CONGRESSO REGIONALE
SID—AMD MARCHE 2025 fondeta il 155 Societd ltaliana

di Diabetologia

LAPERSONA

NELL' ERA B) =
INTELLIGENZA
ARTIFICIALE

Paola Canibus

Nuove teraiein diabetologia:
1 le insuline
L ) Gabriella Garrapa

JESI (AN) | 11 ottobre 2025 /2,
Hotel Federico ll




DISCLOSURES

* La dr./ssa GARRAPA GABRIELLA dichiara di aver ricevuto negli ultimi due anni compensi o
finanziamenti dalle seguenti Aziende Farmaceutiche e/o Diagnostiche:

* LILLY
* SANOFI
 ABBOTT

* Dichiara altresi il proprio impegno ad astenersi, nelllambito dell’evento, dal nominare, in
qualsivoglia modo o forma, aziende farmaceutiche e/o denominazione commerciale e di
non fare pubblicita di qualsiasi tipo relativamente a specifici prodotti di interesse sanitario
(farmaci, strumenti, dispositivi medico-chirurgici, ecc.).



Advances

Past and future advances in insulin development
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Half-life

Administration

L'innovazione nella terapia insulinica basale

NPH insulin

5-10 hours

OD/BID

15t generation
basal insulin
analogues

~0.5 day

OD/BID

Ultra long-acting
basal insulin
analogues

e

v
7 é.

~1 day

oD

Once-weekly
insulin icodec/BIF

* BID, twice-daily; NPH, neutral protamine Hagedorn; OD, once-daily; OW, once-weekly

Insuline basali di nuova generazione: I'elogio della...

lentezza!



Insulina Descrizione

Analogo insulinico basale a
lunga durata d’azione

Degludec

¢ o « L . _ Formulazione 3 volte

Ana |Ogh| INSU | INICI Glargine U-300 concentrata di glar;ine U-100
basali di Seconda

Generazione

* Le nuove insuline Degludec e Glargine U300 sono caratte-

rizzate da una maggiore durata d'azione e una minore va-

riabilita glicemica rispetto a Glargine U100
A



Real-World Effects of Second-Generation Versus
Earlier Intermediate/Basal Insulin Analogues on Rates
of Hypoglycemia in Adults with Type 1 and 2 Diabetes
(iNPHORM, US)

Table 4 Population-average adjusted hypoglycemia rate ratios comparing second-generation to earlier intermediate/basal
insulin analogue use, by type of diabetes, event severity, and timing

Type of Estimated population-average adjusted rate ratios (95% CI)
hypoglycemia
All (2 = 413) TIDM (2 = 81) T2DM (n = 332)

Non-severe p-value p-value p-value
Overall 0.81 (0.68-0.97)  0.02* 0.85 (0.62-1.17)  0.33 0.81 (0.66-1.00)  0.05
Daytime 0.91 (0.76-1.10) 0.32 0.94 (0.67-1.31) 0.72 0.92 (0.73-1.15) 0.45
Nocturnal 0.57 (0.44-0.74) < 0.001* 052 (0.34-0.81)  0.003*  0.63 (0.46-0.86)  0.004*

Severe p-value p-value p-value
Overall 0.87 (0.65-1.16)  0.35 052 (0.26-1.07)  0.07 0.97 (0.70-1.36)  0.88
Daytime 0.98 (0.71-1.36) 091 0.60 (0.27-1.33) 0.1 1.10 (0.76-159)  0.60
Nocturnal 0.56 (0.35-0.90)  0.02" 023 (0.06-0.93)  0.04* 0.63 (0.38-1.06)  0.08

Diabetes Ther (2023) 14:1299-1317

This study evaluates the impact of second-
generation insulins (insulin degludec and
glargine U-300) versus earlier intermediate
and basal insulins (NPH, insulin glargine
U-100 and detemir, premixed and fixed-
ratio [FRC] insulins) on rates of overall,
daytime, and nocturnal non-severe and
severe hypoglycemia

What was learned from the study?

The most salient effects were observed for
nocturnal hypoglycemia. Overall, second-
generation insulin versus earlier
intermediate/basal insulin users reported
a 43% reduction in non-severe nocturnal
hypoglycemia (p < 0.001) and a 44%
reduction in severe nocturnal
hypoglycemia (p = 0.02). These trends
persisted across diabetes types

Among patients with either type 1 or 2
diabetes mellitus on basal insulin (with or
without bolus), the use of second-
generation basal insulins over earlier
formulations should be prioritized
whenever possible



Glycaemic control, risk of hypoglycaemia and all-cause mortality in
new users of second-generation basal insulin with type 2 diabetes and chronic kidney disease:

a nationwide register-based cohort study
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Deg-100 and Gla-300 are equally effective and safe in a population with T2D and CKD
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Conclusions/interpretation We found no difference in HbA_ reduction, hospitalisation for hypoglycaemia or all-cause
mortality between Gla-300 and Deg-100 in a real-world population of new users with type 2 diabetes and moderate to end-
stage chronic kidney disease. Therefore, we conclude that these two treatment options are equally effective and safe in this

vulnerable population.
Diabetologia Published online: 28 July 2023



Relative plasma insulin levels

Once daily basal insulins*

Longer duration of action

Once weekly basal insulins*

~ NPH
— |Det » Flatter pharmacokinetic profiles
— |Glar U100 * Reduced variability
— |Glar U300 * Reduced injection burden
— |Deg
Basal glucose
excursions
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Time after injection Endocrine Reviews, 2024,



FREQUENCY OF FREQUENCY OF
INJECTIONS INJECTIONS
Requires daily injections Requires only one

PATIENT ADHERENCE
PATIENT ADHERENCE More flexibility in dosing
Fear of needles, painful timing may help reduce

injections, and social

dosing errors or skipped

lead i doses, improving treatment
omitted dom. © Dally VS oses!anoearur;gamerm
Weekly
Insulin
PATIENT BURDEN PATIENT BURDEN
At least 365 basal insulin 52 basal insulin injections
injections per year. per year.

o

o

GLYCEMIC CONTROL GLYCEMIC CONTROL
Potential risk of Improvemnent on HbA1c
hypoglycemia due to peak- levels and TIR*

to-trough fluctuations.*

Comparison of daily and
weekly insulin regimens

Diabetology & Metabolic Syndrome

(2025)




* Once-weekly insulins provide a

unique opportunity to simplify Molecular and pharmacokinetic features of icodec and BIF.
basal insulin therapy and to

allow good glycaemic control

hypoglycaemia
Linker 1
Removal
Al of terminal
@DHVEQOODEHDOHLEALENTON) freon e B

B29 analogue

* As most peptides have a
relatively short half-life,
substantial structural changes
to the insulin molecule are

Linker 2

| om H_- 19G2 Fc

required to achieve the G20 icosane fatty diacid

pharmacokinetic properties

necessary to ensure a flat Covalently bound to C20 icosane fatty diacid Single-chain insulin molecule bound to

profile for at least 1 week. IgG2 Fc domain

Strong, reversible binding to albumin
Homodimer, molecular mass 64.1 kDa

. . . Half-life: 8.2 days
e The ways in which this has / Half-life: 17 days

been achieved for icodecand /\ )
BIF are very different

|efsi-tor-a'= Ec-receptor-agonist|

=]

Diabetologia (2024)



Pharmacodynamic modelling showed an increase in
glucose-lowering effect over time in T2D

Based on phase 1 clinical data
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Fig. 5. Concentration of daily basal insulin glargine profiles and weekly basal insulin profiles simulated over 12 weeks with and without a one-time starting dose for (A) efsitora or
(B) icodec and (C) glargine, icodec, and efsitora over 1 week at steady state.

Between Day Variability and Impact on Glycemic Control

The flat and prolonged exposure profile of a weekly basal insulin
can provide a consistent level of insulin from day-to-day over the

Beyond reaching efficacious levels more quickly, the time to course of a weekly dosing regimen compared to daily basal insulin
reach pharmacokinetic steady state or a stable dose can also be (Fig. 5 C). This reduces within-day and between-day glycemic

shorter with the use of a one-time starting dose than without one yanability ohserved when usme iy basalmsulins: This s exs
: pected to manifest as a more consistent glycemic profile and has

the potential to lower the risk of hypoglycemia compared to daily
basal insulins.

Endocrine Practice 30 (2024)



Insulin-naive experienced
2
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Treatment of T2D patients with
M= M=
4 [

HbA, :7.0-10.0%

HbA, :7.0-11.0% HbA, > 7.0%
Glargine U100 Icodec ONWARDS 1 ONWARDS 3 ONWARDS 5* ONWARDS 2 ONWARDS 4
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\ o7 7 \ /
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decd
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Weekly Fixed-Dose Insulin Efsitora in Type 2 Diabetes
without Previous Insulin Therapy
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Figure 1. Fixed-Dose Regimen for Efsitora.

In this trial involving participants with type 2
diabetes who had not previously received insulin,
once-weekly efsitora administered in a fixed-dose
regimen was noninferior to once-daily glargine in
reducing glycated hemoglobin levels at 52 weeks.




Once-weekly insulins: a promising approach to reduce the treatment

burden in people with diabetes

Diabetologia (2024)

Table 2 Summary of Phase III clinical programmes icodec (ONWARDS) and BIF (QWINT)

Trial Design No. of Population Comparator Baseline treatment Dur.
partici- (wee
pants

Icodec

ONWARDS 1 [31] Open label 984 Insulin-naive participants Glargine UI00  Any non-insulin drugs 78
with T2D

ONWARDS 2 [32] Open label 526 Insulin-treated participants Degludec Basal insulins + non-insulin 26
with T2D glucose-lowering agents

ONWARDS 3 [29] Double-blind 588 Insulin-naive participants Degludec Any non-insulin drugs 26
with T2D

ONWARDS 4 [33] Open label 582 Insulin-treated participants Glargine U100 Multiple daily insulin injections 26
with T2D + non-insulin drugs

ONWARDS 5 [30] Open label 1085 Insulin-naive participants Glargine Any non-insulin drugs 52
with T2D U100/300 and

degludec
ONWARDS 6 [34] Open label 583 Participants with T1D Degludec Multiple daily insulin injections 52
BIF

QWINT-1 [38] Open label 670 Insulin-naive participants Glargine U100 At least one glucose-lowering 52
with T2D medication

QWINT-2 [41] Open label 912 Insulin-naive participants Degludec At least one glucose-lowering 52
with T2D medication

QWINT-3 [42] Open label 986 Insulin-treated participants Degludec Basal insulins + up to three 78
with T2D non-insulin drugs (except

SUs)

QWINT-4 [40] Open label 670 Insulin-treated participants Glargine U100  Multiple daily insulin injections 26
with T2D

QWINT-5 [39] Open label 670 Participants with T1D Degludec Multiple daily insulin injections 52

Fig.3 Main results of the Phase III ONWARDS programme evalu-

ating the safety and efficacy of once-weekly icodec compared with
once-daily glargine, degludec or a basal analogue in individuals with

type | and type 2 diabetes. The numbers at the top of the figure cor-
respond to the different ONWARDS trials (1-6 [29-34]). Features of
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Insulin Efsitora versus Degludec in Type 2

Diabetes without Previous Insulin Treatment
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Table 2. Hypoglycemic Episodes.*

Variable

Overall hypoglycemic episodes
Hypoglycemia alert

Clinically significant hypoglycemiaz
Severe hypoglycemiaf

Combined clinically significant or
severe hypoglycemiaz

Noctural hypoglycemic episodes

Combined clinically significant or
severe hypoglycemiaz

Degludec
(N=462)

Efsitora
(N =466

No. of No. of Episodes No. of No. of Episodes

Participants (%) (Events/PYE) Participants (%) (Events/PYE)
297 (63.7) 1811 (4.15) 249 (53.9) 1485 (3.36)
130 (27.9) 253 (0.58) 97 (21.0) 190 (0.43)

0 (o] 6 (1.3) Cedoy
130 (27.9) 0.58) 102 (22.1) .45)
23 (4.9) 32 (0.08) 23 (5.0) 35 (0.08)

Estimated Rate
Ratio (95% CI)f

1.24 (0.99-1.55)
1.34 (0.97-1.85)

1.30 (0.94-1.78)

1.01 (0.53-1.89)

CONCLUSIONS

In adults with tyvpe 2 diabetes who had not previously received insulin, once-weekly

efsitora was noninferior to once-daily degludec in reducing glycated hemoglobin
levels. (Funded by Eli Lilly; QWINT-2 ClinicalTrials.gov number, NCT05362058.)
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Figure 1. Efficacy Outcomes among Participants Who Received Once-Weekly Efsitora or Once-Daily Degludec.
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Once-weekly insulin efsitora alfa versus once-daily insulin
glargine U100 in adults with type 2 diabetes treated with
basal and prandial insulin{QWINT-4): a phase 3, randomised,

non-inferiority trial

thelancet.com Published online June 22, 2025

Implications of all the available evidence
This randomised trial in adults with type 2 diabetes showed
non-inferior glycaemic control of efsitora compared with

glargine U100. In combination with other phase 2 and 3 studies,

our results highlight the efficacy and safety of efsitoraas a
treatment for type 2 diabetes and the possibility of once-weekly
basal insulin to reduce the burden on people with diabetes.
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Figure 2: Key efficacy outcomes among participants who received at least one dose of efsitora and glargine U100
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Once-weekly insulin efsitora alfa versus once-daily insulin
degludec in adults with type 1 diabetes {(QWINT-5): a phase 3
randomised non-inferiority trial “

thelancet.com Vol 404 September 21,2024

C Efsitora/a=343)

Degludec (n=349)

Efsitora vs Degludec

Participants, n (%)  Episodes (rate per Participants, n (%) Episodes (rate per Estimated relative rate
patient-year patient-year (95% C1); p value
exposure) exposure)
Hypoglycaemic episodes (overall)
Level 1 hypoglycaemia
Week 0-26 339 (99%) 7474 (46-04) 333(95%) 6586 (39-13) 118 (1-05-1-32); p=0-0055
Week 0-52 340 (99%) 12299 (39-19) 337(97%) 11122 (33-99) 115 (1-03-1-29); p=0-016
Combined level 2 or level 3 severe hypoglycaemia
Week 0-26 293 (85%) 2662 (17-19) 289 (83%) 2319 (14-06) 122 (1.04-1-43); p=0-013
Week 0-52 305 (89%) 4175 (14-03) 306 (88%) 3740 (11-59) 121 (1-04-1-41); p=0-016
Level 3 severe hypoglycaemia
Week 0-26 28 (8% 35(021) 9(3%) 11 (0-06) 323 (1-42-7-38); p=0-0052
Week 0-52 3 44(0-14) 11(3%) 13 (0-04) 3-44 (1-64-7-19); p=0-0011

Interpretation In adults with type 1 diabetes, once-weekly efsitora showed non-inferior HbA, reduction compared
with daily insulin degludec. Higher rates of combined ievel 2 or ievel 3 hypogiycaemia and greater incidence of severe
hypoglycaemia in participants treated with efsitora compared with participants treated with degludec might suggest

HbA, (%)

A
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the need for additional evaluation of efsitora dose initiation and optimisation in people with type 1 diabetes.



(A) Hypoglycemia level 1

Events Events PY PY
Study Weekly Daily Weekly Daily Incidence Rate Ratio IRR 95% Cl Weight
Kazda et al. 2023 7617 6508 69.5 63.0 1.061 [1.026; 1.097] 33.2%
Russell-Jones et al. 2023 20406 14819 318.8 320.1 1.382 [1.353;1.412] 33.5%
Bergenstal et al. 2024 12299 11122 343.0 349.0 1.125 [1.097; 1.154] 33.4%
Random effects model = 1.182 [1.010; 1.384] 100.0%
Prediction interval —— [0.594; 2.353]
Heterogeneity: 1 = 99.2%, t* = 0.0192, p < 0.0001
0.5 1 2
Daily Weekly
(B) Hypoglycemia level 2
Events Events PY PY
Study Weekly Daily Weekly Daily Incidence Rate Ratio IRR 95% Cl Weight
Kazda et al. 2023 1397 1159 69.5 63.0 [ 1.092 [1.011;1.181] 23.2%
Russell-Jones et al. 2023 5047 2811 318.8 320.1 i 1.802 [1.721;1.887] 23.7%
Bergenstal et al. 2024 4131 3727 343.0 349.0 i 1.128 [1.079;1.179] 23.7%
Hovelmann et al. 2024 333 61 102 25 —— 1.372 [1.044; 1.804] 16.9%
Eto et al. 2025 138 28 37 09 — 1.219 [0.813; 1.828] 12.5%
Random effects model O 1.306 [1.061; 1.608] 100.0%
Prediction interval — [0.668; 2.551]
Heterogeneity: /2 = 98.4%, v = 0.0470, p < 0.0001
0.5 1 2
Daily Weekly
(C) Hypoglycemia level 3 IRR
Events Events PY PY
Study Weekly Daily Weekly Daily Incidence Rate Ratio IRR 95% Cl Weight
Kazda et al. 2023 1 2 69.5 63.0 — 0.453 [0.041; 4.998] 5.2%
Russell-Jones et al. 2023 56 25 318.8 320.1 : 2.249 [1.403; 3.603] 62.0%
Bergenstal et al. 2024 44 13 343.0 349.0 = 3.444 [1.855; 6.394] 32.0%
Hovelmann et al. 2024 1 0 102 25 A 2.750 [0.004; 1781.389]  0.4%
Eto et al. 2025 0 0 3.7 09 T 0.249 [0.000; 1597.488]  0.4%
I
I
Common effect model ¢ 2.532 [1.758; 3.645] 100.0%
Prediction interval = [1.372; 4.601]
Heterogeneity: /2 = 0.0%, v = 0.0079, p = 0.4881
0.001 0.1 1 10 1000
Daily Weekly
(D) Hypoglycemia level 3 ERR
Weight
Study logRR SE(logRR) Estimated Rate Ratio ERR 95% Cl (common)
Russell-Jones et al. 2023 0.6313 0.6964 ——'—Q— 1.880 [0.480; 7.361] 22.7%
Bergenstal et al. 2024 1.2355 0.3770 - 3.440 [1.643; 7.203] 77.3%
1
1
Common effect model < 3.000 [1.566; 5.745] 100.0%
Prediction interval [0.044; 202.650]
T T T 1
0.01 041 1 10 100
Heterogeneity: 12 = 0.0%, t° = 0, p = 0.4455 Daily Weekly

Efficacy and sgf_e_t_y\ of once-weekly basal insulin therapy in
people with @e/l  diabetes: A systematic review and meta-
analysis

Results: Five RCTs were included, enrolling 1629 adults living with type 1 diabetes.
Once-weekly and once-daily basal insulins had similar effects on HbA1c (high cer-
tainty), body weight (moderate certainty), time in range (moderate certainty) and time
above range. However, safety concerns emerged due to increased rates of level
3 hypoglycaemia (incidence rate ratio 2.532, 95% confidence interval [CI] 1.758-
3.645; moderate certainty). A significantly lower weekly bolus insulin dose was
observed with once-weekly basal insulir therapy (estimated treatment ratio 0.837,
95% Cl 0.794-0.882, I = 0%; high certainty).

Conclusions: This meta-analysis is the first to evaluate the efficacy and safety of
once-weekly basal insulin therapy exclusively in adults with type 1 diabetes and
including all published RCTs. The analysis demonstrated a similar glucose-lowering:
effect compared to once-daily basal insulin but revealed an increased occurrence of

severe hypoglycaemia.

Diabetes Obes Metab. 2025;



Continuous Glucose Monitoring-Based Metrics and Hypoglycemia Duration in Insulin-Experienced
* Individuals With Long-Standing Tvpe 2 Diabetes Switched From a Daily Basal Insulin to
Once-Weekly Insulin Icodec: Post Hoc Analysis of ONWARDS 2 and ONWARDS 4

(' STUDY DESIGN Trial treatment Follow-up
Post hoc analysis of CGM data from
ONWARDS 2 and ONWARDS 4, o
= two 26-week, randomized, tE.’J -S Switch End of treatment Follow-up
Ci— treat-to-target, phase 3a trials OB Weeks 0—4 Weeks 22-26 Weeks 27-31
o
PARTICIPANTS AND INTERVENTIONS RESULTS: ONWARDS 2 and 4, across all three CGM periods

~

ONWARDS 2 ONWARDS 4 No statistically significant between-arm differences in TIR,

. . and TBR (<3.0 mmol/L).2 TBR (<3.9 mmol/L and <3.0 mmol/L)
Adults with long-standing T2D . L f 12
o000 HbA,: 7.0-10.0% remained within internationally recommended targets. )
wnwn‘ : : Basal + bolus ~
Basal insulin .
treated (2-4 times per day) Median duration of overall hypoglycemic episodes (<3.9 mmol/L for
Basal insuli Insulin treated 215 consecutive min) was =40 min and was comparable across arms.
asal insulin Once-weekly icodec + -
Ones smekly x
. Vs. VS, Across arms, 70-80% of CGM-derived overall hypoglycemic episodes
D’abefes Care 2024 Once-daily g:“‘;?‘;da'%o (<3.9 mmol/L) did not include level 2 hypoglycemic periods
: degludec 9 +gaspart (<3.0 mmol/L for 215 consecutive min).?

J

In insulin-experienced participants with long-standing T2D, the TIR, TAR, and CGM-derived hypoglycemia (<3.9 mmol/L) duration were

comparable for icodec and once-daily basal insulins, and TBR remained within internationally recommended targets'?

1. Battelino T et al. Lancet Diabetes Endocrinol 2023;11:42-57. 2. Battelino T et al. Diabetes Care 2019;42:1593—1603.%n the end of treatment period of ONWARDS 2, mean TBR (<3.9 mmol/L) was statistically significantly higher with icodec (1.3%)
versus degludec (0.8%); no statistically significant between-arm differences were found during other periods of ONWARDS 2 or in ONWARDS 4.*Level 1 hypoglycemic episodes were defined as glucose <3.9 mmol/L for 215 consecutive min (without
any periods of 215 consecutive min spent with sensor glucose <3.0 mmol/L), ending at the start of the first 15-min period when sensor glucose levels had been 23.9 mmol/L. Aspart, insulin aspart; CGM, continuous glucose monitoring; degludec, insulin
degludec; glargine U100, insulin glargine U100; HbA,_, glycated hemoglobin; icodec, insulin icodec; T2D, type 2 diabetes; TAR, time above range (>10 mmol/L); TBR, time below range (<3.9 mmol/L); TIR, time in range (3.9-10 mmol/L)

ARTICLE HIGHLIGHTS

* Why did we undertake this study?
Continuous glucose monitoring data provide a detailed understanding of the efficacy and safety of once-weekly insulin icodec (icodec).

* What is the specific question we wanted to answer?
This post hoc analysis investigated continuous glucose monitoring—based time in range, time above range, time below range, and hypoglycemia
duration during three periods of two phase 3a trials in insulin-experienced individuals with long-standing type 2 diabetes.

* What did we find?
In both trials, time in range, time above range, and median hypoglycemia duration were comparable for icodec versus once-daily insulin
comparators (insulin degludec and insulin glargine U100); time below range remained within consensus targets.

* What are the implicatione of aur findinas?
The findings support the efficacy and safety of switching to icodec in insulin-experienced individuals with type 2 diabetes.



Continuous Glucose Monitoring-Based Titration
of Once-Weekly Insulin Icodec in Insulin-Naive Individuals =
with Type 2 Diabetes (ONWARDS 9): A Phase 3b,

- - - - - i
Multicenter, Single-Arm, Treat-to-Target Clinical Trial : . FIG. 3. Observed weekly inguin
z dose from week 0 to week 26.
- Baseline HbA,, —0 g Observed data from the safety anal-
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icodec resulted in a statistically significant reduction in 2 o = //f—\\)
—— . . - - . . = = TIR 76.4% o
HbA Ic from baseline to week 26. Moreover, the internation- 5 (\\/'
ally recommended CGM targets for TIR, TAR >180 mg/dL, jg o B @ _—
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FIG. 2. Observed CGM meirics at baseline (week —2 to 0) and during the last 4 weeks of treatment (week 22-26)
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. . . In conclusion, the efficacy and hypoglycaemia outcomes with
Efficacy and hypoglycaemia outcomes with once-weekly

insulin icodec versus once-daily basal insulin in individuals
with type 2 diabetes by kidney function: A post hoc

participant-level anaiysis of the ONWARDS 1-5 trials less of kidney function. These findings suggest that no adjustments to
the initiation dose or titration of icodec would be necessary based on

once-weekly icodec versus OD comparators were generally consistent

among insulin-naive and insulin-experienced adults with T2D, regard-

Diabetes Obes Metab. 2025 : )
kidney function.

® Normal kidney function (eGFR =90) ® Moderate kidney function impairment (eGFR 30-<60)
Mild kidney function impairment (eGFR 60-<90) M Severe kidney function impairment (eGFR <30)

o)
<
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Insights on Hospitalisations from the Phase 3a
ONWARDS 1-6 Trials of Once-Weekly Insulin Icodec

CONCLUSIONS

Table 3 Participant-reported hypoglycacmia before, during, and after the hospitalisation period in ONWARDS 1-5

(T2D) and ONWARDS 6 (T1D)
ONWARDS 15 (12D) ONWARDS 6 (T1D) In conclusion, the number and duration of hos-
Once-weekly icodec (= 165) Once-daily comparators® (s =159)  Once-weekly icodec (=15) Once-daily comparator® (2 = 15) pita lisations were similar for once-wee kly icodec
N e e N e e N e e Y e and once-daily comparators, with most partici-
4wecks before hospialisation pants continuing their assigned treatment to the
Fypoghycaemiaalere 32(194) - 88 (7.18) 1504 202) 12800) 6B (e148) 133 - 37027) end of the trials despite hospitalisation. Hospi-
Clincallysignifeane 424)  10(0.8) 309 7061 67 23079) seen 63 talisation did not appear to have a substantial

l‘lypugly(acmiad

e o o "o o o oo oo "o impact on glyca.em.lc contrc.)l or hypoglycafzmla
Clinically significane 4 (2.4) 10(0.82) 3(19) 7(0.61) 4(267) 23 (20.79) 4(267) 6(5.31) pr ofiles in hospltahse‘d PafthIPantS from either

treatment group. These findings suggest that
once-weekly icodec treatment is not associated

During hospitalisation

Hypoglycaemia alere 17 (10.3) 29(7.72) 8(5.0) 14(3.80) 4(26.7) 7 (13.60) 7 (46.7) 14 (34.79)

vl with a prolonged duration of stay for hospital-
Clricly sgrifege 109 503 0000 B 268 Hem e ised individuals with T2D or T1D, and its use
Severest 00 0 108 102) 3200 4077 16D 1) does not elicit worse efficacy or safety outcomes
Clinicalysgnifianc 1(06) 5 (133 08 10027) 5333 601169 2033 2049 than those elicited with once-daily comparators
ek s dischacge during and around hospitalisation in a clinical
Hpohcmade SLSH 89732 %152 34(290) Ny 6(566) 10(667) 35 (3040 trial setting. This post hoc analysis suggests that
c:n:;lys;g,,;ﬁm ey mi ue s sy mons con 5o once-weekly icodec could be managed in a simi-

hypogycacrmia’ lar way to once-daily insulin analogues during
e e i hospitalisation.

or severe™®

Diabetes Ther (2025)



The effect of once-weekly insulin icodec vs once-daily basal insulin
on physical activity-attributed hypoglycaemia in type 2 diabetes:
a post hoc analysis of ONWARDS 1-5
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Number of physical

activity-attributed
episodesftotal number
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Insulin-naive individuals
B Icodec

@ OD comparator

Diabetologia 2025

Insulin-experienced individuals

31.0
18.9 10.0 226 206 191 19.8
136 12.7 183 13.1

Alert Clinically Alert Clinically Alert Clinically Alert Clinically Alert Clinically
value significant value significant value significant value significant value significant
or severe or severe or severe or severe or severe

ONWARDS 1 ONWARDS 3 ONWARDS 5 ONWARDS 2 ONWARDS 4

(78 week trial) (26 week trial) (52 week trial with (26 week trial)

Icodec

real-world elements)

Icodec
with a

dosing
guide app

(26 week trial) ’ .

Hypoglycaemia alert ~ 314/2308  136/1067  43/400 20/185  106/1028  130/851  158/1200  112/589  1191/5264 853/4145
value (13.6%)  (12.7%)  (10.8%)  (10.8%)  (10.3%)  (16.3%)  (13.1%)  (19.0%)  (22.6%)  (20.6%)
Clinically significant 23/226 81114 10/53 2/23 10/104 7176 11113 13/41 180/937  186/935
hypoglycaemia (10.2%) (7.0%) (18.9%)  (8.7%) (9.6%) (9.2%) (9.7%) (31.7%)  (19.2%)  (19.9%)
Severe 17 o7 0/0 02 0/0 0/5 0/0 01 o7 0/3
hypoglycaemia (100.0%)  (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)

Research in context

What is already known about this subject?

e  During physical activity, increased glucose utilisation and enhanced insulin sensitivity can lead to hypoglycaemia
in people with diabetes treated with insulin

& Once-weekly basal insulin usage could increase the physical activity-attributed hypoglycaemia risk in type 2
diabetes because the administered levels cannot be reduced in anticipation of increased physical activity

What is the key question?

* Does once-weekly basal insulin icodec (herein referred to as ‘icodec’) increase physical activity-attributed
hypoglycaemia in adults with type 2 diabetes vs once-daily basal insulin?

What are the new findings?

* Ina post hoc analysis of the ONWARDS 1-5 Phase 3a randomised controlled trials, which compared the efficacy
and safety of icodec vs once-daily basal insulin comparators in insulin-naive (ONWARDS 1, 3 and 5) and insulin-
experienced (ONWARDS 2 and 4) adults with type 2 diabetes, there were no consistent differences in the
proportions of hypoglycaemic episodes attributed to physical activity between treatment groups across all five
trials

®  Across all trials, there were no consistent differences in the proportions of physical activity-attributed
hypoglycaemic episodes with icodec vs the once-daily insulin comparators, and these episodes were mainly
driven by alert value (blood glucose <3.9 mmol/l but =3.0 mmol/l) or clinically significant (blood glucose <3.0
mmol/l) hypoglycaemia

e There were no statistically significant differences in the odds of experiencing a physical activity-attributed clinically
significant or severe hypoglycaemic episode with icodec vs once-daily insulin comparators

How might this impact on clinical practice in the foreseeable future?

These findings do not suggest an additional increase in the risk of physical activity-attributed hypoglycaemia with
icodec vs once-daily basal insulins in adults with type 2 diabetes



These unique insights from insulin-naive and insulin-experienced
participants with T2D from ONWARDS 5 and ONWARDS 2, as well as
from physicians participating in ONWARDS 1, demonstrate clinically
meaningful improvements in treatment satisfaction, strong preferences @
for once-weekly basal insulin and enhanced treatment compliance with
once-weekly basal insulin. These results suggest the potential for
tailored approaches to diabetes care, offering a suitable treatment op-
tion for individuals with T2D.

A
Based on your experience before and during
the trial, which insulin do you prefer?
No strong
100 4 9.7 preference
¥ (2.9 %)
Strong
_ preference
X 75 (23.0 %)
2]
€
5]
a2
8
§ 50
a
k] Very strong
_5 preference
£ (74.1 %)
g 25 4
o
24 3.9
0 4
No preference Daily insulin Once-weekly insulin
(before the trial) (during the trial)
B
What are the two main reasons for the preference
for once-weekly insulin?
Frequency of
injections

Ease of use

Better control
of blood sugar

Fits well into
daily activities

Less
emotional impact

Pain related
to injection
Other
F T T 1
0 25 50 75
Proportion of participants (%)
Fig. 2. Insulin Preference Questionnaire results from ONWARDS 2 (insuli perienced ici ) indicating (A) overall insulin preference and (B) reasons for the

preference for once-weekly basal insulin given by participants who had received once-weekly icodec. All 239 participants who preferred once-weekly insulin
nrovided two main reasons for their nreference selection. Ieadee. insulin iendec.

Improved treatment satisfaction with once-weekly insulin icodec compared
with once-daily basal insulin in individuals with type 2 diabetes: An
analysis of patient-reported outcomes and participant interviews from
ONWARDS 2 and 5 and a physician survey from ONWARDS 1

Diabetes Research and Clinical Practice 217 (2024)

A ETD (95 % Cl)
for change from baseline (score)
-0.5 0 0.5 1.0
L 1 1
DTSQs items® contributing to the total — Favours icodec with app
q g p value
treatment satisfaction score
Satisfaction with current treatment ——— 0.10 (-0.05, 0.26) 0.176
Convenience of treatment —— 0.16 (-0.00, 0.32) 0.051
Flexibility of treatment —a— 0.14 (-0.02, 0.31) 0.095
Satisfaction with diabetes understanding —— -0.04 (-0.18,0.11)  0.612
Willingness to recommend treatment to others —— 0.15 (0.03, 0.28) 0.019*
Willingness to continue trial treatment —— 0.24 (0.09, 0.39) 0.002*
Other DTSQs items®
Perception of having hyperglycaemia — -0.10 (-0.33, 0.13) 0.384
Perception of having hypoglycaemia — 0.09 (-0.10, 0.27) 0.362
Favours icodec with app «— -
B ETD (95 % Cl)
for change from baseline (score)
-0.5 0 0.5 1.0
L 1 1
DTSQs items® contributing to the total — Favours icodec p value
treatment satisfaction score
Satisfaction with current treatment —— 0.13 (-0.06, 0.32) 0.179
Convenience of treatment ———— 0.28 (0.08, 0.48) 0.006**
Flexibility of treatment ———— 0.30(0.10, 0.49) 0.003**
Satisfaction with diabetes understanding — 0.07 (-0.10, 0.24) 0.427
Willingness to recommend treatment to others —— 0.25(0.08,042)  0.004**
Willingness to continue trial treatment —— 0.22 (0.04,0.40)  0.015**
Other DTSQs items?
Perception of having hyperglycaemia — -0.08 (-0.35, 0.18) 0.541
Perception of having hypoglycaemia — 0.09 (-0.16, 0.34) 0.476

Favours icodec «— -

Fig. 1. Estimated treatment differences for change from baseline to end of treatment for items contributing to the change in DTSQs total treatment satisfaction scores
in (A) ONWARDS 5 (insulin-naive participants) at 52 weeks and (B) ONWARDS 2 (insulin-experienced participants) at 26 weeks. *Statistically significant difference
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@In people living with type 2 diabetes inade-

quately managed with GLP-1 RA therapy, with or without o
additional oral glucose-lowering medications, switching to Once-weekly IcoSema versus once-weekly semaglutlde in adults

once-weekly IcoSema, compared with once-weekly sema- with type 2 diabetes: the COMBINE 2 randomised clinical trial
glutide 1.0 mg, demonstrated statistical superiority in HbA

reduction, similar rates of clinically significant or severe Diabetologia (2025)
hypoglycaemic episodes and comparable gastrointestinal

tolerability. However, weight change was statistically sig-

nificant in favour of semaglutide 1.0 mg.

Aim: to assess the efficacy and safety of lcoSema, a once-weekly combination therapy of basal insulin icodec and

semaglutide, versus semaglutide 1.0 mg in type 2 diabetes inadequately controlled with GLP-1 RA therapy

Onca-weekly lcoSeama (n = 342)

m + oral glucosa-lowering medscationis)
——
e e e
3
b e e
5

Adults with type 2 diabeties
treated with GLP-1 RAs
{HibA,, 53.0=65.5 mmol/mol
[¥.0=10.0%])

i - Time {woeks) e .
Primary endpoint Additional endpoints
Superior HbA,_ reduction Change in body weight favoured Similar rates of hypoglycasmic
with lcoSema (baseline to week 52) semaglutide 1.0 mg (baseline to week 52) episodes® (baseline to week 57)
~14.7 088 +0.84 kg ——
mimalmaol f ﬁ 0.042 o - m -
g L — episodes/PYE ‘episodesiPYE
(=1.35 T e 7 N Lo
Ye-points) “h-points) 'ﬁﬁ“
ETD {85% Cl): —4.8B5 (95% Cl —-6.13, —3.57) mmolmol ETD {95% Cl): 4.54 {3.B4, 5.23) kg; ERR (85% CI): 1.20 (0.53, 2.69);
{—0.44 [-0.56, —0.33] Y%-points); p<0.0001 p=0.0001 p=l.6646

*Combined clinically signticant {lersul Z) hypoghycasmia |blood guscoss salus of =20 mmold] <52 mgi'dl] contirmed by Siood glucose motar) o severs (level 3} veoglycosmia (Mypoghycasmmils ass oo ghed with
seyere cognitie impairment resguinng extemal assistance for ecovery). ERR, estimated rote rati; ETD, estsmated treatmest ditference; GLP-1 AA, glucogon-Uke peptide 1 receptor agoniss; PYE, patient-year of
EEpOAUrS



Once-weekly IcoSema versus once-weekly insulin icodec in
type 2 diabetes management (COMBINE 1)?an open-label,

multicentre, treat-to-target, randomised, phase 3a trial

A B
8.5 —@lcoSemagroup -@- lcodec group 68 = 9-0 160
Z 85 g
Lancet Diabetes Endocrinol 2025 o "z fao g
g 75 0 % g 7.5 %T
Z © 3 25 0 &
ES ) 5 ? ;% 65 120 §
6-5{ " 48 = E { ,r g
- - - - T T T T T T T /\( E T T T T T T T T E
Implications of all the available evidence K T T R I R
ime since randomisation (weel Time since randomisation (weeks)
To our knowledge, this is the first phase 3a trial in adults with Nomberof
. . . . . lcoSemagroup 646 607 600 591 590 585 598 646 616 604 591 586 587 579 577 616
inadequately controlled type 2 diabetes on daily basal insulin to Codsgop Sis e e o G G G G S
. . . . C D
show superiority of once-weekly lcoSema to icodec in changes . .- _5
50 . 48% ooie CITAR (>13-9dmmo\,'L 3
. . . 184% >250 mg/dL]) 5 o
in HbA, and bodyweight from baseline to week 52, g a5 S s g g
£ ol St ] g o ° %
and statistical superiority in terms of lower rates of § % = ossomga H g
) ) ) . £ 404  750% B TR 0-5 8 mmalll £ H
hypoglycaemia. Overall, IcoSema might provide an option for g e T oot 2 ] s S
. . . . . ; . . J 07% 11% (<54 mgfdL) S =
insulin therapy intensification in adults with type 2 diabetes, o foge ___ Lo L
lcoSema group Icodec group N
reducing concerns around hypoglycaemia and weight gain _ e andenaton ek
while minimising the injection burden compared with a loose whmgon o5 @3 6 s w5y ws o
) ) ) ] o . codec group 645 22 1 10 00 597 10 45
combination of basal insulin and an injectable GLP-1 receptor o0
£ e
agonist. B -\,...-'
%g 200
g 100 ﬂ""'
’ (‘) A é 1I2 1‘5 2‘0 2‘4 ZIS }IZ 3I6 4IO 4‘4 4‘8 5‘2
Time since randomisation (weeks)
paridpants
IcoSema group 629 619 607 603 590 589 593 591 585 580 579 572 561
lcodec group 631 625 621 620 615 609 605 604 603 599 598 593 590

Figure 2: Key outcomes



Once-weekly IcoSema versus multiple daily insulin injections 10006 g i
- = " (95% C1-022t0 0-09);
in type 2 diabetes management GOMBINE}): an open-label, A o
multicentre, treat-to-target, non-i iority, randomised, hsemgon |
1 £ o5 5 8 Eg 059
phase 3a trial : B
Lancet Diabetes Endocrinol 2025 £ o g 87
S " g %E 154 . ce;tla:ejpo-nﬁ percer:ti-::poims
-1.5
- - - - (I) ‘lll) 1‘3 2‘6 IG I IZ _2-0
Implications of all the available evidence oo
For individuals with type 2 diabetes inadequately controlled on :
basal insulin, IcoSema off ising alternative to BBT o B 6l A
asal insulin, IcoSema offers a promising alternative to BBT, ) 7 4 0 AR 01139 ol 50l
o o o . .. . 7 kg 22-4% I TBR(3-0-3-8 mmol/L [54-69 mg/dL])
with fewer injections (52 injections per year versus up to : . ok 30 mmal (<4 gl
E 604
1460 injections per year with BBT [assuming up to three bolus 2
injections per day]), non-inferior HbA,, reductions, superior g o o
weight benefits, a superior hypoglycaemia profile with lower 0 oo 1%
rates of clinically significant or severe hypoglycaemia, and an o ST group
acceptable safety profile. Overall, when compared with BBT, ] 58 75810 581
4 p<t
lcoSema might substantially reduce the injection burden for 47 S tosemagran © 3 bk
* group z 7
insulin therapy in type 2 diabetes, while addressing the g
. - . g g =
concerns about hypoglycaemia and weight gain. ; - B
PR e S— S
é % -'-é L BBT* group
I
E ~356kg
g |
Time since randomisation (weeks)

Figure 2: Key efficacy outcomes



== @Qroups of T2D patients that
could benefit from weekly
insulin treatment

Weekly Diabetology & Metabolic Syndrome (2025)

insulin
@ Patients with Patients ,f
inadequate needing
glycemic control improved
adherence

/ =  Once-weekly insulins provide a unique
X \ opportunity to simplify basal insulin therapy
x _ and to allow good glycaemic control with a
oy low risk of hypoglycaemia

Once-weekly insulin
provides low risk o
hypoglycemia wit
adequate glycemic

control

T =

Diabetologia (2024)



Potential alternative routes
for the delivery of insulin,
such as oral, nasal, buccal,
transdermal, vaginal, and
rectal routes

These noninvasive insulin
treatments remain of

interest and could represent
new paradigms for the future
treatment of diabetes

Pharmaceutics 2022,

Nasal

1. Cell penetrating peptides;
- L-penetratin
- PenelraMax 1. SGDC nanocomplexes

2. C‘Wum salt 2. SGDC incorporated elastic liposomes

3. CAGE/CPVA
Oral 4. Insulin phospholipid complexes-deformable
1. ChPSSPGA nan opartice ___\ . [ 5. Cell penetrating peptides (INS-PEG-LMWP)

2. Co-encapsulation of insulin in SBTI 6. Chitosan based electrospun fiber scaffold +

and C10

3. LDH-INS-CSNPs
4. CMCD-PBA-LV
5. CaCO3-ITA NPs
6. LCNPs

7. PLGA-FA-CS

Buccal

7. Insulin chisotan nanoparticles
8. Mucoadhesive buccal films +glycerin / L-arg
9. Triethyl chitosan

Transdermal

1. Poly ethylene glycol (PEG) and hydroxy propyl methyl cellulose (HPA
2. Solid-in-oil nanodispersion

3. Gold nanorods + NIR irradiation

4. Calionic cyclopeplide of TD-1 peptide.

5. CAGE
/ \ ) |
/ \ I
/ |
[
. { \
Vagma.lwl'r-w ------------- | \
1. DM-BCD-chitosan gel | I | | @R "a
2. Niosomes /\ | | v -------------- i~Rectal
3. Chirosan ascorbale [\ ;‘J fJ r |
nanoparticles \ [ [ | /\ LD
\ ( ‘| [ | 2. HPMC-co-PAM-c(
\ ‘ '

| 3. MAA-co-HIEMA-c



Critical updates on oral insulin drug delivery
systems for type 2 diabetes mellitus

Oral insulin (’. N,
Enzymatic degradation E ﬁ_' Improve compliance
Ko pH A \ Reduce risk of
Loss of activity due to pH _— hypoglycemia
variations
Reduce weight gain

j

Low diffusion across /
© & & intestinal epithelium
Low absorption due to /

mucus

Eliminate injection-related
pain, bruises and risk of
skin infection

Low et al. Journal of Nanobiotechnology (2025)




Portal vein Portal vein

Insulin \

Normal pancreatic
insulin secretion

Systemic

circulation Systemic

circulation

Exogenous
injected insulin

Impaired pancreatic
insulin secretion

Systemic
circulation

LT il )
" ¢ -Lj ‘-
8 )&;
Intestinal absorption ~QO0O

of oral insulin
Fig. 1 Portal/systemic insulin gradient in normal physiology and after insulin administration. a Normal insulin secretion by the pancreatic beta cells

results in the uptake of mast endogenous insulin by the liver. b A low nortal/systemic insulin gradient through injection results in lowered glucose

suppression in the liver. ¢ Oral insulin absorbed in the intestines passes the portal vein and enters the liver, establishing a portal/systemic insulin
gradient similar to that abserved under normal physiclogical conditions

Journal of Nanobiotechnology

(2025) .




Low et al. Journal of Nanobiotechnology (2025)

£ Y International Journal of Biological

e
ELSEVIER Macromolecules
Volume 242, Part 3,1]uly 2023, 125114

Review

Oral insulin delivery: Barriers, strategies,
and formulation approaches: A
comprehensive review

Oral Insulin

i e i Drug Delivery



Single stage polymeric NP Multistage polymeric NP

PLGA-ERS NPs in
HP55 enteric-coated capsule

ERS-100 NP

- ., Stomach
f' Ay’
*

ERS-100 swells in
aqueous condition

HP55 capsule

Degradation by is insoluble at low pH

protease is hindered

HP55 capsule
dissolves at
physiological pH

" Cationicity of PLGA-ERS
Intestine opens up tight junction
T i)

>

e, i"ra

Diffusion of insulin

out of hydrated matrix Mucoadhesiveness of

PLGA-ERS prolongs
residence time

Fig. 3 Comparison between single-stage and multi-stage polymeric nanoparticles. Comparison between single-stage and multi-stage polymeric
nanoparticles. ERS-100 NPs and PLGA-ERS NPs in HP55 enteric-coated capsules were compared on the basis of ERS-100 as the common excipient.

Journal of Nanobiotechnology (2025).



An open-label, multiple ascending dose trial of orally

administered insulin Tregopil in patients with type 1 diabetes
mellitus to evaluate its pharmacokinetics, pharmacodynamics,
safety and tolerability

->

Results: The overall safety profile of insulin Tregopil indicated no safety concerns

except a PD effect (hypoglycaemia). The incidence of hypoglycaemia did not increase

with increasing doses of insulin Tregopil, and none of the episodes were severe. In

general, the variability of the PK/PD parameters was high. Insulin Tregopil demon-

strated a rapid onset of action, with peak blood concentrations reached within 15-

20 min post-dosing. Subsequently, insulin Tregopil exerted a PD effect for up to

105 min.

TABLE 3

Parameter (unit)

Alc (%)

Daily CV glucose (%)

Daily mean glucose (mg/dL)

Daily SD glucose (mg/dL)

Time in hyperglycaemia (>180 mg/dL) (%)

Time in hypoglycaemia (<70 mg/dL) (%)

Time in level 1 hyperglycaemia (>180 mg/dL, <250 mg/dL/) (%)
Time in level 1 hypoglycaemia (<70 mg/dL, =54 mg/dL) (%)
Time in level 2 hyperglycaemia (>250 mg/dL) (%)

Time in level 2 hypoglycaemia (<54 mg/dL) (%)

Time in normal range (70-180 mg/dL) (%)

Mean values of CGM endpoints over the treatment period.

Dose of insulin Tregopil

5 | CONCLUSION

This trial demonstrated that insulin Tregopil was well tolerated. It
reduced the blood glucose levels in patients with controlled FPG. In
T1DM patients who lack endogenous insulin secretion, optimal glu-
cose levels could not be maintained during the entire inter-meal dura-
tion because of the short duration of insulin Tregopil's action,
resulting in the need for supplementary insulin aspart. Although treat-
ment with fixed-dose insulin Tregopil reduced the required amount of
supplementary insulin aspart, it did not support a viable stand-alone
option for the daily management of TADM. As with any insulin, insulin
Tregopil could be explored with a flexible dosing approach and be
titrated based on individual needs.

30 mg
(N = 10)

7.5
39.3
169.8
66.8
39.6
3.8
236
25
16.0
14
56.5

45 mg
(N=7)

7.9
35.5
1854
65.8
47.0
20
26.9
1.4
20.1
0.6
51.1

60 mg
(N = 10)

6.8
37.5
149.2
55.1
28.6
6.3
19.8
5.0
8.8
1.3
65.1

60 + 30 mg Al

rescue (N = 97) doses (N = 367)
6.6 7.2
36.2 37.3
143.9 160.6
51.9 59.6
254 34.4
7.5 51
20.5 224
53 3.7
5.0 121
22 14
67.1 60.5

Diabetes Obes Metab. 2025



Randomized Comparison of Postprandial Glucose Excursion Using Inhaled
Insulin Versus Rapid-Acting Analog Insulin in Adults with Type 1 Diabetes

Background: Postmeal
hyperglycemia is difficult to

Study Design
Screening

Results

prevent with subcutaneous rapid- ,_120' “ RAA (N=61)
acting analog (RAA) insulin. Randomization __%_ 1004 ® TI(N=61)

. . o . .
Technosphere insulin (T!) has & - € A Randomized Comparison of
more rapid onset of action, which . . c . .
may reduce the postmeal TechnosPhere Rapid-acting '% Postprandlal Glucose Excursion
glucose rise compared with RAA. Insu\m: i\"/ah:>g g Using Inhaled Insulin Versus

w
Aim: In adults with type 1 Meal Challenge 3 Rapid-Acting Analog Insulin in
diabetes, compare postmeal With Boost g 1 1
glucose excursion with RAA l g Adults With Type 1 Diabetes

versus Tl in people who use
automated insulin delivery (AID)
or multiple daily injection (MDI).

Glucose Assessment with
Continuous Glucose
Monitoring

Participant Characteristics

Insulin delivery

Time from Start of Meal (min)

P-value
Area Under the Curve >180 mg/dL 0.02

* Age 18-77 years « AID 48% ?eak GlLFJ)coieGl g_g; ,
» Type 1 diabetes for at least 6 months = MDI 43% Ime tc_’ ea ucose .
* HbA:1c 5.4-10.5% (36-91 mmol/mol) * Non-automated pump 6% Excursion 0.02

+ Predictive low-glucose suspend pump 2%

Conclusion: Postmeal glucose excursion was smaller with Tl than with RAA insulin in a cohort of adults with type 1 diabetes that included both AID and

MDI users.

ARTICLE HIGHLIGHTS

* Why did we undertake this study?

Using Multiple Daily Injections of
Insulin or Automated Insulin
Delivery

Diabetes Care 2024;47:1682-1687 | https://doi.org/10.2337/dc24-0838

Postmeal hyperglycemia is difficult to prevent with subcutaneous rapid-acting analog insulins (RAA).

* What is the specific question(s) we wanted to answer?
Does postmeal glycemia improve with technosphere insulin inhalation powder (Tl) compared with subcutaneous RAA insulin?

* What did we find?

Postmeal hyperglycemia was less with Tl than with RAA insulin, with the glucose excursion being less, the peak glucose being lower, and the time
to peak glucose being shorter with TI.

* What are the implications of our findings?
Use of Tl can improve postmeal glucose management.



Inhaled Technosphere Insulin Plus Insulin Degludec

. . 10.0
for Adults with Type 1 Diabetes: The INHALE-3 Baseline
: = Week 30
Extension Study =
9.0
8
e 8.51
FIG. 1. Change in HbAlc over time < |
within subgroups of baseline HbAlc. The T ™
bars represent the mean HbAlc within &
each subgroup and the error bars show the @ sl
mean * 1 standard deviation. = 70
6.5
6.0
<7.0% 7.0%-<8.0% au% <9 0% 29.0%
N=22 N=6
— HbA1c at Basellne
%1 100 1
o -+~ Baseline (T Initial Dose, N=49)
§_, 801 === Week 17 (TI Optimized Dose, N=49)
FIG. 3. Glucose change from meal chal- T
lenge start at baseline and 17 weeks. The & 604
points represent the mean CGM glucose at £
5-min intervals following the start of the 2 40-
meal challenge (minute 0). The shaded o
bands represent the 95% confidence inter- % 204
val around the mean. Means and confi- 6
dence intervals are shown separately at
baseline (red) and week 17 (blue). CGM, & 0T
continuous glucose monitoring. S
o -201

0 30 60 90 120
Minutes from Meal Challenge Start

Conclusions: HbAlc levels were sustained over 30 weeks using a TI-degludec regimen after switching from

AID or MDI. TI should be considered an option for people with T1D. DIABETES TECHNOLOGY & THERAPEUTICS
Volume 27, Number 3, 2025



Recent Progress

in Glucose-Responsive Insulin
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Figure 3—Glucose-responsive carriers for insulin delivery. A: lllustration of the assembly and disassembly of a glucose-responsive com-
plex composed of polymers bearing positive charges and insulin molecules bearing negative charges (8). B: Schematic of a glucose-
responsive microneedle patch integrated with PBA-containing polymeric matrix and the mechanism of glucose-triggered insulin release
(13). C: Schematic of the formation of a PBA-decorated LNP-insulin complex and the mechanism of insulin release from LNP (24).

* To mitigate acute and chronic
risks of glucose excursions,
glucose-responsive insulin (GRI)
has long been pursued for
clinical application.

* By integrating GRI with glucose-
sensitive elements, GRI is
capable of releasing or
activating insulin in response to
plasma or interstitial glucose
levels without external
monitoring, thereby improving
glycemic control and reducing
hypoglycemic risk.

Diabetes 2024;



B C Glucose-bhinding protein (lectin/GLUT)

A OH
S I R
HO OH R R
OH

Glucose
O 0
GOx [ < 1S o ) Ho?’B\ —0
H.0, HO OH HO OH (0]
SSSM
' — Negatively Negatively
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Gl id Uncharged charged charged

Figure 2—Glucose-responsive mechanisms of three major glucose-sensing components. A: Schematic of catalytic effect of GOx on glu-
cose to achieve glucose responsiveness. B: Schematic of PBA binding to glucose molecules through reversible chemical covalent bonds.

C: Schematic of glucose-binding proteins reversibly binding to glucose via noncovalent interactions.

Table 3—Features and efficacy of distinct GRI delivery systems

Insulin delivery system

Administration route(s)

Unique property(ies)

Efficacy (reference)

Microneedles Transdermal delivery

Hydrogels Subcutaneous injection

Recent Progress in Glucose-Responsive Insulin

Polymer/insulin Subcutaneous injection

complexes
Diabetes 2024,
Liposomes Oral; subcutaneous
injection
LNP Subcutaneous injection

Insulin analogs
intravenous injection

Subcutaneous injection;

Avoidance of first-pass effect;
minimal invasiveness; pain
alleviation; convenience; rapid
response

Degradability

Long retention; rapid response;
easy preparation

High biocompatibility

Low toxicity; rapid response

Antihypoglycemia; no exogenous
carriers; prolonged retention or
circulation

4 h in mice (19); >10 h in mice and
20 h in minipigs (13); 6 h with
inflammation alleviation on
microneedles-treated skin (21);

9 h with no hypoglycemia in mice
and >24 h in minipigs (14)

12 h in mice with no fibrous
encapsulation (10)

>8 h in mice and >8 h in minipigs
(8); 28 h in mice (25); 3 weeks in
mice and >5 days in minipigs
with fibrous capsule resistance
and minimal toxicity (37)

Postprandial glucose regulation for
12 h in mice (39); 5 days in mice (41)

6 h in mice (24)

Regulated PG to prechallenge levels
during the glucose tolerance test
performed 7 h after GRI treatment
(45); 20 h normoglycemia in mice
(15); >10 h in mice with negligible
hypoglycemia (16)




Glucose-sensitive insulin with attenuation of
hypoglycaemia

We report the design and properties of NNC2215, an insulin
conjugate with bioactivity that is reversibly responsive to a
glucose range relevant for diabetes, as demonstrated in vitro and
in vivo.

The insulin receptor affinity for NNC2215 increased 3.2-fold
when the glucose concentration was increased from 3 to 20 mM.

In animal studies, the glucose-sensitive bioactivity of NNC2215
was demonstrated to lead to protection against hypoglycaemia
while partially covering glucose excursions.

Future GRIs might offer both fast-acting and long-acting
formulations for improved postprandial and fasting glycaemic
control. Research is ongoing regarding various GRI

formulations, and GRIs are not clinically available for
treatment of diabetes www.thelancet.com Published online September 19, 2025

a High glucose concentration Low glucose concentration

d

~ e T
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Fig.1|Functional principle and 3D model of NNC2215. a, NNC2215isaninsulin

Nature | Vol 634 | 24 October 2024



Ultrastable Insulin-Glucagon Fusion Protein Exploits
an Endogenous Hepatic Switch to Mitigate

Hypoglycemic Risk ACS Pharmacol Transl Sci. 2025 .
ultra-stable

single-chain nsulln/—\
glucose glucose

uptake production

~ S " —

fibrillation-resistant = hyperglycemia: hypoglycemia:
constrained glucagon “insulin wins” “glucagon wins”

We describe an alternative approach that exploits an endogenous glucose-dependent switch in hepatic
physiology: preferential insulin signaling (under hyperglycemic conditions) versus preferential counter-

regulatory glucagon signaling (during hypoglycemia). Motivated by prior reports of glucagon-insulin
coinfusion, we designed and tested an ultrastable glucagon-insulin fusion protein



“Although insulin therapy

o has been introduced 100
years ago, the development
of insulin has not come to an
end.
~ Itis returing that ongoing

nsulin developments have a
ragh potential of further
improving the safety and
efficacy of insulin therapy in
0 the future”

Tim Heise
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