Immunotherapy: beyond insulin for
Type 1 diabetes, the past, present
and future
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It’s a very exciting time for
T1D

FDA NEWS RELEASE

FDA Approves First Drug That Can Delay Onset of Type 1
Diabetes

For Inmediate Release:
November 17, 2022

Today, the U.S. Food and Drug Administration approved Tzield (teplizumab-mzwv) injection to
delay the onset of stage 3 type 1 diabetes in adults and pediatric patients 8 years and older who
currently have stage 2 type 1 diabetes.



T1D is an autoimmune process

Intact Insulitis No insulin

Brown —insulin
Red - glucagon
Morgan et al 2014



Treating Type 1 Diabetes

* Type 1 diabetes is not primarily a metabolic
disease

* Type 1 diabetes is an autoimmune disease
which targets the insulin making beta cells

* |f we can slow or halt the autoimmune

process....we can delay or avoid the need for
insulin therapy....



The immune system



Different types of immunotherapy

General Drugs use for organ High
Immunosuppression transplants
Selective Newer drugs used for Low
» immunosuppression example in arthritis, skin
diseases
Boosting immune “vaccines”, protective cells, Very low
regulation drugs to boost protective

cells



Immunobiologics licensed for

PSOriasis
* Anti-TNF  Anti-IL-17
— Infliximab — Ixekizumab
— Etanercept — Secukinumab
— Adilimumab — Brodalumab
e Anti-IL-12/IL-23 * Anti-IL-23

— Ustekinumab — Guselkumab



MADbs in RA

Lim et al 2022




Therapies with clinical trial evidence of
beta cell preservation in stage 3 T1D

Anti-CD3

Anti-CD2

Anti-CD20

ATG

CTLA-4lg

anti-TNF (Golimumab)
Imatinib

Verapamil

Baricitinib
Ustekinumab

Greenbaum, C et al (2019). Drugs, 79(1), 43-61.




Therapies with clinical trial evidence of

1.Deplete beta cell preservation in stage 3 T1D
T cells 2.Block
e Anti-CD3 cytokines

e anti-TNF
e Anti-CD2 cell stress

(Golimumab)
* AIG * Verapamil

 CTLA-4Ig e Baricitinib
e Ustekinumab 5. Deplete
B cells
* Anti-CD20
. CTLA-4Ig Tregs

.« ?

e |matinib




Summary of risk of hospitalisation
for infection
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Summary of risk of hospitalisation

for infection
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Golimumab treatment
(s.c. every 2 weeks)
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Quattrin et al 2020
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Action of baricitinib on beta cells

e



Baricitinib
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Waibel et al 2023



Targets of JAK inhibitors



Abrocitinib
Ritlecitinib
Placebo
Age 12-35



nature medicine

Article hitps:idol.org/101038/541581-024-03115.2

Ustekinumab for typeldiabetesin
adolescents: amulticenter, double-blind,
randomized phase 2 trial

Received: 3 February 2024 A list of authors and their affiliations appears at the end of the paper



Verapamil
— CLVer (Factorial design)

o _ Positive: verapamil vs placebo
Negative: intensive management vs SoC



Investigational Strategies to Preserve Beta-cell Function
Therapeutic Drug Targets!
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Treating Type 1 Diabetes

* Type 1 diabetes is not primarily a metabolic
disease

* Type 1 diabetes is an autoimmune disease
which targets the insulin making beta cells

* |f we can slow or halt the autoimmune

process....we can delay or avoid the need for
insulin therapy....



Autoantibodies are present many years before people

are diagnosed with type 1 diabetes
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Insel, RA et al (2015). Diabetes care,
38(10), 1964-1974.



Progression from
dysglycaemia (stage 2)

Insel, RA et al (2015). Diabetes care,
38(10), 1964-1974.



Staging of type 1 diabetes

Insel, RA et al (2015). Diabetes care,
38(10), 1964-1974.






Progression is heterogenous and can be predicted

Stage Age DPTRS

Evolving Concepts in Pathophysiology, Screening, and
Prevention of Type 1 Diabetes: Report of Diabetes
Mellitus Interagency Coordinating Committee Workshop
Carla J. Greenbaum,! Gerald T. Nepom,? Lauren K. Wood-Heickman,? Diane K. Wherrett,*

Linda A. DiMeglio,5 Kevan C. Herold,§ and Jeffrey P. Krischer?

Diabeles 2024:73:1780-1790 | htips://doi.org/10.2337/dbi24-0020
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An Anti-CD3 Antibody, Teplizumab,
in Relatives at Risk for Type 1 Diabetes

Kevan C. Herold, M.D., Brian N. Bundy, Ph.D., S. Alice Long, Ph.D.,
Jeffrey A. Bluestone, Ph.D., Linda A. DiMeglio, M.D., Matthew J. Dufort, Ph.D.,
Stephen E. Gitelman, M.D., Peter A. Gottlieb, M.D., Jeffrey P. Krischer, Ph.D.,
Peter S. Linsley, Ph.D., Jennifer B. Marks, M.D., Wayne Moore, M.D., Ph.D.,
Antoinette Moran, M.D., Henry Rodriguez, M.D., William E. Russell, M.D.,
Desmond Schatz, M.D., Jay S. Skyler, M.D., Eva Tsalikian, M.D.,
Diane K. Wherrett, M.D., Anette-Gabriele Ziegler, M.D., and Carla J. Greenbaum, M.D.,
for the Type 1 Diabetes TrialNet Study Group*

Disease Modifying Therapy



Median 32.5 mth delay in onset of stage 3
T1D after 14d treatment at stage 2

T1D Free at median 2.5 yrs f/u
22% placebo

50% teplizumab

HR = 0.46 p=0.01

Fig. 1. Teplizumab treatment is associated with a sustained effect on T1D progression over 923 days of
follow-up. Updated Kaplan-Meier curve based on 923 days of follow-up (range, 74 to 3119 days). The hazard ratio for
development of T1D in teplizumab-treated participants versus placebo was 0.457; P=0.01. The median time to dia-
betes was 27.1 and 59.6 months in the placebo and teplizumab treatment groups, respectively. At the conclusion of
this period, 7 (22%) and 22 (50%) individuals, respectively, were not diagnosed with T1D.

Sims et al., Sci. Transl. Med. 13, eabc8980 (2021)



Exhaustion of Autoreactive T Cells
Restores Tolerance
and Preserves Functional Beta-




Transient T cell depletion

with teplizumab
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FDA Advisory panel
th May 2021

Does the information (from)...the
Applicant and FDA show that the
benefits of teplizumab outweigh

the risks in support of approval to

delay clinical type 1 diabetes
mellitus













Tzield dosing

Premedication

Premedicate prior to TZIELD infusion

for the first 5 days of dosing with a
non-steroidal anti-inflasnmatory drug
(NSAID) or paracetamol, an antihistamine,
and/or an antiemetic. Administer
additional doses of premedication if
needed.



Intervention in stage 17



TN18 abatacept study

(hazard ratio 0.702; 95% CI 0.452, 1.09; P =0.11)



Too honest?

Supplemental Table 4: Hazard Ratios by Treatment Interval

No of events Chi- Hazard Ratio (95% CI)

Month Abatacept Placebo Sﬂ“;re Cumulative Interval
6 mos. 5(7.17) 10 (7.83) 1.35 0.545 (0.198, 1.50) | 0.545 (0.198, 1.50)
12 mos. 2(3.92) 6 (4.08) 3.09 0.470 (0.207,1.06) | 0.348 (0.0869, 1.39)
18 mos. 5(6.03) 7(5.97) 3.19 0.545 (0.281, 1.06) | 0.706 (0.228, 2.19)
24 mos. 4 (5.03;) 6 (4.97_) 3.57 0.56_9 (0.317,1.02) | 0.659 (0.191, 2.28)
30 mos. 1 (2.55) 4(2.45) 5.03 0.527 (0.303, 0.918) | 0.240 (0.0415, 1.39)
36 mos. 5(3.81) 2(3.19) 3.15 0.628 (0.374, 1.06) 2.10(0.474,9.27)
42 mos. 3 (2.78) 2(2.22) 2.71 0.663 (0.403, 1.09) 1.19 (0.205, 6.98)
48 mos. 2(2.22) 2 (1.78) 2.72 0.671 (0.414,1.09) | 0.800(0.111, 5.75)
54 mos. 2(1.13) 0(0.872) 1.98 0.716 (0.445, 1.15) -
60 mos. 0 (1.01) 2 (0.985) 2.68 0.681 (0.426, 1.09) -

00 MOos. | o03aa] | 1A | 309 | Jo0F(0417, 1.00) =
72 mos. 1(2.75) 4 (2.25) 4.46 0.620 (0.396, 0.973) | 0.205(0.0353, 1.2)
78 mos. 3 (1.88) 0(1.13) 3.29 0.671 (0.431, 1.04) -
84 mos. 0(0) 0 (0.0) 3.29 0.671 (0.431, 1.04) -
90 mos. 2 (1.08) 0(0.917) 2.50 0.710 (0.459, 1.1) -













What are the advantages of

insulin-free T1D

No hypoglycaemic risk

No need for lifestyle limitation

No need for daily monitoring

No risk of metabolic complications

Likely
comp

reduction in risks of future
Ications

oroved quality of life



Need for more effective and more
durable therapies



Verapamil+

Golimumab

Does adding G Does adding V
improve on V improve on G
«

Verapamil

Age 5-21



*Participants will be randomized 2:2:1:1 using blocked randomization to ATG + Adalimumab,
ATG + Verapamil, ATG + injectable placebo, ATG + oral placebo.



Staging of type 1 diabetes

uﬁg

Insel, RA et al (2015). Diabetes care,
38(10), 1964-1974.



What are the advantages of

insulin-free T1D

No hypoglycaemic risk

No need for lifestyle limitation

No need for daily monitoring

No risk of metabolic complications

Likely
comp

reduction in risks of future
Ications

oroved quality of life



Moving towards insulin-free T1D



Other approaches

Diabetes Technology

Beta cell preservation: Immunotherapy and
prevention

Beta cell replacement
Beta cell regeneration



From Stem Cells to islet cells









Key areas

Diabetes Technology

Beta cell preservation: Immunotherapy and
prevention

Beta cell replacement
Beta cell regeneration



Regeneration?



Future therapy for T1D

Screening
& Regen-
prevention eration

Insel, RA et al (2015). Diabetes care,
38(10), 1964-1974.



Conclusions

T1D is an autoimmune disease not
primarily a metabolic

We have low-risk therapies to target many
of these “failures”

The first immunotherapy to delay the need
for insulin has been licensed

Delaying the need for insulin carries major
nealth and quality of life benefits

n future T1D will be managed with
immunotherapy not insulin




Paediatric diabetes
care in the next decade

The majority of children are
diagnosed in stage 1 or 2

DKA/Late presentation is rare

All children > 2 yrs old receive
first line preventive therapy

Clinics manage second line
therapies according to
UCPCR/random c-
peptide/capillary OGTT

Insulin therapy in childhood is the
exception rather than the rule



Backups



Between December 2021 and December 2022, all children aged 6-18 years
who started Control-1Q at 13 Belgian centers were
consecutively recruited.



Meulemeester
et al 2025



CLOuD 48 mth data

(63)

(54)



CLOuD 48 mth data

(63)

(54)



HbAlc and technology



Additional Tech/therapies

Smart insulins

Continuous ketone monitoring
GLP-1

SGLT?2

Dhatariya et al 2026
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