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Una straordinaria fisiologia
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La terapia insulinica in Italia: suggestioni
epidemiologiche

Valutazione degli indicatori
AMD di qualita dell’assistenza

al diabete in Italia

Terapia anti-iperglicemizzante nel diabete di tipo 2
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Type 2 diabetes specialist care in Italy in the AMD Annals initiative 2024: The path is traced. Y
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PERSPECTIVES IN CLINICAL DIABETES
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FIGURE 1 Timeline of U.S. Food and Drug Administration approval of bolus insulins [(é).

Wong EY, Kroon L. Clin Diabetes 2021;39:415-423.



Clinical Care/Education/Nutrition/Psychosocial Research
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Table 1—Summary of results for blood glucose and CGM data
Treatment Treatment Treatment Overall P value
arm —30 arm —15 arm 0 (repeated-measures ANOVA)*
Blood glucose—derived outcomes
AUC {mmol/l/min) 1.89 * 0.72 041 * 0.51 2.11 £ 0.66 0.043%
Maximum glucose excursion (mmol/1) 048 = 0.76 477 +052 6.93 = 0.76 0.038%
Peak glucose level (mmol/l) 11.74 = 0.80 926 +0.72 12.20 + 0.93 0.003%
Time spent in euglycemia (min)+ 182.5 + 28.2 2245+ 250 90.5 + 232 0.000%
Hypoglycemic events (no. of measurements)g 6 of 220 7 of 220 4 of 220 0.901
CGM—derived outcomes
AUC {mmol/l/min) 232 059 1.10 £ 0.11 1.89 = 0.34 0.088
Maximum glucose {mmol/I) 1148 = 1.08 10.11 + 0.59 11.31 + 0.82 0.174
Maximum glucose excursion (mmol/1) 524 + 1.01 437 + 0.64 541 = 0.67 0.5337

Luijf YM et al. Diabetes Care 2010;33:2152-2155



Ultra-rapid insulin: approaching a physiological insulin profile even further

Insulin action (at mealtime)*

From the normal pancreas

‘Ultra-rapid’ insulin
AL TN

\ Rapid-acting insulin

. — g,

(/Llltra-rapid insulin should: \
» Better approach physiological insulin secretion in
T1D

* Replace early insulin secretion in T2D
» Aim to mimic physiological insulin profile for pump

\ therapy /

"~ Regular human insulin

Time (h)

Evans M et al. Diabetes Ther 2019;10:1793-1800



Faster aspart insulin: |la struttura molecolare

[ Niacinamide: absorption modifier ]
X
T’*w N Vitamin B3
"\._Nﬁ
[ L-Arginine: added for stability ]
Insulin aspart JNC 7
HN u/\/\|)|\0_ Naturally occurring amino acid
NH;

La niacinamide aumenta il flusso sanguigno sottocutaneo, migliorando cosi
I'assorbimento dell'insulina, e riduce |'autoaggregazione dell'aspart.

Evans M et al. Diabetes Ther 2019;10:1793-1800



Faster-acting insulin aspart: earlier onset of appearance and
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Heise T et al. DOM 2015;17: 682-688



Popolazione in Studio

Faster Aspart: gli studi ONSET

Disegno dello Studio

Risultati Principali

Pazienti con diabete ditipo 1
in trattamento basal bolus e
HbAL_7-9%.

Pazienti con diabete di tipo

2 in trattamento con insulina
basale, metforminazaltri
ipoglicemizzanti orali e HbAL_
7-9,5%.

Pazienti con diabete di tipo

2 in trattamento con insulina
basale, metforminazaltri
ipoglicemizzanti orali e HbAL_
7,5-9,5%.

Pazienti con diabete di tipo
1lin trattamento con CSll e
HbAL <9%.

Studio doppio cieco, 3 braccia di tratta-
mento di cui 1 open label (post-meal):
1. Faster Aspart (meal-time)+Detemnir
2. Faster Aspart (post-meal)+Detemnir
3. Aspart (meal-time)+Detemir

Durata dello studio 52 settimans, 26 sefti-
mane con i 3 bracci + 26 settimane senza
il braccio di trattamento Faster Aspart
{post-meal)+Detemir

ONSET 2 181

Studio doppio cieco, 2 braccia di trattamento:

1. FasterAspart
(meal-time)+Glargine+Metformina

2. Aspart(meal-time)+Glargine+Metformina

Durata dello studio 26 settimane.

ONSET 3 B1

Studio doppio cieco, 2 braccia di tratta-

mento:

1. Faster Aspart
(meal-time)+Glargine+Metformina

2. GlarginetMetformina

Durata dello studio 18 settimane.
ONSET 4 2

Studio doppio cieco, 2 braccia di trattamento:

1. FasterAspart

2. Aspart

Durata dello studio 6 settimane

Faster Aspart meal-time o post-meal non & inferiore
rispetto ad Aspart nel ridurre la HbAL ;

Faster Aspart meal-time si associa ad una maggiore
riduzione della HbA1_rispetto a Aspart;

Faster Aspart si associa ad una maggjore riduzione
della glicemia postprandiale dopo 1 e 2 ore rispetto alla
Aspart al meal test;

La significativa riduzione della HbAL, ottenuta con
Faster Aspart rispetto ad Aspart, & mantenuta durante
tutta la durata dello studio

Profilo di sicurezza sovrapponibile (numero totale di
ipoglicemie).

Faster Aspart meal-time non € inferiore rispetto ad
Aspart nel ridurre la HbAL ;

Faster Aspart si associa ad una maggiore riduzione della
glicemia postprandiale dopo 1 ora rispetto alla Aspart al
meal test;

Profilo di sicurezza sovrapponibile (numero totale di
ipoglicemie).

Faster Aspart meal-time si associa ad una maggiore
riduzione della HbAL rispetto a Glargine;

Faster Aspart meal-time si associa ad una maggiore
riduzione delle glicemie domiciliari;

Faster Aspart+Glargine si associa ad un atteso maggior
numero di eventi ipoglicemici rispetto alla sola Glargine.

Non sono stati osservati episodi microscopicamente
confermati di occlusione del set diinfusione

Faster Aspart come Aspart ha fornito un efficace control-
lo glicemico.

Pazienti con diabete di tipo
Lin trattamento con CSll e
HbAL_ 7-8%.

Pazienti con diabete di tipo
1 { bambini e adolescenti)

in trattamento baszal bolus e
HbAL <8,5%.

Pazienti con diabete di tipo 1
in trattamento baszal bolus e
HbAL_7-9,5%.

Pazienti con diabete di tipo
2in trattamento basal bolu-
staltri ipoglicemizzanti orali e
HbAL 7-10%.

ONSET 5 %31

Studio doppio cieco, 2 braccia di tratta-
mento:

1. FasterAspart

2. Aspart

Durata dello studio 16 settimane

ONSET 7 9

Studio doppio cieco, 3 braccia di tratta-
mente di cui 1 open label (post - meal):
1. Faster Aspart (meal-time)+ Degludec
2. Aspart (meal-time)+Degludec

3. Faster Aspart (post-meal}+Degludec

Durata dello studio 26 settimane

ONSET 8 k81

Studio doppio cieco, 3 braccia di tratta-
mento di cui 1 open label (post - meal):
1. Faster Aspart (meal-time)+Degludec
2. Faster Aspart (post-meal}+Degludec
3. Aspart (meal-time)+Degludec

Durata dello studio 26 settimane.

ONSET 9 531

Studio doppio cieco, 2 braccia di tratta-

mento:

1. Faster Aspart (meal-time)+Degludec +
metformina

2. Aspart (meal-time)+Degludec + met

Durata dello studio 16 settimane

Faster Aspart non € inferiore rispetto ad Aspart nel ridur-
re la HbAL

Faster Aspart si associa ad una maggiore riduzione della
glicemia postprandiale dopo 30 minuti, L orae 2 ore
rispetto alla Aspart al meal test

Profilo di sicurezza sovrapponibile (numero totale di
ipoglicemig)

Faster Aspart meal-time & superiore ad Aspart nel ridurre
la HbAL

Faster Aspart post-meal non & inferiore rispetto ad
Aspart nel ridurre la HbAL

Faster Aspart meal- time si associa ad una maggiore
riduzione della glicemia postprandiale dopo 1 ora,
dopo tutti i pasti, rispetto ad Aspart (glicemie domi-
ciliari)

Profilo di sicurezza sovrapponibile (numero totale di
ipoglicemig)

Faster Aspart meal-time o post-meal non & inferiore
rispetto ad Aspart nel ridurre la HbA,
Faster Aspart meal-time si associa ad una maggiore
riduzione della glicemia postprandiale dopo 30 mine 1
ora rispetto alla Aspart al meal test;

Profilo di sicurezza sovrapponibile (numero totale di
ipoglicemig).

Faster Aspart non & inferiore rispetto ad Aspart nel ridur-
relaHbAL;

Faster Aspart si associa ad una maggiore riduzione della
glicemia postprandiale dopo 1 ora rispetto alla Aspart al
meal test

Faster Aspart si associa a una diminuzione significativa
di eventi ipoglicemici (numero totale di ipoglicemie)
rispetto ad Aspart

JAMD 2021 | VOL.24 | N° 3




Original Article

Investigation of Pump Compatibility of
Fast-Acting Insulin Aspart in Subjects
With Type | Diabetes

Table 2. Evaluation of the Infusion Sets During the Trial.

Type of change Faster aspart Insulin aspart Total Evaluation

Routine at home 210 98 308 Macroscopic by subject

Routine at site visit | 47 72 219 Macroscopic and microscopic by laboratory

Premature 21 4 25 Macroscopic by subject; plus macroscopic
and microscopic by laboratory if shipped®

Unclassified I 0 I Macroscopic by subject

Total 379 174 553

*Three of the seven infusion sets that were changed prematurely because of a possible occlusion were shipped to the laboratory for macroscopic and
ged p Y P Ppe ry P
microscopic evaluation (all in the faster aspart group).

No microscopically confirmed episodes of infusion-set occlusions were observed

in either of the treatment arms after 6 weeks of treatment.

Zijlstra E et al. ) Diabetes Sci Technol 2018;12:145-151



Ultra rapid lispro insulin: |la struttura molecolare

Insulin lispro enriched with two excipients:
v'Treprostinil (promotes local vasodilation)

v Citrate (enhances local vascular permeability)




Ultra rapid lispro lowers postprandial glucose and more closely
matches normal physiological glucose response compared to
other rapid insulin analogues: A phase 1 randomized, crossover

study
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Ultra rapid lispro improves postprandial glucose control
compared with lispro in patients with type 1 diabetes: Results
from the 26-week PRONTO-T1D study
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Inhaled technosphere 1nsulin

Is a second-generation inhaled insulin featuring microparticles made
of fumaryl diketopiperazine. These microparticles form microspheres
that possess the ideal size of 2-3 um necessary for absorbing drug

particles into the alveoli.

Conventional human insulin is incorporated into these microspheres,
whichare subsequently freeze-dried into a dry powder, facilitating

inhalation.
Reaches peak levels within 11-23 min of inhalation

Peak activity around an hour after administration

Terminal half-life of 1 h



Inhaled Technosphere Insulin: A Novel Delivery System
and Formulation for the Treatment of Types 1 and 2
Diabetes Mellitus

Anne J. Kugler,u‘* Kristin L. Fabbio,”* David Q. Pham,'” and Daniel A. Nadeau’

'Department of Pharmacy Practice and Administration, College of Pharmacy, Western University of Health

Sciences, Pomona, California; 2St. Mary's Medical Center, Long Beach, California; *Division of Pharmacy

Practice, Arnold & Marie Schwartz College of Pharmacy and Health Sciences, Long Island University, Brooklyn,
New York; *Kings County Hospital Center, Brooklyn, New York; *Mary & Dick Allen Diabetes Center, Hoag

Hospital, Newport Beach, California

2-hr postprandial

Change in A1C from Change in FPG blood glucose Achieved
baseline level level AlC < 7%
Baseline 95% CI or p value p value p value
AlC, p value for Mean for Mean for for Dropout
Study design mean + SD Mean difference vs change, difference level, difference % of difference rate, no.
Population (duration) Study arms % % control mg/dl vs control mg/dl  vs control patients vs control (%)
Affinity 1 Randomized, TI (Dreamboat) + 798 £ 0767 —-0.21 0.02-036 —25.27 p=0.0009 NR 183 p=0.0158 44 (25.3)
T1DM open-label, basal insulin
(n=518) "** **  forced- Aspart + basal 7.88 £ 0.751 —0.40 10.15 30.7 19 (11.2)
titration, insulin
noninferiority Tl (MedTone)} 7.90 4 0.732 NA NA NA 36 (20.7)
(24 wks) basal insulin
Affinity 2 Randomized, TI (Dreamboat) + 8.26 +£ 0680 —-082 —0.57 to —0.23 —11.20 p=0.1698 NR 322 p=0.0002 27 (15.3)
T2DM double- OADs
(n=353) "** **  plind, Technosphere 835 4+ 0.775 —0.42 —-3.78 15.3 37 (21.0)
placebo- powder
controlled, (placebo) +
forced- OADs
titration
(24 wlks)

Pharmacotherapy 2015;35:298-314



Are New Ultra-Rapid-Acting Insulins Associated
with Improved Glycemic Control and Reduced
Hypoglycemia in Comparison to Conventional 504 records identified through Records removed before screening:
Rapid-Acting Insulins for Individuals with Type 1 database search: — Duplicated records removed
and Type 2 Diabetes? A Systematic Review Wb ofSeience (22 (n=92)

and Meta-Analysis

Cochrane (n= 282)

H b A 1C Records excluded:
Duplicated records (n=20)
Congress abstracts (n=47)
‘ v
Studies Estimate (95% C.I.) ; ) lieible s Jesi _
; Records screened at title and Ineligible study design (n=167)
bstract (n=412) - ioi i
Russel-Jones 2017 22 0.150 (-0.230, -0.070) [ ] ! abstract (n Ineligible study population (n= 1)
33 - 8 - 5
Klaff 2020 - 0.080 (-0.160, 0.000) = Ineligible study duration (n= 38)
T1D Blue Vallesley 2021 -0.080 (-0.160, 0.000) [}
Buse 2018 23 -0.020 (-0.110, 0.070) —i Ineligible study intervention (n= 90)
19 s e i
Bode 2019 -0.170 (-0.305, -0.035) = : . ) )
Klonoff 2018 21 0.090 (0.010, 0.170) ! = Unfinished/unpublished studies (n=5)
Mark Warren 202133 0.020 (-0.065, 0.105) : L] Study protocols (n= 1)
Subgroup | (1*2=75.82 % , P=0.000) -0.051 (-0.119, 0.016) —
? v Trial registration (n= 23)
: 36 5 ~0.045 6 3 N
Blevins 2020 0.060 (-0.045, 0.165) 7 L Records screened at full text
T2D Bowering 201724 -0.020 (-0.145, 0.105) - -
Lane 2020 32 ~0.040 (-0.110, 0.030) — . | m— (n=20) s
= == Sl Records excluded:
Subgroup Il (1*2=23.68 % , P=0.296) -0.007 (-0.070, 0.056) _——
: Ineligible study design (n=4)
Overall (1*2=68.68 % , P=0.001) -0.037 (-0.088, 0.014) ——Te— L 4 -
: Records included in metanalysis Ineligible study outcomes (n= 1)
_0|3 _D|? _OI ; o 0'1 (with Technosphere inhaled
insulin)
Post-meal injection (n=15)
Studies Estimate (95% C.I.) ' Rcc_ords included in mcta_malysis
: (without Technosphere inhaled
Russel-Jones 2017 22 0.040 (-0.040, 0.120) . - insulin)
Klaff 2020 33 0.130 (0.040, 0.220) : : - -
Buse 201823 0.100 (0.007, 0.193) - | - (n=12)
Bode 201919 0.130 (-0.005, 0.265) ; -
Overall (I1*2=0 % , P=0.451) 0.091 (0.044, 0.138) ———— e
T T T T 1
o 0.05 o1 015 oz 025

Villar-Taibo R et al Diabetes Technol Ther 2024;26:575-586



Are New Ultra-Rapid-Acting Insulins Associated

with Improved Glycemic Control and Reduced
Hypoglycemia in Comparison to Conventional

Rapid-Acting Insulins for Individuals with Type 1

and Type 2 Diabetes? A Systematic Review
and Meta-Analysis

Hypoglycemia
The rate of severe or confirmed
hypoglycemia did not differ between
the mealtime ultra-rapid analog group
and the rapid-acting analog group
0.978 [95% CI 0.944 to 1.014]; p=0.23
Similarly, in the subgroup analysis:
T1D (0.982 [95%CI 0.946-1.020]; p=0.35)
T2D (0.956 [95%CI 0.793-1.151]; p=0.63)

TiD
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TiD

T2D
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Impact of Fast-Acting Insulin Aspart on Glycemic
Control in Patients with Type 1 Diabetes

Using Intermittent-Scanning Continuous Glucose
Monitoring Within a Real-World Setting:

The GoBolus Study

Thomas Danne, MD, Matthias Axel Schweitzer, MD,? Winfried Keuthage, MD,? Stefan Kipper, MS,?
Yasmin Kretzschmar, MD,2 Jérg Simon, f*.i'ID,4 Tanja Wiedenmann, PhD,2 and Ralph Ziegler, MD®
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ORIGINAL RESEARCH

Increased Time in Range with Ultra Rapid Lispro
Treatment in Participants with Type 2 Diabetes:
PRONTO-Time in Range

Timothy 5. Bailey - Bruce W. Bode - Qianqgian Wang - Alastair W. Knights -
Annette M. Chang
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A comparison of ultra-rapid and rapid insulin in automated
insulin delivery for type 1 diabetes: A systematic review and
meta-analysis of randomized controlled trials

Study or URAI RAI
Puguh Oktavian MD*@ | Citrawati Dyah Kencono Wungu PhD23 @ | subgroup TIR(%) TIR(%) Duration
Sony Wibisono Mudjanarko PhD?© | Indah Mohd Amin PhD"
Automatic bolus correction = No
Bode et al., 2021 77.00 77.80 4 weeks
Ozer et al., 2021 74.28 72.46 7 weeks
Hsu et al., 2021 78.40 75.30 2 weeks

Random effects model
Heterogeneity: /> = 15%, 1* = 0.5892, 32 =2.34 (p = 0.31)
Test for effect in subgroup: z = 0.50 (p = 0.617)

Automatic bolus correction = Yes

Dovc et al., 2020 54.92 57.52 27 hours
Morisson et al., 2022 85.14 86.35 6 weeks
Ware et al., 2023 64.20 64.60 8 weeks
Boughton et al., 2021 75.00 75.00 8 weeks
Royston et al., 2024 76.00 76.00 8 weeks
Thabit et al., 2023 61.80 61.50 24 hours
Pollom et al., 2023 79.40 78.70 4 days
Dovc et al., 2023 78.00 77.00 4 weeks
Lee etal., 2021 81.44 80.03 6 weeks
Beck et al., 2022 71.00 69.00 13 weeks
Nwokolo et al., 2023 78.70 76.20 8 weeks
Royston et al., 2024 80.00 77.00 8 weeks
Morisson et al., 2022 85.82 81.64 6 weeks
Russell, 2019 69.20 62.20 7 days

Random effects model
Heterogeneity: 1 = 0%, 1% = 0, %, = 8.51 (p = 0.81)
Test for effect in subgroup: z = 2.28 (p = 0.023)

Random effects model

Prediction interval

Heterogeneity: 1> = 0%, 1° = 0, 3%, = 11.45 (p = 0.78)
Test for overall effect: z =2.19 (p = 0.029)

Test for subgroup differences: ;.112 =0.35,df =1 (p =0.55)

Mean Difference
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>

L g
T T T 1
-10 -5 0 5 10
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MD

-0.80 [-3.29; 1.69]

1.82
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14.6%
7.9%
2.5%

[-1.58; 5.22]
[-2.88; 9.08]

0.55 [-1.60; 2.70] 25.1%

-2.61 [-7.67; 2.46
-1.21 [-8.41; 5.99
-0.40 [-5.28; 4.48

0.00
0.00
0.30
0.70
1.00
1.41
2.00
2.50
3.00
4.18
7.00
1.28

1.07

3.5%
1.8%
3.8%
4.6%
4.6%
1.0%
3.1%
8.4%
14.1%
20.3%

1
1
1
[-4.43; 4.43]
[-4.43; 4.43]
[-9.10; 9.70]
[-4.68; 6.08]
[-2.30; 4.30]
[-1.13; 3.95]
[-0.12; 4.12]
[-2.73; 7.73] 3.3%
[-2.44; 8.44] 3.1%
[-5.98; 14.34] 0.9%
[0.76:13.24] 2.3%
[0.18; 2.38] 74.9%

[0.11; 2.02]
[0.03; 2.10]

100.0%

Oktavian P et al. DOM 2025;27:2658-2669



A comparison of ultra-rapid and rapid insulin in automated TBR (<3.9 mmol/L)

insulin delivery for type 1 diabetes: A systematic review and All comparisons | 17 0 % . -0.35 (-0.53, -0.17)
meta-analysis of randomized controlled trials Automatic bolus correction 018
Yes 14 0 % o -0.28 (-0.49, -0.08)
No 3 0 % = -0.59 (-0.99, -0.19)
Participant 0.81
Adult 15 0 % g -0.35 (-0.53, -0.17)
Pediatric 2 0% - -0.25 (-1.09, 0.60)
Regimen 0.48
FIASP 13 0 % -u -0.31 (-0.52, -0.10)
URLI 4 1% - -0.45 (-0.79, -0.11)
Carbohydrate counting 0.11
Yes 14 0% - -0.48 (-0.72, -0.23)
No 3 0% - -0.19 (~0.45, 0.08)
Study duration 0.42
<4 weeks 7 0 % o -0.45 (-0.76, -0.14)
>4 weeks 10 0% - -0.29 (-0.51, -0.07)
TAR (>10.0 mmol/L) :
All comparisons 14 0% e -0.44 (-1.49, 0.62)
Automatic bolus correction 0.39
Yes 12 0 % i -0.98 (-2.21, 0.25)
No 2 36 % — 0.57 (-2.81, 3.94)
Participant i 0.86
Adult 12 0% — ~0.39 (-1.55, 0.76)
Pediatric 2 0 % ——— -0.65 (-3.24, 1.94)
Regimen 0.49
FIASP 11 0% i -0.92 (-2.18, 0.35)
URLi 3 28 % —— 0.12 (-2.56, 2.79)
Carbohydrate counting E 0.29
Yes 12 0% - -0.06 (-1.27, 1.16)
No 2 60 % ' - — -2.86 (-7.92, 2.20)
Study duration ! 0.90
<4 weeks 5 43 % ———— -0.90 (-3.50, 1.71)

>4 weeks 9 0 % '—l'—i -0.72 (-2.10, 0.67) Oktavian P et al. DOM 2025;27:2658-2669
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Timeline of Basal Insulin Innovation
1946

2000-2005 2015-2016 22024 72025
NPH insulin 1% generation 2 generation Once-weekly Once-weekly
basal insulin basal insulin insulin icodec insulin efsitora alfa
s analogues analogues (basal insulin Fc;
Y “N v} = P
i " A
h > < “:‘!’:{,“ *
usﬁ,u “ A > * v
Half-life 5-10 hours ~0.5 day ~1 day ~8 days ~17 days
'|
Administration OD/BID OD/BID oD ow ow
BID, twice-daily; NPH, neutral protamine Hagedom; OD, once-daily; OW, once-weakly




Insuline Ultra-Long-Acting: Razionale

Riduzione burden
terapeutico:
da 365 a 52 iniezioni/anno

Miglioramento della
qualita di vita

* Maggiore aderenza e Miglioramento outcome
persistenza terapeutica a breve e lungo termine



Insuline Ultra-Long-Acting: quali molecole?

%

Efsitora Alfa (BIF)

* Variante insulinica a singola
catena

 Fusione covalente con dominio
Fc di 1IgG2 umana

* QWINT trial program

Icodec &Y

Nuovo analogo insulinico
coniugato con acido grasso

Legame reversibile con
albumina circolante

ONWARDS trial program



Efsitora Alfa (BIF)

Linker 1
[ ) AN Omodimero selettivo per il recettore insulinico (IR)
B-chain @A—ch&:in CI_D
analogue analogue
e ;/ Emivita di 17 giorni grazie a 4 meccanismi:
| |
i * Lento assorbimento dal tessuto sottocutaneo
o * Rallentata clearance renale
* Riciclo mediato dalla via di recupero della
porzione Fc dell’lg

* Ridotta affinita di legame per IR



lcodec

Removal
Al ; of terminal
SNV EQCOOTMSNOSIL@ALENTYCN threonine
GULCOBREEOOBUGHN H BUGOCREGH UGS
B1 0
8]
09 Ho
i 3 sostituzioni aminoacidiche:
HN HN Qﬂda\'. )
R N N o - Rallentata degradazione
OH . . RN
Al e - Ridotta affinita per IR
_ - Aumento solubilita
Analogo insulinico coniugato con acido grasso C20 (700U1/ml)
Acido grasso C20:
- Legame reversibile con
albumina

- Ridotta affinita relativa con IR

Emivita di circa 8 giorni, grazie a 3 meccanismi:

* Formazione di una riserva inattiva a lento rilascio albumin-bound
* Rallentata degradazione

* Ridotta affinita di legame con IR



Insulin-naive people with T2D'

247 people with
o
* On metformin
= DPP-4i
- Glargine U100
* HbA,. 7.0-9.5%
(53-80 mmol/mal)
« Age 18-75 years
26 weeks

Trial information
Randomized, double-blind, double-dummy,
treat-to-target, parallel group
Blinded FGM (FreeStyle Libre Pro) data during
last 2 weeks of treatment

Primary endpoint
Change in HbA,_ from
baseline to week 26

lcodec
Trials clinici di fase 2 - Overview

Titration trial in insulin-naive T2D?

205 people with T2D

* On metformin 3
DPP-4i + SGLT-2i

« HbA, : 7.0-10.0%
(53-86 mmol/mol)

« Age 18-75 years

« Stralified by SGLT-2i
use

A. Icodec 21 U (ADA)
B. Icodec +28 U (ADA)

C. lcodec 128 U (Tight)
Glargine U100

16 weeks

154 people with T2D

* Treated with basal insulin
(10-50 Widay) + metformin
+ DPP-4| = SGLT-2i

« HbA, . 7.0-10.0%
(5386 mmol/mol)

« Age 18-75 years

+ Stratified by SGLT-2i use
and insulin type

lcodec LD

icodec NLD

Glargine U100

16 weeks

Trial information

* Randomized, open-label, treat-to-target
*  Double-blinded CGM (Dexcom G6*)

Trial information

Randomized, open-label, treal-to-target
Double-blinded CGM (Dexcom G6%)

Primary endpoint
TIR 3.9-10.0 mmol/L (70-180 mg/dlL)
during the last 2 weeks of treatment

Primary endpoint
TIR 3.9-10.0 mmol/L (70-180 mg/dL)
during the last 2 weeks of treatment




lcodec

Trials clinici di fase 2 - Outcomes

A Change in Glycated Hemoglobin Levels

Change (%)

0.0+

-0.54

p =0.08
Glargine

-1.0-
6.87%
6.69%
1.5 Icodec
_20 I I | I I I I |
Baseline 4 8 12 16 20 26 26*

Weeks

The NEW ENGLAND
JOURNAL o MEDICINE

sssssssssssssssss NOVEMBER 26, 2020

Once-Weekly Insulin for Type 2 Diabetes without Previous
Insulin Treatment

Julio Rosenstock, M.D., Harpreet S. Bajaj, M.D., M.P.H., Andrej JaneZ, M.D., Ph.D., Robert Silver, M.D.,
Kamilla Begtrup, M.Sc., Melissa V. Hansen, M.D., Ph.D., Ting Jia, M.D., Ph.D., and Ronald Goldenberg, M.D.,
for the NN1436-4383 Investigators*

Efficacia:
Non inferiorita di Icodec nella riduzione di HbAlc

Safety:
Non differenze significative nelle
ipoglicemie di grado 2 (<54 mg/dl) o severe



lcodec

Trials clinici di fase 2 - Qutcomes

Figure 1
100 ~
90 -

80 -

Proportion of time (%)

p=0.01

1.6

0.6

EMERGING THERAPIES: DRUGS AND REGIMENS | MARCH 19 2021

Switching to Once-Weekly Insulin Icodec Versus Once-Daily Insulin
Glargine U100 in Type 2 Diabetes Inadequately Controlled on Daily
Basal Insulin: A Phase 2 Randomized Controlled Trial ©

Harpreet S. Bajaj & (D) ; Richard M. Bergenstal (i) ; Andreas Christoffersen; Melanie J. Davies; Amoolya Gowda; Joakim Isendahl;
lidiko Lingvay @ ; Peter A. Senior; Robert J. Silver; Roberto Trevisan; Julio Rosenstock ®

0.5

¥ TAR (>10.0 mmol/L
[>180 mg/dL])

B TIR (3.9-10.0 mmol/L
[70-180 mg/dL])

B TBR (<3.9 mmol/L
[<70 mg/dL))

Icodec LD Icodec NLD

IGlar U100

Icodec LD: TIR > 70%, significativamente migliore rispetto ad Icodec NLD




I CO d e C EMERGING THERAPIES: DRUGS AND REGIMENS | MARCH 19 2021
Switching to Once-Weekly Insulin Icodec Versus Once-Daily Insulin

Tri a I S C I i n i Ci d i fa Se 2 - O utCO m e S Glargine U100 in Type 2 Diabetes Inadequately Controlled on Daily

Basal Insulin: A Phase 2 Randomized Controlled Trial ©

Harpreet S. Bajaj & ; Richard M. Bergenstal ‘2 ; Andreas Christoffersen; Melanie J. Davies; Amoolya Gowda; Joakim Isendahl;
lidiko Lingvay © ; Peter A. Senior; Robert J. Silver; Roberto Trevisan; Julio Rosenstock

-4 |codec LD —®— |codec NLD

Mean fasting SMBG (mmol/L)

(1p/8w) ©gNS Bunse) ueapy

a 9 10 11 12 13 14 15 16

—
—
N
W -
5
o
~

Time (weeks)

Loading Dose: dose aumentata del 50% alla prima somministrazione



Insulin-naive T2D

ONWARDS Program

ONWARDS 1©

Insulin-naive T2D, n=984, 78 weeks

Icodec
+non-insulin antidiabetes drugs

Insulin glargine U100
+non-insulin antidiabetes drugs

ONWARDS 3

Insulin-naive T2D, n=588, 26 weeks

lcodec
+non-insulin antidiabetes drugs

+non-insulin antidiabetes drugs

ONWARDS 5 ©)

RCT with real-world elements
Insulin-naive T2D, n=1,085, 52 weeks

lcodec with DoseGuide

Once-daily basal insulin analogues

Insulin-treated T2D

ONWARDS 2 ©Q

Basal switch T2D, n=526, 26 weeks

_ lcodec
+ non-insulin antidiabetes drugs

ONWARDS 4 ©

Basal-bolus T2D, n=582, 26 weeks
Icodec + insulin aspart +

non-insulin antidiabetes drugs

Glargine U100 + insulin aspart
tnon-insulin antidiabeles drugs

Insulin-treated T1D

ONWARDS 6 ©

Basal-bolus T1D, n=582, 52 weeks

Degludec + insulin aspart

Ilcodec + insulin aspart




Diabetologia (2024) 67:1480-1492
https://doi.org/10.1007/500125-024-06158-9

REVIEW

Once-weekly insulins: a promising approach to reduce the treatment
burden in people with diabetes

Roberto Trevisan'2® . Matteo Conti'3® . Stefano Ciardullo'*®

Trevisan R et al. Diabetologia 2024;67:1480-1492

ONWARDS Program

Baseline HbA,
(mmol/mol

Change in HbA,

(mmol/mol)

Level 2 or 3
hypoglycaemia
rate (PYE)

CGM metrics

ST | I | M= N  M——

694 68.7

030 o0.16

658 65.0

0.72 27

705 694

H

0.31

0.15

—
1.3 08

67.1 67.3
127

564 5862

26 22

744 736

H

019 0.14

59.5 599

19.93

10.73

38 29

[ once-weekly icodec [l Once-daily glargine U100

| Once-daily degiudec | Once-daily basal analogue

" %TAR (>10mmoll) | %TIR (3.8-10 mmoli)

I %TBR (<3.9 mmoln)

N




JAMA | Original Investigation

TRIALS Once-Weekly Insulin Icodec vs Once-Daily Insulin Degludec
. in Adults With Insulin-Naive Type 2 Diabetes
4 7 Dou b | e B | N d The ONWARDS 3 Randomized Clinical Trial

lidiko Lingvay, MD, MPH, MSCS; Marisse Asong, MD, MSc; Cyrus Desouza, MBBS; Pierre Gourdy, MD, PhD;
Soumitra Kar, MSc; André Vianna, MD, PhD; Tina Vilsball, MD, DMsc; Siri Vinther, MD, PhD; Yiming Mu, MD

@ Treat-to-target

~
& 588 pazienti T2D insulin-naive, > 18 anni

“:ﬁ 26 settimane

PRIMARY CHANGE IN GLYCATED HAEMOGLOBIN (HbA, ) FROM BASELINE,
ASSESSMENT BETWEEN ONCE-WEEKLY ICODEC AND COMPARATOR ONCE-DAILY DEGLUDEC
OTHER SAFETY é 8 0 0 ﬁ =S C’\@a
& EFFICACY U i @
ASSESSMENTS

FPG' BODY WEIGHT INSULIN HYPOGLYCAEMIC ADVERSE

CHANGES? DOSE! EPISODES EVENTS



P rl Ma ry E n d p 0] I nt . rl d Uz I one d I H bA 1 C gn:l‘:(leo\;\j::lkn:;s?f;:lr;ln Icodec vs Once-Daily Insulin Degludec
in Adults With Insulin-Naive Type 2 Diabetes
Icodec vs. De gl udec The ONWARDS 3 Randomized Clinical Trial

ldiko Lingvay, MD, MPH, MSCS; Marisse Asong, MD, MSc; Cyrus Desouza, MBBS; Pierre Gourdy, MD, PhD;
Soumitra Kar, MSc; André Vianna, MD, PhD; Tina Vilsbell, MD, DMsc; Siri Vinther, MD, PhD; Yiming Mu, MD

E Hemoglobin A, (HbA, /) ‘ |:| Icodec :| Degludec
124

[#9]
L
fomon
] 0o

0 10 18 26
Follow-up, wk

No. of participants
Icodec 294 281 283 283
Degludec 294 286 281 285

Non inferiorita: p<0.001

Differenza HbA1C a 26 settimane: - 0.2% Superiorita di Icodec: p=0.002



Safety endpoints: peso, ipoglicemie -

Once-Weekly Insulin Icodec vs Once-Daily Insulin Degludec
I CO d e C VS y D e g | u d e C in Adults With Insulin-Naive Type 2 Diabetes
The ONWARDS 3 Randomized Clinical Trial

IIdiko Lingvay, MD, MPH, MSCS; Marisse Asong, MD, MSc; Cyrus Desouza, MBBS; Pierre Gourdy, MD, PhD;
Soumitra Kar, MSc; André Vianna, MD, PhD; Tina Vilsbell, MD, DMsc; Siri Vinther, MD, PhD; Yiming Mu, MD

h®d Non differenze significative nella variazione del peso corporeo

A 0 episodi di ipoglicemia severa con Icodec vs. 2 con Degludec

[ 4
w Tasso di ipoglicemia di livello 2 o severa maggiore per Icodec

(0,35 PYE vs. 0,12 PYE; p = 0.01)



JAMA | Original Investigation
Once-Weekly Insulin Icodec vs Once-Daily Insulin Degludec

Additional Assessment: raggiungimento target HbDALC  inaduitswithinsulin-Naive Type 2 Diabetes
The ONWARDS 3 Randomized Clinical Trial
lcodec vs. Degludec

lidiko Lingvay, MD, MPH, MSCS; Marisse Asong, MD, MSc; Cyrus Desouza, MBBS; Pierre Gourdy, MD, PhD;
Soumitra Kar, MSc; André Vianna, MD, PhD; Tina Vilsbell, MD, DMsc; Siri Vinther, MD, PhD; Yiming Mu, MD

"

eFigure 7. Proportion of Participants Achieving HbA,. Targets With and Without Level 2 or
3 Hypoglycemia

Participants achieving target, %

HbA, <7.0% HbA,_ <6.5% HbA,  <7.0% without HbA,_=6.5% without
level 2 or 3 level 2 or 3
hypoglycemia a hypoglycemia a
N 294 294 294 294 294 294 294 294

—e— [codec  —#— Degludec

Icodec: maggiore % di pazienti a target dopo 26 settimane



TRIALS |
0 Open-label

@' Treat-to-target

“:" 580 pazienti T1D in Basal Bolus, > 18 anni

#4452 settimane

PRIMARY CHANGE IN GLYCATED HAEMOGLOBIN (HbA, ) FROM BASELINE,
ASSESSMENT BETWEEN ONCE-WEEKLY ICODEC AND COMPARATOR ONCE-DAILYGLARGINE U100, both plus ASPART
= [
OTHER SAFETY ﬁ (((Q Q0 ﬁ BT C\ fj
& EFFICACY U @ @
ASSESSMENTS
FPG' CGM BODY WEIGHT INSULIN HYPOGLYCAEMIC ADVERSE
PARAMETERS™ CHANGES* DOSE* EPISODES EVENTS



ONWARDS
TRIALS

ONWARDS-6

ONWARDS (6
. ... Basal/Bolus
Duration 26 weeks?

(Full trial: 52 weeks)
Participants 582
e 76% S
Change in “ T \/ Non inferiorita in riduzione di HbAlc
HbA1c(%)

-0.47% -0.51%
Hypo- o e e
glycaemia _19.93_

event rates’

10.37*
x Maggior tasso di ipoglicemie di grado 2 o severe

In people with type 1
diabetes



What’s next? lcoSema

IcoSema characteristics

/o\ Semaglutide s.c.
@

IcoSema is a fixed dose combination

P R
of insulin icodec and semaglutide ‘ ‘%“5"\
» .\; ¥

« Simple and convenient once-weekly

o

injection o Jf ,‘:ﬁ) ;
@ ‘-Q .

Insulin icodec
Phase 3a programme with IcoSema 350U icodec/img sema
« Aims to confirm efficacy and safety
across three global trials

+ Expected completion during 2024




Efsitora Alfa: QWINT Program

(A) Screening/ Treatment
lead-in period Follow-up
3wk 52wk Swk

Efsitora with fixed dosing*

Glargine with traditional flexible dosing

Week -3 0

1:1 randomization End of treatment period and (D) screenings

Treatment
primary assessment lead-in period Follow-up
- ) ) ) ) T 3wk 26 wi ) 5 wk

*Participants start with 100 U/week then titrate up to next dose (150 then 250 then 400 U/week) every 4 wk if targets are not met and no hypoglycaemia

Efsitora
(B) Screening/ Treatment
lead-in period Follow-up Glargine
3wk 52 WK 5wk

Week -3 o

26

| l

Efsitora

1:1 randomization End of treatment period and
Degludec

primary assessment

(E) Screening/ Treatment
1 T lead-in period Follow-up
Week -3 E 512 Tawk 52 wk T Bwk
1:1 randomization £nd of treatment period and —
R sitora
primary assessment
c Degludec
( ) sm‘eed'lli“yI Treatment Unblinded CGM
lead-in period Follow-up =
PR b [
3wk 78 wk 5wk  Week -3 -2 0 6 52
Efsitora 1:1 randomization Primary assessment End of treatment period

Week -3 0 26

2:1 randomization Primary assessment End of treatment period




A B
Once-weekly insulin efsitora alfa versus once-daily insulin §5- Baseline  Week26* 180 Baseline Week 52 10

. . . 7-89% 7-41% (A=-0-51%) 7-36% (A=-0-56%) 9-40 mmol/L 8-03 mmol/L (A= -1-47 mmol/L)
degludec in adults with type 1 diabetes (QWINT-5): a phase 3 793%  ETD0.052%(95%C1-0077t0 0181), p=043: fg O6BmmolL 826 mmol/ (A=-123 mmolf)

inferiort - 65
. . . . . . non-inferiority p<0-0001 ETD-023 ol/L (95% C1-0-61to0 0-14
randomised non-inferiority trial 80 otk e 0019 |
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Summary
Background Insulin efsitora alfa (efsitora) is a once-weekly basal insulin. This phase 3 study aimed to assess the
efficacy and safety of efsitora compared with insulin degludec (degludec) in adulis with type 1 diabetes.

55 140+

HbA. (%)

2.0 Week26 3
7-37% (A=-0-53%) 7-32% (A=-0-59%) ‘
Methods This randomised, 52-week, parallel-design, open-label, treat-to-target non-inferiority study conducted at ETD 0-056 (95% (1-0-075 0 0-187), p=0-401 A
82 global health-care centres, randomly assigned (1:1) adults {ie, those aged =18 years) with type 1 diabetes glycated 65 - c‘f“’l'("fe""“tﬁ' p=0-0003 :
haemoglobin A, (HbA,) 7-0-10.0% (53-0-85.8 mmol/mol) to efsitora (n=343) or, degludec {n=349), both in 92%51_ 0a0% (e 0
combination with insulin lispro. The primary endpoint was the change in HbA, from baseline to week-26 (non- 7Er'5D0(() ;‘ '3;30)4)5'41 (01' 3 '41[;')
inferiority margin=0- 426). The trial was registered at ClinicalTrials.gov (NCT05463744) and is completed. 042 (95% €1-0-094t0 0-178), p=0-547) 100
T 1 T T T T T 1 T T
Findings Between Aug 12, 2022, and May 7, 2024, of 893 participants enrolled, 692 (77%) participants were randomly S 12 16 26 36 = % S 1216 26 36 =
assigned to once-weekly efsitora or once-daily degludec, and 623 (90%) participants completed the study. Mean HbA, n=339 n=319 n=311 n=334 n=312 n=293
decreased from 7-88% (62-66 mmeol/mol) at baseline to 7-41% (57-5 mmeol/mol) at week 26 with efsitora and from n=343 n=328 n=315 n=344 n=323 n=311
7-94% (63-3 mmol/mol) at bascline to 7-36% (56 -9 mmol/mol) at week 26 with degludec. Mean HbA,, change from
baseline to week 26 was —0-51% with efsitora and —0-56% with degludec (estimated treatment difference 00523,
95% CI —0-077 to 0-181; p=0-43), confirming a non-inferiority margin of 0- 4% for efsitora compared with degludec.
Rates of combined level 2 (<54 mg/dL [3-0 mmol/L]} or level 3 severe hypoglycaemia were higher with efsitora
compared with :EE'UdM (14-03 vs11. 5?;:“;5’ patient Jé!:f of exposure; estimated :ﬂe ratio 1-21, 95% d(;::l 1-0410 I Time below range (<54 mg/dL) [ Time below range (54-69 mg/dL) [ Time in range (70-180 mg/dL)
1-41; p=0-016) during weeks 0-52, wi ighest rates during weeks 0-12. Severe hypoglycaemia incidence was : :
higher with efsitora (35 [10%] of 343) versus degludec (11 [3%] of 349) during weeks 0-52. Overall incidence of 3 Time above range (181-250 mg/dL) [ Time above range (>250 mg/dL)
Eﬂ?ﬂfﬁmﬂdmemswas similar across treatment groups. One death not related to the siudy treatment Baseline Week 26 Week 52

Interpretation In adults with type 1 diabetes, once-weekly efsitora showed non-inferior HbA, reduction compared LLLS ] N
with daily insulin degludec. Higher rates of combined level 2 or level 3 hypoglycaemia and greater incidence of severe 189% —20% 19% 189% 21% 21%

(low/jowiw) *yqH

Week 26 —7
120 7-98 mmol/L (A= -1-52 mmol/L)
8-03 mmol/L (A=-1-47 mg/dL)

45 ETD -0-05 mmol/L (95% C1-0-42 to 0-32) N
p=0-78

Fasting blood glucose (mg/dL)
(7/joww) 3s03n|6 poo|q Bunsey

6-0

hypoglycaemia in participants treated with efsitora compared with participants treated with degludec might suggest
the need for additional evaluation of efsitora dose initiation and optimisation in people with type 1 diabetes. 80— - =

rf — 28y —26% —26% - 26%

Participants, n (%) Episodes (rate per Participants, n (%) Episodes (rate per Estimated relative rate
patient-year patient-year (95% CI); p value
exposure) exposure)

—-26% - 27%

Efsitora (n=343) Degludec (n=349) Efsitora vs Degludec 60 _

(%)

Hypoglycaemic episodes (overall)
Level 1 hypoglycaemia —52% —51% —53% —53% —50% —50%
Week 0-26 339 (99%) 7474(46-04) 333 (95%) 6586 (3913) 118 (1-05-1:32); p=0-0055 20 - =
Week 0-52 340 (99%) 12299 (39-19) 337 (97%) 11122 (33-99) 115 (1-03-1-29); p=0-016 2% 204 3% 2% 2% 2%
Combined level 2 or level 3 severe hypoglycaemia / 0-6% / 0-6% / 0-89% / 0-7% / 0-7% / 0-6%
Week 0-26 293 (85%) 2662 (17-19) 289 (83%) 2319 (14-06) 122 (1.04-1-43); p=0-013 0 T ] T 1 T 1
Week 0.52 305 (89%) 4175 (14:03) 306 (88%) 3740 (1159) 121 (1-04-1-41); p-0-016 Efsitora Degludec Efsitora Degludec Efsitora Degludec
Level 3 severe hypoglycaemia
Week 0-26 28 (8%) 35(0-21) 9(3%) 11 (0-06) 3-23 (1-42-7:38); p=0-0052
Week 0-52 35 (10%) 44 (014) 11(3%) 13 (0-04) CM (1-64-7-19); p=0-0011 Be rgenSta| RM et al. La ncet 2024,404 1132'42




Le nuove insuline ultrarapide

Conclusioni

Insulin 2017
Insulin regular Insulin lispro glulisine Faster-acting
(Humulin R) (Humalog) (Apidra) insulin aspart
1983 1996 2004 (Fiasp)
1991 Insulin 2002 2017 2020
regu!ar Insulin aspart Insulin lispro, Insulin lispro-
(Novolin R) (Novolog) biosimilar aabc
(Ademolog) (Lyumijev)
FIGURE 1 Timeline of U.S. Food and Drug Administration approval of bolus insulins (6).
1946 2000-2005 2015-2016 22024 22025
- '
i - \
| @) @) ® | )
l l l d
NPH insulin 1t generation 2 generation Once-weekly Once-weekly
basal insulin basal insulin insulin icodec insulin efsitora alfa
- analogues analogues (basal insulin Fc;
. BIF)
<, % Ay g
s} i/' L ) "‘vi.
% =] @
Half-life 5-10 hours ~0.5 day ~1 day ~8 days ~17 days
Adnirliﬂmfuf oD/BID oD/BID oD ow ow

BID, twice-daily; NPH, neutral protamine Hagedom; OD, once-daily; OW, once-weekly.

Trasportatore
del glucosio

Canale del Ca2+
weltaggiodipendente
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