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* Yapay pankreas sistemini olusturan

Genel elementler

- Ge¢misten gunumuze Yapay Pankreas
Sistemleri

Basliklar

* Yapay Pankreasin arastirma ve klinik sonuclari
- GeleceginYapay Pankreas Sistemleri
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Sensor Destekli Insulin
Pompa Tedavisi:

Akill insulin Tedavi
Sistemlerine Basamakli
Gegis...

Insulin Pump + CGM=

Sensor Augmented
Pump Therapy (SAP)
+ Insulin Delivery Algorithms
(Insulin Pump’s Brain!)

Diabetes Care Volume 41, October 2018
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Predictive Low-Glucose Suspend
Reduces Hypoglycemia in Adults,
Adolescents, and Children With
Type 1 Diabetes in an At-Home

Randomized Crossover Study:
Results of the PROLOG Trial

Diabetes Care 2018;41:2155-2161 | https://doi.org/10.2337/dc18-0771
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Ik FDA Onayi Alan Yapay Pankreas “Sistemi:
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HCL System

Insulin only System
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MODAL DAY SENSOR GLUCOSE TRACINGS

1st FDA Approved HCL for
>14yo with T1D

[ Study Population ]

Pediatric & Adult
Study & Outcomes

Median and Interquartile Range of SG Values / Day & Night
A All Patients o B Adults - C Adolescents i
E——31Run-in Phase BN — Study Phase

-2 week run-in; 3 month, non-
randomized study HCL vs. SAP

-One week hotel, rest of time
AT HOME

-124 subjects, 10 centers

Bergenstal RM, etal. JAMA. Published online
September 15,2016 ; Garg SK, etal. DTT 2017

* Adult Group:
-Hypoglycemia reduction
Adolescent Group:
-Hyperglycemia reduction

- 0.5% reduction in Alc, bringing subjects from a low initial Alc of
7.4% t0 6.9%
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https://doi.org/10.2337/dcl19-0855

670G Otomatik Sistem Kullanimi 12 ay icinde 74%
den 35% e dusuyor!

and

100 | —Mean
Median
a 380
-
o
= =)
£ 60 ,
—
L o |
=
@
e 40 .
— |
- | |
7 20 , \J
| | ' |
o 126 31°%6 40%6 44% 4626
1 week (IN=68) 3 months (Nn=72) 6 months (Nn=67) 9 months (Nn=63) 12 months (Nn=56)

available data, usage of Auto Mode diminishes over time. At 1 week, mean 742 and median 82%%; 3 months, mean 502 and median 66%96; 6 months, mean

Figure 1 —Violin plot reflecting percentage of time in Auto Mode by time of follow-up, with the number of participants with available data noted. For the
442 and median 52%26; 9 months, mean 379 and median 312; and 12 months, mean 352 and median 17%.

-Yeni ve gelismis yapay pankreas sistemlerine gereksinim var.



Degisen ‘1. Insulin Pompa, CGM (Sensor) ve
ve diger sistem gelisimleri

Geligen ‘Il. Yan dal gelismeler
Yapay
Pankreas




Akilli Insulin Pompalari ve Teknolejik Interoperabilite

F ACE Pump
M DeXcon
" “alternate controller-enabled”

Medtronic ~ 'cGM

“integrated continuous glucose
monitor”

IAGC

“interoperable automated
glycemic controller”

FDA’in Tandem Insulin Pompasi ile farkli sensorler
arasinda iletisim izni ve onayini kabul etmesi ile
gelisen diyabet teknolojisi. :
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Glukoz Sensorleri (CGM)
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See your current
glucose instantly

Event
markers

~ Your glucose
history
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Freestyle Libre Medtronic ™
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Type 1 Diabetes Disease Progression

The Stages to Type 1 Diabetes
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* Sensor data ve data pattern tanima  Target TIR:

Sensor’un Diyabet Tedavisine Sungduc

e 10 =3

A

Type 1% & Type 2

programlari Dlabstes
 Klinisyen ve diyabetliler icin sensor data >250 mg/dL .o
. 13.9 I/L
tanimlama ve yorumlama Jimmmotiy)
= >180 mg/dL <250,*
e CGM data’dan HbAlc tahmini (10.0 mmol/L)
 Time in Range (TIR),Time Above Range
(TAR), Time Below Range (TBR)
Target Range:
70-180 mg/dL >70%

HbA1c nin TIR ile belirlenmesi: (3.9-10.0 mmol/L)
TIR 70% =HbA1c 7% (53mmol/mol)

10% TIR iyilesme = HbAlc de 0.5%

(5mmo|/mol) azalma <70 mg/dL (3.9 mmollL)_<4%**
Beck et al., JDST, 2019 <54 mg/dL (3.0 mmol/L) <1%
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7 gunluk infuzyon seti (Medtronic)

-600,700 insulin pompa sistemleri ile uyul

UZUh Sure -81% 7 gun kullanim (eski tip infuzyon sei
Kullanilabilen [ s

- Insulin israfi azaliyor (senede 5-10 vial)

Insulin
I nfuzyon *  45% 10 gun (median kullanim: 7-10gqun)

-10 gunluk infuzyon seti kullanimi:

* set problemleri (50% yapiskan,33%
hiperglisemi, 8% hiperglisemi+keton, 8%
enfeksyon)

Setleri

Lal et al, JDST 2021
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* Tek Hormon: Insulin

Insulin
Delivery

Algorithm

* Coklu Hormon:
* Glukagon vb. ek
hormonlar

Hibrid Yapay
Pankreas: Artificial

Tek Hormon Pancreas
ve System

Coklu
Insulin
Hormon

Sistemler /\‘ ‘

Hybrid AP system

* Esas Hedef:
Tam otomatik, kapall
sistem yapay
pankreas




Yeni Jenerasyon Glukagon

Intranasal Glukagon Stabil ve Uzun Omurlu Glukagon
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Ultra hizli Insulinler: Hizly yapay p Jasa

abllecek glukc
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Impact of Accelerating Insulin on an

= UVA/Padova simulator: Eriskin diyabetli Artificial Pancreas System Without Meal

Announcement: An In Silico Examination

" Yemek sonrasi kan sekeri simulasyonu
= Hem kapali (CIOSGd-lOOD) hem acik (Open-|00p) Patricio Colmegna, PhD'? (), Eda Cengiz, MD, MHS**,

Jose Garcia-Tirado, PhD' (), Kristen Kraemer, BS?,

sistemde simulasyon and Marc D. Breton, PhD!
TR Tmpact of accelerating insulin on an artificial pancreas system

fill "’"\ llilellel
SN

without meal announcement: An in silico examination
1R

- Insulin algoritmasinin ayarlanmasi

Fllzl;lllylf #ut;ﬁated AP: aggressive MPC+faster insulin - et
(delivery algorithm aggressiveness) : I A N N i
- + insulin glukodinamik hiz arttirma | R r'-ff.“%“ﬂ

s

ok ]
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> Hybrid ‘upe sy | w
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+ Superior post-prandial BG control and protection to late hypoglycemia
* Faster acting insulins represent a means to achieve target post-meal glycemia

> Fully-automated (unannounced meals)

Diabetes Science and Technology 2020 Jun 17

P lmegra, Mare Bt - Gender for Dlekstes Techrlagy, Lnbarstly of



Ultra Hizli Insulinler
Faster Acting Aspart_—" BioChaperone Lispro

»
> BioChaperone >
Acceler.ation Polymer that accelerates insulin delwe .
of Insulin 1 Acceleration
absorption & T of Insulin
action absorption &
L-Arginine: Citrate: increase sction
supports stability vascular
permeability
Insulin Lispro
Fiasp ADOCIA /|

insulin aspart injection 100 units/mL

DiaPort

115 @ port system for continuous intraperitoneal

Ultra-Rapid Acting Insulin
Arecor D %~

e < ' | , Y 1) infusion setwith bal
X — s angl
& - Excipients that both accelerate the 1 , | & o

onset of action & ensure product

Inhaled Insulin Dance-501

i

Acceleratic ~ —
i Multidose insuli ili
ofingulin 5o oz fneuin stability
absorptior
_ action Liquid formulation of insulin
Citrate: increase \ vibrating mesh micropump technology e Ultra-ra p|d onset & Stablllty
\‘ Phase I/l Study - Samba-01: single low dose . . . ) )
vascular ) of inhaled insulin in 12 patients with Type 1 validated in a diabetic pig model
i 4 diabetes.
el i e s (e e i "The port is connected with an msulin pump which infuse the insulin
5 inhaled units) in 23 patients with Type 2 Y 5 CONRCEL K Infuse I
Insulin Lispro s R L * Human cllmcal trlals in 2018 continuousy n the body
1. hitps://www.dancebiopharm.com/( accessed 2/7/2018) http://arecoscom/aroducts/ultra-rapid-acting-insulin/ {accessed 2/8/2013) *The catheter i is placed in the peritoncal cavity where the insulin is

direetly infused



Bigfoot

Unity
System

Akilli Insulin Kalem Sistemi:

Bigfoot Unity™ System

+ Reusable pen cap for
disposable insulin pens

« Passive dose time capture

« White PenCapisa
FreeStyle Libre 2 iCGM Reader

o
- Abbott’s FreeStyle® Libre 2 b I g

system
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The iLet™

Carry your glucose metabolism in your pockel.

Stanford :
B i

Medtronic 670G DiAs — Type Zero iLet-

OHSU Diabeloop
BetaBionics (DBLGl) -France
_"ﬁ& IRCMiMcGillToronta; 2015-2016 ...,m imiitenthe 5 P Ay
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BCH/Harvard Med.

DSC ZMPC

Insubel's Horizon Artificial Pancreas Based on thy
Omeipod Dash Systam Wodile Platform

HOpenAPS:

Medtronic 770G, 780G
ajg sra

Taking the DY, arifcil parcreas from =1 to n=1}* many by:

Camdiab FX
... @@ : '
3\ R .
@ .[;,’0 r’xz}oxr oxn
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(@DanaMLewis

BigFoot

Menarini
Tandem-Type ®
Omnipod 5 7 Roche
#OpenAPS ero



MOVING INTO THE FUTURE WITH ALGORITHMS AND SYSTEMS THAT MATTER

&

PERSONALIZED
CLOSED LOOP4

MINIMED™ 780G ADVANCED
HYBRID CLOSED LOOP?3
wed to:
Provide aptional
carb counting

L -E‘II'IP_"!" to:
Deliver 100% of correction
to meettarget

MINIMED™ 770G HYBRID

CLOSED LOOP SYSTEMI-2
Designed to:

@ Stay up to date with
upgradable pump software

Deliver a correction
every 5 mins, as needed

Adapt to behavior and
physiclogy

Allow setpoint of
100 or 120 mg/dL

Improve connectivity through
Smartphone controd

D Provide discretion with
smartphone display

Tirres above L) mgd
Thmea in Asege of T0-130 mgdL
Tiimsd Eagboiny 11 L

FOA BREAKTHROUGH DESIGNATION



PERSONALIZED CLOSED LOOP SYSTEM

SIMPLIFYING THERAPY MANAGEMENT

Algorithm

Fizyolojiye adapte olarak
calisan sistem

Otomatik yemek insulin dozu
dizenlemesi

“Automated Meal Handling”
Reduced Carb counting

100% Auto Mode Capable
TIR goal of >85%

Meal Exercise Help

Comfort
Personalization
Meaningful outcomes

Development programs not approved by the FDA; not investigational nor commercially available

** Priority review and communication with FDA. Breakthrough Devices Program. www.FDA.gov. Accessed April 23, 2019.

**With FDA Breakthrough Designation

Sensor & Key Features

50% daha klictk ve kullanilip
atilabilen sensor (CGM)

10 saniyede sensor takabilme
0
ozelligi

Akilli telefon ile kontrol
edilebilir



Kisiye Ozel Yapay Pankreas Tedavi

Precision Medicine & Diabetes Techaoloc
Pediatric TaD Patient Population:
a Day at the Clinic

51

Kadin tip 1 diyabetli
olan Kkisiler icin ozel
yapay pankreas
algoritmasi
ClinicalTrials.gov :
NCT02693938
Principal Investigator:
Cengiz
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Customized diabetes treatment is essential to reach target glycemic control

Control IQ System




Control IQ-Tandem Tslim

-Control-1Q kullanan ¢ocuklar 67% time in range
(TIR), SAP(kontrol) kullanan cocuklar 55%.

-Gece control 1Q 80% TIR, 54% (kontrol)
-Control IQ ile 6 saat daha uzun sureli TIR
-Control 1Q gercek hayat kullanim (n=1659):

Hb Alc 7.2% den 6.9% geriledi
Yapay pankreas kullanimi :96%

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Randomized Trial of Closed-Loop Control
in Children with Type 1 Diabetes

Marc D. Breton, Ph.D., Lauren G. Kanapka, M.Sc., Roy W. Beck, M.D, Ph.D,,
Laya Ekhlaspour, M.D., Gregory . Forlenza, M.D., Eda Cengiz, M.D.,
Melissa Schoelwer, M.D., Katrina J. Ruedy, M.S.P.H,

Emily Jost, M.P.H,, R.D,, CD.E, Lori Carria, M.S., Emma Emory, RN,
Liana . Hsu, B.S., Mary Oliveri, C.CR.C., Craig C. Kollman, Ph.D.,
Betsy B. Dokken, Ph.D., Stuart A. Weinzimer, M.D., Mark D. DeBoer, M.D,
Bruce A. Buckingham, M.D., Daniel Cherfiawvsky, M.D,
and R. Paul Wadwa, M.D., for the IDCL Trial Research Group*
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Control IQ-Tandem Tslim

~Children using Control-IQ spent 67% time in range,
ccompared to 55% for children using a sensor-
-augmented pump.

§ 5 % 3

g

Pexortage of Thrse i Tagget Mange

- 4
» o35

©

-Overnight 80% time in range overnight, compared to
54% in the control group

-Six hours more daily time in range with control IQ o)
} ol
-Real-life use data (1659 participants): {w
estimated Hb Alc fell from 7.2% to 6.9% ;-
Users spent 96% time in closed-loo E ol
P = | Cay- P | : J Control 1Q:80%
- : SAP: 54
0!&."'!'!_'./f'T‘.','.".T"'.".T'.!




Technosphera® Technosphere® Insulin

Microparticles (FOKP)
pH <6
]
Water Technosphere
i s Insulin: Insulin
Human Regular Insulin | i adsorption onto o

FOKP particle

pH >6 (physiologic pH) .a

. Inhaled particles dissolve rapidly and separate;
FOKP and insulin are then quickly absorbed

i E
| across the lung membrane

Blood Vessel

Alvezzad [Irali hamian) ihalackn Powdar Prasentathon. Mannklnd Comporatin, FOA Endecrholiglc and dwtaball: Advlscry Comimiltae Miating.
it . g e ik ke ooy Coomia it Do st s titgfnabarlals Diaigs  End el ghean e balle Dvug sy ey C ot LICMI90% B pdll.
agcid Hovembai 4, 200

C1 WANNKINT CORFORATION 2013, FOR TRANNG AMD DNSCUSSION FURFOSES OHLY. MO COPYNE OR CRSTRELTION OF THE MATERIAL MAY BE MADE WITHOLT WRITTEN CONSENT FROM MAHNKIND CORFORETION BIUHa|e Scored d 4‘4 out of 5 on Ease of Use ‘ App Store
Over 97% Rating it a4 or 5 on scale 1-5 P> Googe Play

Afrezza Insulin Cartridges

o
= Afrezza : Ultra Fast-in & Fast-out Action

Cartridges not to scale.
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Afrezza Hibrid Yapay Pankrea

Post-prandial BG (mg/dL)

200
180 p<0001

o

&)

o

o

o

o

o

o

30min

B Control M Afrezza Low

60min

160
14
12
10
8
6
4
2

90min

Afrezza High

Ftfect of Afrezza on Glucose

S_ LT

Alfonso GﬂdeﬂSf,Lz Nathan Cohm3

Peter Ca!houn,3 Kristen Kruemer,l

Dynamlcs Dunng HCL Treatment Marc !iiretlmw,4 Stuart Weinzimer,* and

https://doi.org/10.2337/dc20-0091

Eda Cengiz”

# of meals requiring CH rescue for

hypoglycemia :

Control : 9
Afrezza low : 2
Afrezza high : 2

Mean Insulin (U)

41 (31,
51)

38 (29,

54)

49 (42, 68)

P=0.61




Yapay Pankreas Yemek Sonrasi Kan

Kontrolii: Insuline Ek llac Ku#tahimt

Adjunctive pramlintide, liraglutide: Delaying and blunting of peak post- meal hyperglycemia
Sherr et al, Diabetes Care2016; 39:1127-134
Galderisi et al, J Clin Endocrinol Metab. 2018 Mar 1;103(3):1088-1094

-Adjunctive DPP4 inhibitors
Underland et al., J Diabetes Sci Technol. 2017 May;11(3):602-610.

-Ek ilaclar ;- § S
s Haidar et al, ATTD 2019
. Adjunctive Therapies to Optimize Closed-loop Glucose Control

Shylaja Srinivasan MD, Laya Ekhlaspour MD, and Eda Cengiz MD, MHS

In submission
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Mary Ann Liebert, Inc. ‘,l' rl‘ l I I ]
DOl 10.1089/dia. 20200546

ORIGINAL ARTICLE

First Outpatient Evaluation of a Tubeless Automated
Insulin Delivery System with Customizable Glucose
Targets in Children and Adults with Type 1 Diabetes

-Patchfpump _ o
-Hedef kan sekeri degistirme
fonksyonu

-14 gun standard tedavi, 14
un Omnipod

-Hbaic -1.3% (i/IDI), -0.9%
(pompa)

Forlenza et al., DTT 2021

Omnipod 5




*Insulin ve ¢oklu
hormon sistem
(insulin+glucagon)

‘Insulin rezervuar
yerine kartus
sistemi

ILet
Beta Bionics

-insulin
-insulin+glukagon




open source do-it-yourself (DIY) Loop code base

#0penAPS: -ES_?_'

Taking the DIY, artificial pancreas from (n=1) to (n=1)*many by:

* Focusing on safety

* Limiting dosing ability in hardware and software o
+ Using same dosing calculations a person would use

* Responding (or not) to unexpected data

* Tolerating communication failures

* Failing back safely to standard device operation

Ti d e p O O | — L O O p @DanaMI.QWiS Reference design, code, documentationat Open&PS.org

- ACE Pump " CL
“alternate controller-enabled” c=
*© iCGM oo
HELMSLEY JDRFi™ * “integrated continuous glucose monitor” :’ =

* IAGC

“interoperable automated glycemic controlle
Dexcom EDA ’ =
oo st e WA r- . HWeAreNotWaiting




Yakin
Gelecekte

Gorecegimiz
Gelismeler

* CGM+infuzyon seti

* Coklu tedavi: Insuliniile

- Coklu bilgi toplayan

- Kisiye 6zel insulin

The future of diabeteste€hnolog

kombinasyonlari

* Micro CGM, insulin

pompalar ' We’rejustgettingstarted
GOU (I) Infec'tion-rj

infusion ¢
W‘ insulin pur
PTFE +n¢
structures
Stimuli resy
release:
PBA/GOX(

oot I Smart Insulms

: " ,,"
| . ‘n v . p ey “ (hwrw|
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wooid e Gy
polymeric matr Inguli reloaso

koformulasyon ve
kombine diger
tedaviler (Adjunct)

sensorla guc¢lendirilmis
sistemler

tedavisi

(precision medicine)
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RESEARCH TEAM -

IMPROVING
LIVES.
CURING

TYPE 1

DIABETES.
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