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What is precision medicine...?

“Precision medicine is a healthcare approach that utilises molecular
information (genomic, transcriptomic, proteomic, metabolomic, etc),
phenotypic and health data from patients to generate care insights to

prevent or treat human disease resulting in improved health outcomes”™.

.//www.efpia.eu/about-medicines/development-of-medicines/precision-medicine/ Accessed September 28t 2025
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T1D: Stages of disease

Rate of decline in B-cell function: B-cell mass
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Development of
single autoantibody Normal Blood Sugar Abnormal Blood Sugar Clinical Diagnosis >Established T1D

> 2 autoantibodies > 2 autoantibodies + dysglycemia Based on ADA criteria for
diagnosis of diabetes

Pathophysiology: Identifies individuals who have -Cell dysfunction, defined At the time of diagnosis, there p—Cell function continues to
developed a broad based on dysglycemia, can be is still p-cell reserve with decline with time after
autoimmune response against  identified using provocative clinical significance in terms of diagnosis
multiple islet autoantigens and testing (e.g., oral glucose glycemic control and
will eventually progress to tolerance tests) avoidance of hypoglycemia

clinical disease

5-year risk of 44% 75% N/A N/A
clinical diagnosis
of T1D:

By the time people with T1D display symptoms, B-cell mass is significantly reduced

Sims EK, et. al. Diabetes 2022;71:610-3; Besser RE, et al. Pediatr Diabetes 2022;23:1175-87



Different aspects of precision
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Precision diagnosis
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T1D: Time for change

GENETIC
RISK

g IMMUNE

ACTIVATION

1,

Trigger Event

Starting Point

Development of
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Pathophysiology:

5-year risk of
clinical diagnosis
of T1D:

STAGE 1

Normal|Blood Sugar

> 2 autdantibodies

Identifief individuals who have
developdd a broad
autoimnjune response against
multiplefislet autoantigens and
will everftually progress to
clinical disease

44%

Abnormal Blood Sugar

> 2 autoantibodies + dysglycemia

B—Cell dysfunction, defined
based on dysglycemia, can be
identified using provocative
testing (e.g., oral glucose
tolerance tests)

75%

Clinical Diagnosis

Based on ADA criteria for
diagnosis of diabetes

At the time of diagnosis, there
is still p-cell reserve with
clinical significance in terms of
glycemic control and
avoidance of hypoglycemia

N/A

>Established T1D

B—Cell function continues to
decline with time after
diagnosis

N/A

Proposed new time for diagnosis of T1D: Autoantibodies

Sims EK, et. al. Diabetes 2022;71:610-3; Besser RE, et al. Pediatr Diabetes 2022;23:1175-87



The ADA and ISPAD Recommend Screening for Islet
Autoantibodies to Establish the Presence of Presymptomatic T1D

Specific autoantigen targets identified on islet cells3+

Beta-cell plasma
membrane

Insulinoma-associated

antigen-2 Zinc-transporter 8

ICAs are not generally

Y 4 used for screening as

they lack specificity and

X are technically
i 3.5
Insulin msiggsct;%e Glutamic acid challenging to detect
Secretory granule decarboxylase

Figure adapted from Arvan 20124
The presence of 22 confirmed islet autoantibodies identifies people with autoimmunity, many of whom may be

presymptomatic (Stage 1 and 2) and at a high risk of progressing to clinical aT1D (Stage 3) over their lifetime'

ADA, American Diabetes Association; ICA, islet cell cytoplasmic autoantibody; ISPAD, International Society for Pediatric and Adolescent Diabetes; GAD, glutamic acid decarboxylase; I1A-2,
insulinoma-associated antigen-2; IAA, insulin autoantibody; T1D, type 1 diabetes; ZnT8, zinc-transporter 8.

1. American Diabetes Association Professional Practice Committee. Diabetes Care. 2024;47(Suppl. 1):520-42. 2. Besser REJ, et al. Pediatr Diabetes. 2022;23(8):1175-87. 3. Winter WE, et al.
J Appl Lab Med. 2022;7:197-205. 4. Arvan P, et al. Cold Spring Harb Perspect Med. 2012;2 a007658. 5. Peters A. J Fam Pract. 2021;70(6S):547-52.



Biomarkers for an early diagnosis

risk of progression to symptomatic type 1 diabetes with multiple islet autoantibodies approaches 100%
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paradigm shift for staging of type 1 diabetes before clinical onset

Ziegler AG et al. JAMA 2013.



Children diagnosed with presymptomatic T1D through public health screening F ]d
have milder diabetes at clinical manifestation r O )/&\

Typ 1 Diabetes: Friih erkennen - Friih gut behandeln

fasting C-peptide [nmol/l]
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T1D: Time for change
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Sims EK, et. al. Diabetes 2022;71:610-3; Besser RE, et al. Pediatr Diabetes 2022;23:1175-87



The Heterogeneity of Type 1 Diabetes: Implications for
Pathogenesis, Prevention, and Treatment—2024
Diabetes, Diabetes Care, and Diabetologia

Expert Forum

Carmella Evans-Molina,1.2.# Yuval Dor,* Ake Lernmark, Chantal Mathieu,® Jeffrey R. Millman,”

Raghavendra G. Mirmira,® Flemming Pociot,®1? Maria J. Redondo,! Stephen S. Rich,1?
Sarah J. Richardson,12 Michael R. Rickels,14 and E. David Leslie1s

Diabetologia, Diabetes, Diabetes Care 2025
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T1D: Time for change
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Sims EK, et. al. Diabetes 2022;71:610-3; Besser RE, et al. Pediatr Diabetes 2022;23:1175-87

>Established T1D

B—Cell function continues to
decline with time after
diagnosis

N/A



Evidence for C-Peptide as a Validated Surrogate to Predict Clinical
Benefits in Trials of Disease-Modifying Therapies for Type 1

Diabetes @3
Esther Latres & 9; Carla J. Greenbaum
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Precision Prognosis
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Arresting type 1 diabetes in Europe —
biomarker discovery feeding interventions
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INN3DIN

Gene expression signature predict speed of progression of C-peptide loss
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INNSEDIN
Proteome signature predict speed of progression of C-peptide loss
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MiRNA signatures predict speed of progression of C-peptide loss

INNODIA T1DM Natural History Cohort
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Multi-Omics Integration
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Different aspects of precision
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Disease modifying therapies in T1D

Ji

ATG

A

Teplizumab

Anakinra Toclizumab Rituximab

Canakinumab

Abatacept

Ustekinimab

cb2
p——— Alefacept

Etanercept
Golimumab

Pociot and Johannesen, Textbook of Diabetes (6th Edt)

Intervention Preferred patient subgroup Comment
strategy
Oral insulin Patients with hugh IAA titers Confirmed in replication tria.
Diamyd (GADES) GADA positive patients GADA negative have not been assessed.
Patients camying HLA-DR3? Sugpested by post-hoc analyses of multiple trials.
Tolerance induction Patients camying HLA-DR4 Prainsuln peptide C19-A3 was eluded from HLA-DR4 molecules.
with proinsuin
peptice
Abatacept Adolescents Replication warranted.
Euwropean ancestry? Disease acceleration in patients of color.
Rituwdmab Young patients No efficacy achieved in adult patients; replication required.

Isiet transplantation

Autologous
hematopoetic stem
cel transplantation

Fecal microbyome
transpiantation

Patients lacking price islet donor specfic
alcantbodes

Patients lacking CD4 T-cel autoreactiity
to GADSS and IA2

HLA class | mismatch avoids recurrent
islet autoimmunity by CD8 T-celis
Patients lacking pre-existent thyroid
peroxidase (TPO) autoantbodies

Patients with low rates of CDS T-cell
autoimmunity to iskets

Autologous stodl preferred over allogeneic
stool?

B-cells only present in insulitis in earfy onset T1D
A positive crossmatch consistently resulted acute allograft rejection.

None of patients responding to both GADES and I1A-2 achieved insulin
dependency, vs. >80% of patients not responding o ather |siet
autoantigen, replicated in multple studes.

Indirect recognition of islet epttopes by recipients’ HLA class Il cannot stil
ocour.

All patients with TPO antbodes developed Graves' disease following
discontinuation of immune suppression after graft fallure vs. none of the
TPO-negative recipients.

Patients with CD8 islet autommunity in the lower 50th percentie all reached
complete disease remission at least up to 900 days after therapy at which
time 85% of patients with high islet autoimmunity had relapsad.

Dizease progression only halted in patients receiving their own stool,
patients had not been randomized according to composition of microbiome
or rate of isket autoimmunity.

p.m.: Autologous microbiota have recolonization advantage.

Den Hollander NHM and BO Roep Front Med 2022 9:932086



Intralymphatic glutamic acid
decarboxylase administration

In type 1 diabetes patients

iInduced a distinctive early A
Immune response in patients

with DR3DQ2 haplotype
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A Plasma miR-193b-365 Signature Combined With Age and
Glycemic Status Predicts Response to Lactococcus

lactis-Based Antigen-Specific Inmunotherapy in
New-Onset Type 1 Diabetes

Gabriele Sassi, Giada Licata, Giuliana Ventriglia, Amber Wouters, Pierre Lemaitre, Ruth Seurinck, Alessia Mori,
Giuseppina Emanuela Grieco, Samal Bissenova, Darcy Ellis, Silvia Caluwaerts, Pieter Rottiers, Niels Vandamme,

Chantal Mathieu, Francesco Dotta, Conny Gysemans, and Guido Sebastiani
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Precision medicine is changing the paradigm in T1D
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The Heterogeneity of Diabetes: Implications for
Pathogenesis, Prevention, and Treatment

Precision Vledicine:
Towards Personalised Interventions
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