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Secondary prevention applied to T1D natural history

Insel RA et al. Diabetes Care 2015

Early stage of T1D

Secondary Prevention



T1D: natural history

Norris JM et al. Lancet Diabetes Endocrinol. 2020



Ziegler AG et al. JAMA. 2013;309(23):2473-2479 

Increased incidence of type 1 diabetes is associated 
with increased number of autoantibodies 
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Secondary prevention before anti-CD3 Mo-Ab use
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Herold KC et al. N Engl J Med. 2019 (from video file)

The anti-CD3 era 

New generation of anti-human CD3 as 
compared with the mouse anti-human CD3 mAb OKT3

Kuhn C and Weiner HL. Immunotherapy, 2016 



First autor Study design Intervention Primary outcome Relevant findings 

Herold KC 
(2002)

Phase I–II trial, 
randomized, 
controlled
N=24

14-day course i.v.
Teplizumab at 
escalating “full” dose

C-peptide preservation one 
year after treatment

Treatment maintained or improved 
insulin production after one year 
in the treatment group (9/12 
patients) (p = 0.01), lowered HbA1c 
(p = 0.08) and insulin dose (p = 
0.03) in new onset T1D

Herold KC 
(2005)

Phase I–II trial, 
randomized, 
controlled, open-
labeled
N=42

12/14-day course i.v.
Teplizumab at 
escalating “full” dose

C-peptide preservation two 
years after treatment

Treatment results in improved C-
peptide responses both for 1 year 
(p < 0.01) and for at least 2 years (p 
< 0.02); the improved C-peptide 
responses were accompanied by 
reduced HbA1c (p = 0.004) and 
insulin requirements (p = 0.001)

Herold KC 
(2009)

24-month phase 
IIb, randomized, 
open labeled trial
N=10

12-day course i.v.
Teplizumab at higher 
dose than prior 
studies

C-peptide responses during 
MMTT, insulin use and 
hemoglobin A1c levels up to 5 
years after treatment

The trial was stopped because of 
increased AEs without improved 
efficacy. A trend for C-peptide 
preservation over 2 yrs with drug 
treatment (p = 0.1) was observed, 
and insulin use was lower (p < 
0.001)

Keymeulen
B (2005)

Phase II, 
randomized, 
placebo-controlled 
trial; 18-month 
follow up
N=80

6-day course i.v.
Otelixizumab

The change in the residual 
beta- cell function from 
between baseline to six 
months later

A short-term treatment preserves 
residual beta-cell function for at 
least 18 months in patients with 
recent-onset T1D and lowers the 
mean insulin dose at 18 months 
(0.22 IU/kg/day vs. 0.61 IU/kgday) 
(p < 0.001)

Keymeulen
B (2010) 

Phase II 
randomized to 
placebo trial; 48 
months of 
observation
N=80

6-day course i.v.
Otelixizumab

Change in insulin dose over 
48 months

Treatment with otelixizumab
delayed the rise in insulin 
requirements of patients with 
recent-onset diabetes over 48 
months (+0.09 vs +0.32 U/kg/ day); 

Anti CD3- Phase II Clinical Trials 



Improved glycemia in teplizumab treated participants is associated with 
maintenance of dysglycemic status

Sims E K et al, Sci Transl Med 2021



Teplizumab treatment was associated with increased average on-study C-
peptide AUC

Sims E K et al, Sci Transl Med 2021



C-peptide over time in the two treatment arms over the first year

Sims E K et al, Sci Transl Med 2021



Results of Primary Prevention Trials for Type 1 Diabetes Published 
Through April 2024

Jacobsen L M et al, Diabetes in America (Internet) 2024 



Results of Secondary Prevention Trials for Type 1 Diabetes Published 
Through April 2024

Jacobsen L M et al, Diabetes in America (Internet) 2024 



Meta-analyses of anti-CD3 mAbs vs. placebo for change in C-peptide AUC in recent-onset T1D

Liu Y et al., Endocrine 2023



Meta-analyses of anti-CD3 mAbs vs. placebo for change in HbA1c in recent-onset T1D

Liu Y et al., Endocrine 2023



Mignogna C et al. Expert Opin Investig Drugs 2021

C-peptide



An anti-CD3 Antibody, Teplizumab, In Relatives at Risk For 
Type 1  Diabetes

Population

• Relatives of T1D patients at high risk of developing clinical disease
•  ≥2 autoantibodies + state of dysglycaemia (IFG,IGT or a postprandial glucose level at 30, 60, 

or 90  m >200 in 2 occasions. 
• 76 randomized  1:1 (of which 55 ≤18 years) 

Intervention

• Single 14-day Teplizumab cycle (n=44)
• 3 and then 6 months Follow-up with OGTT 

Control
• Vs Placebo (n=32)

Outcome
• Disease onset

• Phase II
• Randomized (1:1) 

Double-blind

Herold KC et al. N Engl J Med. 2019



Baseline characteristics of participants

Herold KC et al. N Engl J Med. 2019



TrialNet Study: results

Median time of T1D diagnosis:
Teplizumab: 48.4 months
Placebo: 24.4 months

The percentage of diabetes free-
persons in the Teplizumab group 

(57%)was diuble that in the 
placebo group (28%)

Herold KC et al. N Engl J Med. 2019

72%
43%

P = 0.006 by adjusted Cox proportional-hazards model



Teplizumab: side effects

Herold KC et al. N Engl J Med. 2019
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Teplizumab Prevention Study
Significantly Delayed Onset of Stage 3 Clinical T1D vs Placebo  

HR = 0.41 
(95% CI: 0.22, 0.78)

p=0.00661

Months

Teplizumab
24-Months

Delay in Median Time to 
Clinical T1D Diagnosis

Number of 
Patients at Risk

Teplizumab 44 44 44 43 41 39 38 34 30 24 22 19 16 16 14 12 12 10 9 9 9 6 6 5 4 2 2 2 1 1

Placebo 32 31 24 23 20 18 17 15 15 13 13 9 9 9 8 7 7 4 4 3 3 2 2 1 0

Placebo

Event-free 
Probability

1. Cox Proportional Hazards model

With 
Onset

Free of 
T1D

Median 
Time (months) to 
Diagnosis (95% CI)

Teplizumab 45.5% 54.5% 49.5
(32.2, NE2)

Placebo 71.8% 28.2% 24.9
(9.5, 48.6) 

; 2. Not Estimable Herold et al. N Engl J Med 2019; 381:603-613
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Number of 
Patients at Risk

Teplizumab 44 44 41 39 32 29 23 19 12 11 10 8 4

Placebo 32 24 19 18 17 14 11 11 9 7 3 2 2

Hazard Ratio = 0.457 
p = 0.01

Months

Teplizumab
32.5 Months

Delay in Median Time to 
Clinical T1D Diagnosis

Placebo

Event-free 
Probability 

% 
With 
Onset

% 
Free of 

T1D

Median 
Time to 

Diagnosis

50% 50% 59.6 
months

78% 22% 27.1 
months 

Sims et al.  Sci Trans Med 2021;13,eabc8980 

Teplizumab Prevention Study
Sustained Delay over Extended Follow-Up



p=0.01 

The median time to diabetes was 27.1 and 59.6 months in 
the placebo and teplizumab treatment groups respectively

Teplizumab Treatment is Associated with a Sustained Effect on Type 1 Diabetes 



Hosseini A et al. Int Immunopharmacol. 2020

CTLA4Ig (abatacept) blocks costimulatory 
interaction with the CD28 on T lymphocytes by 
binding to CD80 e CD86 on the APCs 

Inhibits optimal T cell activation

Anti-CTLA4: Abatacept



Population

• Stage 1 patients T1D:
 ≥2 typical autoantibodies (exept IAA) + Euglycaemic status (NGT)

Intervention

• 14 infusions of Abatacept in 12 months (n=101)
• 47.6 months follow-up with OGTT (median)

Control
• Vs Placebo (n=111)

Outcome
• Onset of the disease (or IFG/IGT) [= from stage 1 to stage 2 or 3]

• Phase II
• Randomized (1:1)
• Double-blind

Russell WE et al. Diabetes Care 2023

Anti-CTLA4: Abatacept



Abatacept does not delay the IFG/IGT 
onset nor the onset of the disease 

HR 0.702; P = 0.11

HR 0.710; 95% CI 0.377, 1.34, Not significant

Anti-CTLA4: Abatacept
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Pazienti con DM1, 12-45 anni, diagnosi <100 giorni 

ATG alla dose di 2,5 mg/kg

Placebo;  ATG + GCSF (ogni 2 settimane per max 6 dosi)

C-peptide AUC post 2h-MMTT dopo 1 anno

Haller MJ, et al. Diabetes Care. 2018

GCSF: granuloccyte colony stimulating factor



The time for immunotherapy in T1D began in 1986 with cyclosporine.
Since then, hundreds of trials have been carried out with a variety of
compounds but without significant results.

Teplizumab was able to delay progression towards clinical T1D 

diabetes compared to placebo in 1° degree relatives of patiens with 

T1D and it is the first disease modifyng therapy in type 1 diabetes

Precision medicine for T1D should recognize that each individual has

peculiar phenotypic and genotypic aspects possibly impacting the

efficacy and safety of different treatments, therefore…..

Conclusions 
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