEG system

180 15197:2003

Lot v Lot 2 Lot 8
{reference method| % % %

{tmsts) {tests) {tasts)
Accu-Chex Aviva Plus 1006 89.5% 99.5%
PCA-HK}, group 1 1200/2004 (15200 (199200
Agvocate Redi-Code 96.8% 95.0% 68,5%"
(Y5l (193°200) (18QV200) 17772000
Embracs A5.0% 93,037 97.0%
(¥SI) (19Q/200) (1887200} (194203
TAUEbaiance S6.0% 01097 TR
1YSI) (192200 (182200 (195200}
Accu-Chek Aviva Slus \ 85.0% 89.0%
[PCA-HK], group 2 99.0% (1982000 | 598/200) (188/200)
WawaSense Presw a5s0% A50% 97.5%
YS! (190V200) (18QV200) (195200
Eemert S7.0% I8.0% 25.5%
(YSI) (184/200) (18&7Z00) (191200)
Prodigy Voice 88.5%"° 58.0% 86.0%
1YSH (1T 2000 (158200 (18Q/200¢

9 Failed to meet current ISO accuracy criteria

Results — ISO 15197: 2013

Frogosed S0 orteron &)
SMEG systam 3 SR 3
({refererce mathod| Lex Lot 2 Let
“ 3 i
o=z @R re=
‘ Accu-Chek fviva Plus $00% F0.0% E B0
|PCA-HK], grows * 200200 (85200 32200
Agvocats Redi-Code 3057 86.5%7 405"
(YSI {155°200) 173200 1SE5200
Embracs 8|S 87.0%* s1.5%"
|YSl) 1757200 T7200) T200
TRUEbalance sTONS BL.0%" A5%*
|YSI) VU200 172200 NENON
Accu-Chek Aviva Plus F0% 37.3% $3.5%
IPCA-HK], grows 2 197200, 200 1200
WwawSense Prasto 87.05" s.o% aso%"
(YS! (73008 TS200 ToReO
Eemert 0% | % 2 05"
{YSI) 1587200 ISN200) BV
Prodgigy Voics Se0%* S6.5% NVON*
(YSH) 168200 TE200 1887200

9 Failed to meet newly proposed 1SO accuracy criteria
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Performance Variability of Seven
Commonly Used Self-Monitoring of
Blood Glucose Systems: Clinical
Considerations for Patients and
Providers

Only three of the
seven SMBG

systems tested met
the previous ISO
accuracy criteria

JDST Vol 7: Jan 2013
Brazg RL, Klaff LJ, Parkin CG

Performance Variability of Seven
Commonly Used Self-Monitoring
of Blood Glucose Systems: Clinical
Considerations for Patients and
Providers

Only one of the
seven SMBG
systems tested met
the current ISO
accuracy criteria

JDST Vol 7: Jan 2013
Brazg RL, Klaff LJ, Parkin CG
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BGM Accuracy.......Bias vs. HCT Plots
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BGM PERFORMANCE ASSESSMENT

* GRAPHIC REPRESENTATION
* Regression Plots
* Bland-Altman Plots
* Error Grid Analysis....indicates clinical significance of error

¢ Radar Plots \

* TABULAR REPRESENTATIONS
* 1SO 15197:2013 guidelines (99% A+B)
* MAD and MARD......single numeric value

Reference Method



CLOSING THE LOOP-
CONTINUOUS GLUCOSE MONITOR

CGM....current status

¢ TRANSCUTANEOQUS SYSTEMS

Medtronic Enlite

Dexcom G4-G5 (nonadjunct use EU)
Roche

Abbott Navigator, Libre

¢ IMPLANTABLE SYSTEMS

Senseonics “Eversense”
Eyesense
Glysens

¢ FLASH GLUCOSE MONITOR (on demand)
Abbott Freestyle Libre (factory calibrated)

5/19/2016
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HOW ACCURATE DO CGM’s
NEED TO BE ?

MARD =7

NAVIGATOR 12.4+3.6
(ABBOTT)

GUARDIAN 16.4 £ 6.9
(MEDTRONIC)

SEVEN PLUS 16.7 £ 3.8
(DEXCOM)

Freckmann G, Pleus S et al
J Diabetes Sci Technol. 2013 Jul 1;7(4):842-53
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SENSOR ACCURACY

Accuracy and sensing performance

Whien LOWER 1 bettor

Ovenak Accuracy: Mean ARD IMARD)* X of COMYSI

®

St 38y Do, G PATII N wf AEW Sty 04

PRUVIOUS STULY Dwmiom G4 AATIMIM

M e —— - o S —— S DU | | P— . | Vo B . )| B 6| ) A W g 7\ b

- 9 —

Wher BIGHER = batie
Hypoglycemia ( CGM < 80mgrdL | Accuracy owe Time Percernage of COM within 20 mygidL of YS!

Wow bty Dercwn G FATIN M o/ N W Sty 24

POV STULY Dncom GARATMUM

W Mrte

o

T W - o ——— Y (W S O (R T e e e e s e o e
B e el TR T PP P T

SENSOR ACCURACY
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DEXCOM website....

Table 56. MARD by FST Day and Glucose Relerence Range, Using Sensor Performance Data from the 840G System (640G
Pump, Enlite 3 Sensor and GST3C Transmitter), Abdominal Insertion

etercace Bange | Charactersic FST3 78 Fsi7 Totai
N of Pared Points 81 27 2 1520
Ty Msan (50) 16.95 (13 53] 1262 (1042) 12.84 (10.60) 1405 (11 75)
Madan 1481 109 945 128
Win, W 000, 7585 0.00,68.41 .00, 48,99 0.00, 7386
N of Pared Points 2360 2577 1850 5795
Wan {SO) 1263 (11 16) 74 (799) 8.76(8.45) 1010 (3.51)
et 9.26 554 512 7325
Min, M 0.00, 66 94 0.00.50 10 0.00, 55 61 0.00.68.10
N of Paked Foints 1453 1320 003 3775
Mean (S0) 1239 (9671 755 (577) 961 78) 985 (8.50)
oo o Wedan 1054 556 705 7%
Min, Max 000,63 14 0.00,33.87 .00, 55.04 0.00.63 14
N of Pared Pointe 4254 ) 3263 12090
N Mean (SO} 1ao_c_ntm 893 (747) 85397) ( 10550 62)
v Median 1022 583 58 784
Min, Max 000, 7985 0.00 68 41 0.00, 5591 0.00, 79.88
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SENSOR ACCURACY
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Table 10, Values in Contruus Emor Gnd Zanes, Combined Analyses for the 840G System

(640G Pump, Enite 3 Senscr and GSTIC Transmitter] and fhe Guardian Mobie System
{Guardian Mobile Appication Enite 3 Sensor, GSTAC Transmiter) Using Ackat Calbraton
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SENSOR ACCURACY

MANUFACTURER

MEDTRONIC
MEDTRONIC
DEXCOM
DEXCOM
ABBOTT

ABBOTT

DEVICE MARD % %

GUARDIAN 16

ENLITE 3 (4th Generation) 9.6

*

SEVEN PLUS 16
G5 9.0 *
FREESTYLE LIBRE FLASH 10.7 *
FREESTYLE NAVIGATOR 123

5/19/2016
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Senseonics Continuous Glucose
Monitoring System

Power &

-

Bluetooth Low

Energy
Data
Sensor Body-Worn Smartphone with Senseonics
(subcutaneous) Transmitter Mobile Medical App

Insertion Tools

(Blunt Dissector and Sensor Inserter) PC-Based Transmitter Manager

27

“EVERSENSE CGM”

1. To Initiate A Measurement, Body-Worn Transmitter Sends RF Energy To Subcutaneous Sensor

2. Sensor Sends Raw Data Back To Transmitter, Which Calculates Sensor Glucose

14
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SENSEONICS .....Sensor Accuracy
Clinic Sessions Home Use

Glucose >75mg/dL Glucose <75mg/dL Glucose >75mg/dL Glucose <75mg/dL

MARD (%) MAD (mg/dL) MARD (%) MAD (mg/dL)
Site 1 10.4 (0.6) 6.8 (0.4) 13.3 (0.8) 12.9 (0.6)
Site 2 12.8 (0.7) 12.2 (0.7) 15.3 (0.8) 23.7 (2.4)
Site 3 11.9 (0.7) 15.0 (1.0) 15.0 (0.9) 15.0 (0.9)
Site 4 10.7 (0.6) 13.4(0.7) 13.3 (1.0) 13.5 (1.0)
Site 5 9.9 (0.5) 13.9(0.7) 13.2 (0.8) 14.0 (0.9)
Site 6 12.8 (0.7) 15.6 (0.9) 14.2 (0.8) 14.6 (1.0)

Combined
Accuracy 0-7) 13.5(0.8) 14.0 (0.8) 15.3 (1.1)

CE Mark Submission, Primary Effectiveness End Point
90 day MARD(Glucose>75mg/dL)=11.4%

SENSEONICS....Survivability Analysis

Kaplan-Meier Survival Analysis

8

Survival Probability (%)

40 %0 60 70 ) %0

% 10 20 10
Time since Implant (Days)

15
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HOW ACCURATE DO CGM’s

NEED TO BE ?

MARD <10 %

CLOSING THE LOQP —
ALGORITHM

16
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DELAYS IN CLOSED LOOP CONTROL

Insulin Absorption Subject
Delay ~30-100 min A "’A
—_—

Insulin
" —_—
‘_ Controller Pump

Insulin Action Delay:
Periphery ~20 min

Glucose

Plasma
Glucose

—

Sensor |

Interstitium-Plasma
Delay ~5-15 min

Cobelli et al, DIABETES 2011

CLOSED LOOP CONTROL ALGORITHMS

* PID (Proprtional Integral Derivative) controller

- rely on meal announcement
* MPC (Model Predictive Control)
- rely on meal announcement
* GPC (Generalized Predictive Control)
- adaptive control
- no meal or activity announcement

17
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CLOSING THE LOOP-
AUTOMATION OF INSULIN ADMINISTRATION

The Iterative Steps to the Automation
of Insulin Administration

* Threshold Suspend (LGS)

* Predictive Low Glucose Management (PLGS)

* Predictive Low Suspend + Overnight Closed Loop

* Hybrid Closed Loop.....( IC Ratio, Active Insulin Time)

* Full Closed Loop Artificial Pancreas

Insulin only
Dual hormone

18



The ASPIRE Study
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Assess Low Glucose Suspend feature in the MiniMed Paradigm® Veo
System to lower duration and severity of hypoglycemia induced
from exercise in 50 subjects

LGS ON

Hypo Duration = 154 minutes
Nadir = 55.5 mg/dL

AUC<70 = 1163 mg/dL*min
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DURATION | NADIR END OBS
OF HYPO | mg/dl mg/dl|

138 5min 59.6 91.4

I 1707 min 576 66.2
VAN 0006 0015 <0.001

LGS OFF

Hypo Duration = 248 minutes
Nadir = 50.3 mg/dL

AUC<70 = 3493 mg/dL*min

PLGM

Hypoglycemia Prevention and User
Acceptance of an Insulin Pump
System with Predictive Low Glucose

Management

The SmartGuard system suspends
insulin delivery if the SG level is
predicted to drop below 20 mg/dL (1.1
mmol/L) above the preset low limit
within the next 30 min.

Satish Garg, Ronald L. Brazg, Timothy S. Bailey, Bruce A. Buckingham, Robert H.
Slover, David C. Klonoff, John Shin, John B. Welsh, and Francine R. Kaufman.
Diabetes Technology & Therapeutics. March 2012, 14(3): 205-209
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19



5/19/2016

CLOSING THE LOOP

“HYBRID CLOSED LOOP “

OPEN LOORP......
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CLOSING THE LOQRP. ......IN HCL 1 WEEK

Glucose (mgldL)
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AVE SG
146 mg/dl

AVE SG

131 mg/dl
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PRE HCL.....AVE SG (126-182mg/dl)

Sensor Data (mg/dL)
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IN HCL......(AVE SG 127mg/dl)
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HISTORICAL PERSPECTIVE

1921

BANTING AND

BEST EXTRACT
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METER-AMES CO.
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1991
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AUTOMATION OF INSULIN DELIVERY

«“ ”
HYBRID CLOSED LOOP

2004*
CGM FOR
PATIENT USE
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BARRIERS TO IMPLEMENTATION
OF NEW DIABETES TECHNOLOGY

* The physician and clinical inertia

* Usability and the human interface — training
* Accuracy

* Regulatory approval

* Sensor lifetime

* Calibration frequency

* Assessment of clinical benefit

* Cost and reimbursement

Interview with MedPage Today, Nov 2015
Jill Whitcomb case.

Judge: Medicare Must Cover CGM for T1D Patient
Courts may be forcing CMS' hand for coverage of
continuous glucose monitors

* "As far as moving forward, it will take patients themselves,
individually and through patient advocacy groups, to pressure their
legislators to change the Medicare coverage language to recognize
the tangible benefits this technology represents to their constituents'
lives," Grunberger said. "The professional societies have done their
part in incorporating the technology into their position statements
and guidelines."
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THANK YOU
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