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CSII: Flessibilita per I'Infusione di Insulina
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CSII vs MDI: Effetti sul Compenso Metabolico
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La variazione in HbA1c (MDI vs. CSII)
dipende dal valore iniziale di HbAlc
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Ipoglicemia severa: MDI vs. CSII
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ONSET 5: mean HbA,_ over time
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ONSET 5: prandial IG increments at week 16
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ONSET 5: change from baseline to week 16
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Intra-Peritoneal vs Subcutaneous Insulin

Infusion
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short-acting Insulin was administarad o Intraper IWE%'@"
15 min prior to meal O— 5u«@g @1\ n EIEHEI'I

lasma free insulin
CpU/ ml)

Schade DS et al, Diabetologia 1980



Continuous Intra-Peritoneal Insulin
Infusion (CIPII) via Implantable Pump

0O

| Liver
1 Catheter tip
3 Side port

4 Insulin pump
5 Refill port

6 Flange

7 Rectus muscle

Van Dijk PR et al, Clin End 2014
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Sensor-Augmented Pump (SAP) Therapy
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Time in Range: I'Impegno di Ogni Giorno
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Pancreas Artificiale? E Semplice....
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Prevention of /Protection from Hypoglycaemia
SAP with «Low Glucose Suspend (LGS)» Function 4
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PLGS

“Predictive Low-Glucose Suspend System”
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AP Strategy — Iterative Increases in Automation
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Pancreas Artificiale:
Molti Algoritmi, tre Approcci
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The Hypoglycemia-Hyperglycemia
Minimizer (HHM) System

Local CGM nadir =82 mg/dL

0 1 2 3 4
Time (h)

Levy BL et al, Eur Endocrinol 2016



AP Strategy — Iterative Increases in Automation
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vs CSII/SAP

Intervention Length of No of
Study author andyear  Trial registration details Setting Population Type of comparator duration follow-up*  patients
Bally 20177 NCT027 27231 Home Adults SAP 24h 4 weeks 29
Biester 2016°° NCTD2636491 Home Adults and adalescents SAP 24 h 2 days 10
Blauw 2016% NCT02160275 Home Adults Insulin pump treatment 24 h 4 days 10
Breton 20178 NCTO2604524 Winter camp Adolescents SAP 24h 5 days 32 J\ﬂ)'
Brown 2017 % NCT02131766, NCTO2008188  Hotel or research house  Adults SAP Overnight 5 days \ mu\
Chernavvsky 201677 NCTO1890954 Research house Adolescents Insulin pump treatment 24 h 1 day an =
De Bock 20157 ACTRN12614001005640 Home Adults and adolescents SAP+LGS 24 h ARG, s
De Boer 20177 NCT02750267 Hotel or home Children SAP 24 h AN oy 12
Ekhlaspour 20162 Not reparted Home Adults Insulin pump treatment 260 \y \J°® 3dass \\e0
Ekhlaspour 2016b™ Not reported Home Adults Insulin pump treatment 20 ()N JANY T 0
El-Khatib 20163* NCT02092220 Home Adults Insulin pump treatment or SAE ¢ NG® . A\\l%rays 39
Favero 2016™ NCT0260878 Diabetes camp Children SAP ‘OV24h ~C\ 3days 30
Forlenza 20173 NCT0277 3875 Home Adults SAP N \\ 0" (0 2 weeks 19
Forlenza 2017b° NCT027 14972 Home Children and adolescents SAP+GS & M) Y A\\S@n 21nights 28
Haidar 20152 NCTO2189694 Diabetes camp Adolescents Insulp.wﬁcatm‘enA\\o Overnight 3 days 33
Haidar 20150 NCTO2189694 Diabetes camp Adolescents %SBMump LrﬂaquU Overnight 3 days 33
Haidar 2016a™ NCTO1905020 Home Adults and adolescents sulin pummam'rﬁnt QOvernight 2 days 28
Haidar 2016b™ NCT01505020 Home Adults and adolescents Insyli p treatment Qvernight 2 days 28
Haidar 2017a"° NCT01966393 Home Adults ‘\g«\éE 24 h 60 hours 23
Haidar 2017b™ NCT01966393 Home Adults 6 \. (\Bﬂ\P 24h 60hours 23
Hovorka 2014" NCT01221467 Home Adolescents \ SAP Ovemnight 3 weeks 16
Kingman 2017 Not reported Qutpatient Adults and adolescepty U 6 SAP 24 h 5 weeks 37
Kovatchev 2014 NCTO17 14505, Hotel or guesthouse Adults P J g@ SAP 24 h 40 hours 20
NCT017 27817, NCTO17427 41 . (\\, e
Kropf 2015% NCT02153190 Home NN ,..\ SAP Evening and night 8 weeks 32
Leelarantha 2014 NCTO166£028 Home « DM o 9 SAP 24 h 8 days 17
ly 2014 NCT0197 3413 Diabetes cagm \  \~’_ Adylisgf@PRNMEscents SAP Overnight 5-6 days 20
ly 2015a" NCT023667 67 Diabetey ) « Ae\XAah T adolescents SAP+LGS 24 h € days 21
Ly 2015b" Not reported DabAeg)k3mp A\ Whs and adolescents SAP 24 h 5 days 16
ly 20163" NCT02147860 \ DDidtes campg G, >~ Adolescents SAP 24h 5 days 33
ly 2016b*° Not reparted A O Yhiaberss eV Children and adolescents SAP Ovemnight 1 day 21
Nimri 2014°] NCT01238406 _ A\ C* Hor€o\V Adults and adolescents SAP Overnight & weeks 24
Nimri 2016% Ncrm?zss;a\ (< q@he Children, adolescents SAP Ovemnight 4 days 75
\ and adults
Phillip 2013%* NQS\OS ‘,D Nt Diabetes camp Adolescents SAP Overnight 1 day 54
Renard 2017°* , _ ¢\ NN reportedy P\ Outpatient Children SAP+LGS 24 h 2 days 24
Russell 20 14X\ N  NGTQm@SN9— Home and hotel Adults Insulin pump treatment or SAP 24 h 5 days 20
Russel ‘3“— A NCWBBSIBS Diabetes camp Adolescents Insulin pump treatment or SAP . 24 h 5 days 32
“ms“(\ 0.\ NCT02105324 Diabetes camp Preadolescents Insulin pump treatment or SAP 24 h S days 19
ﬁ%rﬁh 201 SSY ~  Notreported Home Children SAP Overnight 4 days 15
" Sharifi 2016°F Not reported Home Adults and adolescents SAP+LGS Overnight 4 days 28
Spaic 2017%° NCTO2438189 Home Adults and adolescents SAP+LGS QOvernight 21 nights 30
Tauschmann 2016a%! NCTO187 3066 Home Adolescents SAP 24 h 7 days 12
Tauschmann 2016b*  NCT0187 3066 Home Adolescents SAP 24 h 3 weeks 12
Thabit 2014% NCTO1440140 Home Adults SAP Overnight 4 weeks 24
Thabit 2015a" NCT01961622 Home Adults SAP 24h 12 weeks 33
Thabit 201507 NCTO177 8348 Home Children and adolescents SAP Overnight 12 weeks 25
DiAs=Diabetes Assistant; US5=Unified Safety System; SAP=sensor augmented pump treatment: MPC=model predictive control; PID=proportional integral derivative; IFB=insulin feedback: LGS=low glucose suspend; PHHM=predictive hyperglycaemia and
hypoglycaemia minimisation; S5M=safety supervision module.
*For crossowver trials, length of follow-up refers to the duration of each period, excluding washout period.
1Mot included in the meta-analysis.

Bekiari E et al. Artificial pancreas treatment for outpatients with type 1 diabetes: Systematic review and meta-Analysis. BMJ 2018;361.




AP vs CSII/SAP: HbAlc
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Bekiari E et al. Artificial pancreas treatment for outpatients with type 1 diabetes: Systematic review and meta-Analysis. BMJ 2018;361.



AP Strategy —
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Insulin Off Pump
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Pancreas Artificiale Biormonale
in Bambini e Adolescenti

Conventional Single-hormone Jf 0 4
pump therapy artificial pangyg@
(96 nights) (93 ::g{gﬂi :A\ 2
Number of hypoglycaemic events 15 A2 50% 2 e
Patients with at least one hypoglycaemia 11 33%}6\)\6 G(\\‘edr (12%)
event* e c© oP &
Median time of hypoglycaemia events ”\’l\\\\@\ﬁ gﬂ@b—ﬂ £20) 0025 (0010-0047
Mean total insulin delivery 1 hﬂl{> \g\(\ 0-04 (0-06)
hypoglycaemia eventst
Mean total insulin Q‘gﬁ&r}r 2\['953 1 0-24(0-20)
hypﬂglycaeng
r@@% exﬁéggq}fcaemla events
umber of hyperglycaemia events 0 0
accompanied with ketones
Time of hyperglycaemia events (h) 0340 and 0400 0130 and 0350

Haidar A et al, Lancet 2015



Dual-hormone vs Single-hormone
vs PLGS vs Current Care

4 arms, 3 moderate-intensity aerobic exercise sessions OQ"\’&'
a 6\0\
66\0 \’6\\
End point DH SH PLGS CC  SH: 1;@\5 P,&\\a\%srnH P! CCDH P
. . G0¥ o\
% time in hypoglycemia \\@ e (23
(CGM <70 mg/dL) 22 \\G(
Entire study 1.3 (1.0) 2.8(17) 20 @3\)3 é{ 1.5 <0001 0.7 0044 1.8 0.007
Start of exercise in clinic g
until next meal 3.4 (45) 83 W» (@@ 43(68) 49 0009 43 <0.001 09 049
% time in range \G
(CGM 70-180 mg/dL) \ \G\ oo
Entire study @ﬁ% 0) 65.2(13.5) 63.1(17.3) 2.4 044 —65 0036 —88 0.010
Start of exercise in clinic \'6
until next meal qd A@\}ﬁ%[lﬁ 7) 83.3(16.7) 78.3(18.9) 78.2(26.2) -07 085 -54 024 -59 0.30
\\J\
. '\1‘39 N© ©
o (P
ow® eet

Jessica R. Castle et al. Diabetes Care 2018
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Spunti di riflessione
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Ipertecnologia: Vantaggi e Limiti

Pro Contro e\o\og\
6\3 X
@\O NS
Tecnologia piu sofisticata = miglior ~ * Rischio dim {é&?@@ﬁamento
controllo glicemico . Comgcl)e‘%l fﬁ«gwda» del sistema
L'automazione rende piu libero il 6\)\4\?1%@@ d| dipendenza dallo

paziente O\/P\e
Una tecnologia f|e55|b,|e ﬁ%%a\gl?e * Fastidi della tecnologia (es allarmi)
(\

risponde a molte e%géh * Problemi di “cybersecurity”
pazienti (dlqgaa‘att@ﬂ?a f|5|ca etc) * Non necessaria per alcuni pazienti

g@@fru mento
Q(



Insulin pump therapy, multiple daily injections,
and cardiovascular mortality in 18168 people
with type 1 diabetes:observational study

*Data from Swedish National Total mortality SOV %
. . o) \Q

Diabetes Registry

*2441 type 1 DM on CSlI

*15.727 type 1 DM on MDI

*Studied from baseline to
first CVD event or death

*Followed up for mean 6.8

\
Years \/\3\6
o2 o2 (é\o(\e Log rank test P<0.001

o s ol

AIIocause mc;r;c)gé(ls?e(ree@u@éd by : ) ; . . ] .
27% on g\%&l (\06\1 Veare
°CH%\JXR())rtQMy reduced by 45% Kaplan-Meyer survival curves
*Stroke and CHD mortality For total mortality

reduced by 42% on CSlI

Steineck | et al, BMJ 2015



Possibili ragioni per la ridotta mortalita CVD

Miglioramento della HbAlc: differenza non 5|gn|f|cagwa">
(HbAlc 7.9+1.3 vs 8.0+1.3% ns, CSIl vs MDI) 6\0’0‘\\6\\

00 W@
e\a\.\\\‘:\a@s\
Riduzione dell’ipoglicemia: numerQ\ ¢Phazienti con > 3

eventi ipoglicemici S|gn|f|cat|vadm‘é§té‘mferlore con CSll vs
MDI (p=0.03)

Riduzione dg}ld?\(,aﬁ%blllta glicemica: non misurata

Q0 6\\\\1(“06\!6
Migfior®°educazione del paziente in CSIl (dieta, esercizio,
frequenza di SMBG): non misurata

La ragione esatta per migliori outcomes con CSIl non e chiara



Closed-Loop Insulin Delivery during
Pregnancy in Women with Type 1 Diabetes

Zoe A. Stewart, M.D., Malgorzata E. Wilinska, Ph.D., Sara Hartnell, B.Sc,,
Rosemary C. Temple, M.D., Gerry Rayman, M.D., Katharine P. Stanley, M.D.,

David Simmons, M.D., Graham R. Law, Ph.D., Eleanor M. Scott, M.D., (i\
Roman Hovorka, Ph.D., and Helen R. Murphy, M.D. 6\0\0
6
\
250- Overnight glucose control in the t g@f‘r
74,7% (AP) vs 59,5° RS 15%
N\ SIS

N
O\@Q \

| 1 | | | I 1
midnight Zam. 4am. 6am. 8%am. 10am. noon 2pm 4pm. 6pm Spm. 10pm. midnight
Time of Day

No differences in % of time below the target, in insulin doses or in adverse events
N ENGL | MED 3757 MNEIM.ORG AUGUST 18, 2016



Closed-Loop Insulin Delivery during
Pregnancy in Women with Type 1 Diabetes

Zoe A. Stewart, M.D., Malgorzata E. Wilinska, Ph.D., Sara Hartnell, B.Sc,,
Rosemary C. Temple, M.D., Gerry Rayman, M.D., Katharine P. Stanley, M.D.,

David Simmons, M.D., Graham R. Law, Ph.D., Eleanor M. Scott, M.D., \O(i\
Roman Hovorka, Ph.D., and Helen R. Murphy, M.D. \06\0
GRS
6\0 \\6\

Continuation phase (day and night CL) G\a\\d\ \\a@
Mean glucose level 126 mg/d| \\@500 2
Glucose level in the target rar%géaaﬁﬁ‘ )o

\,P~e (GQ?
Labor and delivery, \,P\\‘ a\es‘
24 before del g@éy gné%lan glucose level=110 mg/d
Glucose g@%imﬁ%e target: 86,8%; < target 0,5%

8\ra
\1’&
}‘@é@ h after delivery; median glucose level 117 mg/d

Glucose level in the target: 73,7%; <target 0%






OpT2mise study: RCT of CSII vs. MDI in type 2 DM

*331 type 2 DM patients on MDI
e2-mo run-in to intensify control
on MDI using standardised

titration protocol

eThose with continued poor

control on MDI randomised to p\\\\

— 10— i &Q%traairrani
= i \O
% I o, i 6\0 \‘ \\‘a\
= 9 ‘i“i \‘.a(\?) 6\6\
E ! _L*':'\\@f_ L S— ¢
2 PRI
i \\,&:60 2 L 3
= \ S
= \)\66 Ci(\\le(
Og’P\g{’E‘}eg | I | |
D o 3 15 77
(o Time [weeks)

continued MDI or CSII for \@
6‘36\/ O(\G O(

eBaseline HbA e@e‘beaaa‘ <12%
eBaseline gil\s‘{ﬁl{a\cﬁé%e (0.7-1.8 U/kg)

0\6Q

Reznik Y etal,
Lancet 2014; 384: 1265-72

eFinal HbAlc significantly lower on CSlI

vs. MDI (mean final difference -0.7%, p<0.0001)
e|n those with highest baseline

(9.3-11.5%) HbA1c difference was -1.1%

*20% less insulin used on CSlI

*No increased hypoglycaemia or weight gain

on CSlI



Sustained Efficacy of CSII in
Continuation Phase of OpT2mise Trial

D
g\
GO®
v \‘\’6't
] LA AW
A 10 \ O\ @%\d\ %
AV - 82
S
£ 9 : - 74
a L 70 _
2 7] (145,144) | , E
: 55 3
g T \ ‘\ L o4
i oXO Study P N i
& GQ@(Q \a}le( 6 rr::ﬁ-.ys " Qﬁfm CDH’FI?;::E‘:*I]’ham )’ 50
W e |
. ?Qos\g el [\ 0 075 3.75 6.75 9.75 12.75 0
0\ Month

Aronson R et al. Diabet Obes Metab 2016; 18: 500-507.



CSII Versus MDI in T2DM: Individual Patient Data
Meta-analysis and Meta-regression of RCTs

A B \09%”
Study ES (95% CI)  Weight (%) Study ES (9 6566‘9 Weignt (%)
HbA, difference (%) Insulin dose d|ﬁerence @\] \\na\
Reznik - -0.63 (-0.90, -0.37) 26.13 Reznik = \‘\a(\ ﬂé@\a? -0.22) 52.11
Herman —_— 0.13 (-0.19, 0.46) 24.92 Herman (6\’3._6 \Q\¥.20 (-0.38,-0.03)  11.39
Raskin — -0.03 (-0.36, 0.31) 24.74 Raskin o \Z ‘6\\6 -0.15 (0,28, -0.02) 19.65
Berthe S S— -1.44 (-2.48, 0.40) 11.37 Berthe \\66 a_%’._ 0.25(0.48,-0.02)  6.82
Wainstein _— -0.78 (-1.72, 0.16 12,83 % \\‘G( i , 10.02
Overall (/7= 81.1%) <> I-u_4n (-0.86, 0.05) I 100.00 OGQ’“"%\' 7%) 0 l 0.25 |;4::_31__-u_19}| 100.00
M e
R : \'l\\"\’ e\ Q(e
15 1-50 5 : ; :
Favors CSl| Favnrs@&l\/P\ ‘(\6\6 A5 1 -5 05
0\ '\g\ Favors CSI Fawvars MDI

c ¢ O

Study (g@&% Cl)  Weight (%)
Body {Hg@@éﬁer %:I

Reznik = @Q o © " 0220063108 2277 287 MDI
\\ ¢ i ;
Herman‘aQ()% o (A__’_ 1.20(-3.32,0.93) 3.60 303 CS||
R,as@\ ? - 0.13(-0.35,0.61) 71.54
Berthe -1.94 (-6.91, 3.03) 0.66
Wainstein - -0.90 (-4.29, 2.49) 1.42
Overall (1 = 0,0%) O 0.08(-0.33,0.48) 100.00 . .
Pickup JC et al, Diabetes Care 2017
T 1
10 1

Favars G5l Favars MDI



Most patients with type 2 diabetes can be managed on CSII with
one basal rate throughout the 24 hours

*T2DM switched from MDI to CSll over 16 weeks (n = 21) 6\0\0@@‘
‘0'\'3\0‘ W
RN
SO 5o

\ R\ C
10% ) R
1050

\(\a

2 Basal rates

oe® B >3 Basalrates

80%

Edelman SV et al. Diabet Technol Thera 2010; 12: 627-633



I1 Futuro della CSII nel Diabete Tipo 2

"D
e,\O\OQ»
d\ 0\6 \ca:\\'

e Procedure della CSIl piu semﬁﬁ@p‘\
— velocita basale fissa Wagm‘i"?)ersona

— numero I|m|tatgad?f gq@ﬂom di basale tra i pazienti
—sommmm&g@*ﬂqa‘é"semphce del bolo

ﬂ%)m‘i:?e pil economiche



Problemi della CSII nel diabete di tipo 2

* | pazienti possono essere piu anziani, con moltepl‘;@wg
patologie, minore manualita, visione comprgm@ ﬁa\‘
capacita cognitive compromesse (in aI zw@%sun
partner disponibile per I a55|stenz\@$ kéﬁ‘m)

—Molti non saranno in grado o ngéq\‘%} (sé‘hno affrontare la relativa
complessita della CSII tracl\‘gd;sﬁ‘raI@e(}»6

o\
S
\)\G\ 0(\9\(\6\

* Grande numb@ﬁb Q\O‘botenmall pazienti di tipo 2 come
candlqabi"’Q @®"

e\‘e
de‘éhﬁl organizzativi (richiesta di formazione e di personale)
-problem| economici ( costo elevato delle pompe tradizionali)






Outcomes were Related to System Use

Among those who used the system > 70% of the time O\OQ"\@'
8 10,00%
9,0
7,5 %08? S
A\ o,
NO © (X00% -
7 . 50
O 6,00% -
6,5 5,00%
Loop 6 3,00%
-
) 5,5 ’
L00%
gAY e 0,00%
006\“ < AC% HbAlc (%)
20~ ©o¢
o ¢

Hypoglycemia (<70 mg/dl)

Kovatchev B et al, Diabetes Technol Therap, 2016




Chart1

		HbA1c (%)		HbA1c (%)



Open -Loop (SAP)

Closed-loop

7.2

6.7



Sheet1

				Open -Loop (SAP)		Closed-loop

		HbA1c (%)		7.2		6.7






Chart1

		Hypoglycemia (<70 mg/dl)		Hypoglycemia (<70 mg/dl)



Baseline

Last  3 months of study

0.074

0.009



Sheet1

				Baseline		Last  3 months of study

		Hypoglycemia (<70 mg/dl)		7.40%		0.90%






Large-Scale Trial

University of Virginia

Harvard University

Mount Sinai School of Medicine
Mayo Clinic

Barbara Davis Diabetes Center
Stanford University

William Sansum Diabetes Center the Tn 22 20 ‘_|ona|

Academic Medical Center Amsterdam §
University of Montpellier tes CIOSEd LoOP

University of Padova 3

Coordinated by the Jaeb Center for Health RP?%{[.@W
e9

: \\\O\’ oo
Design: AV > 2°
v'N=240 parUupan@J}w m\%th RCT comparing Control-to-Range vs. SAP
0
Outco %;'8“6 e‘%’\
\fe‘e

ds\\\ kn(ci?(?ence of hypoglycemia
0\‘39

Objectlves:

v’ Establish closed-loop control as a viable treatment for type 1 diabetes;

v' Generate safety and efficacy data satisfying requirements by regulatory agencies;
v" Demonstrate clinical effectiveness to facilitate reimbursement.



Non-HbA1c Glucose Metrics

Glycemic metrics*t e\o\og\
HbA; . If intervention permd 6{:‘@‘%@5&5
Mean CGM glucose @5\6\

% CGM time <<50 mg/dL (<2.8 mmol/L) e\‘a c\\\a\
% CGM time <60 mg/dL (<3.3 mmol/L) S 29

e
% CGM time <70 mg/dL (<<3.9 mmaol/L) 6\)\6?50<\\‘6(
% CGM time 70~140 mg/dL (3.9-7.8 mmo}/l$ © Y C\

% CGM time 70180 mg/dL (3.9-1 Q@%ﬂ&}@‘

% CGM time =180 mg{dl\_} IL}
% CGM time =250 % mmnlm
% CGM time 5@@’\\ :-~1E 7 mmol/L)
SD and@ﬁ&hqpﬁ@[}f variation of CGM values SD is much more dependent on the
05\\'\ (\0 . . L.
Q oS mean than coefficient of variation

Fasting blood glucose, mg/dL (mmol/L) If available, depending on study design; CGM
glucose at 06:00 can be taken as proxy

Maahs DM et al. Diabetes Care 2016
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