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Programme

• Future d’ insuline, technologie…

• Future de la prévention/interventions



The challenge of insulin therapy

Injecting under the skin: 
not in portal vein

Injecting under the skin: 
once injected, insulin action will happen

Dose of insulin: 
(G)estimation based on 

bloodglucose level to start with, on 
planned meal, on planned

exercise….

Variability of insulin
preparations



The challenge of insulin therapy: Now

Insulin analogues

Apps assisting in education

Implantable pumps

Smart pens



The challenge of insulin therapy: Now

Hybrid Closed Loop systems

Insulin analogues

Apps assisting in education

Implantable pumps

Smart pens



The challenge of insulin therapy: Now

Complication protection



The challenge of insulin therapy: 5 years

Smaller sensors, more durable

Easier pump systems, durable catheters



The challenge of insulin therapy: 5 years

HCL in patchpump

Smaller sensors, more durable

Easier pump systems, durable catheters

More performant algorithms
Meal simplification- estimation

Bi-hormonal pump

Multi-metabolite sensors

Novel insulin preparations



Physiologic insulin replacement

Mealtime bolus insulin is designed to prevent the predicted postprandial increase in glucose, 

therefore maintaining tight glycaemic control.
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Physiological insulin secretion: 0.6 IU / kg / day
 40% = basal secretion
 60% = mealtime secretion

Regular
insulin bolus



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

*Adapted from Home. Diabetes Obes Metab 2015;17:1011–20
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From the normal pancreas

‘Ultra-fast’ insulin 

Regular human insulin

Ultra-fast insulin should:
Better approach physiological insulin secretion in T1D
Replace early insulin secretion in T2D
Have a better profile for CSII



Basal insulins

Mathieu C. et al Nat Rev Endocrinol 2017



A glimpse into the future of insulin treatment

Technology/devices will evolve in parallel and complement
the advances in therapeutic options

Once-weekly 
insulin

Oral insulin Glucose-sensitive 
insulin

Convenience Simplicity Improved safety



Once-weekly insulins

Fc fusion PEGylated Acylated

*Fc, antibody fragment crystallizable domain; PEG, polyethylene glycol.

DeVries, J Novel pharmacological strategies to develop weekly insulin. Rosenstock, J (Chair), Weekly basal insulin- the wave of the future. Symposium at the 80th scientific sessions by the American 
Diabetes Association. https://virtual.lww.com/ADA2020Sessions/Pages/virtual-meeting.aspx. 2020.

Novo Nordisk: 
insulin icodec

Antria/Rezolute: 
AB101

AstraZeneca Eli Lilly:
Basal Insulin-Fc 

(BIF)

Hanmi:
HM12460A



Mais… si l’on pouvait prévenir ou arrêter le diabète de type 1….?
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 ~5% des personnes
diabétiques

 Déficit en insuline
 Besoin

d’insulinothérapie
 Enfants, 

adoléscents et 
adultes

T1D: NOUVELLE DÉFINITION

Sims E. et al Diabetes Care 2022; Adapted from www.TrialNet.org



Pourquoi n’a t’on pas encore arrêté cette maladie?
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▰ Phase préclinique prolongée

▰ Jeunes et enfants

▰ Modèle animal

▰ Tissu cible (cellule bèta): accès difficile, visualisation

▰ Marqueurs dans le sang



Arrêter T1D: Qu’avons-nous appris? 
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▰ Le système immunitaire joue un rôle central
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Comment les cellules bèta sont-elles détruites en T1D?

Gysemans C



Prédisposition génétique

20

1,00

1,25

1,50

1,75

2,00

2,25

6.50
O

d
d

s 
ra

ti
o

HLA, human leukocyte antigen.

Concannon P, et al. N Engl J Med 2009;360:1646–54.

Insulin production & metabolism Immunity β cell apoptosis protection Unknown function



INCIDENCE de T1D
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Norris JM et al. Lancet Diabetes Endocrinol 2020



Déclancheurs
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Diet

Toxins

Microbiome

Virus

Rewers M et al. Curr Diab Rep 2013



INCIDENCE de T1D… COVID
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Tittel SR et al. Diabetes Care 2020



Histoire naturelle de T1D
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Eisenbarth GS. N Engl J Med 1986;314:1360–8.

Putative
trigger

Loss of first-phase 
insulin response (IVGTT)

Glucose intolerance
(OGTT)

Clinical
onset—

only 10% 
of

-cells 
remain 

Time

-cell 
mass 100%

“Pre”-
diabetes

Genetic
predisposition

Insulitis
-cell injury Diabetes

GAD65, glutamic acid decarboxylase; ICA, islet cell antibodies; IVGTT, intravenous glucose tolerance test; OGTT, oral glucose tolerance test.



Histoire naturelle de T1D
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van Belle TL, et al. Physiol Rev 2011;91:79–118.



Arrêter T1D: Qu’avons-nous appris?
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Dayan CM et al Lancet 2021



Arrêter T1D: Qu’avons-nous appris? 
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▰ Le système immunitaire joue un rôle central

▰ Immunomodulation de longue durée prévient le diabète

dans la souris NOD (et arête la progression dans

l’homme….)



Immunomodulation dans la souris NOD
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Anti-CD4

Cyclosporine A

FK506

Irradiation

Thymectomy

Bone marrow transplantation

Anti-CD2

Cytokines

Antibodies against cytokines

1,25-dihydroxyvitamin D

FTY20

Rapamycin

Immune stimulation

Anti-CD3

mATG



Immunomodulation de longue durée: GOLIMUMAB
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T. Quattrin et al NEJM 2020



Arrêter T1D: Qu’avons-nous appris? 
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▰ Le système immunitaire joue un rôle central

▰ Immunomodulation à court terme prévient le diabète dans la 

souris NOD et de façon temoraire dans l’homme



ETUDES HUMAINES D’IMMUNOMODULATION
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Cyclosporin Transient effect

Teplizumab Anti-CD3 Transient effect

Otelixizumab Anti-CD3 Transient effect (dose-dependent)

Etanercept (anti-TNFa) ?? Effect

Golimumab (anti-TNFa) ?? Effect

Mycophenylate+Anti-CD25 No effect

Rituximab Anti-CD20 Transient effect

Abatacept CTLA4-Ig Transient effect

Canakinumab Anti-IL1-β No effect

Anakinra IL-1RA No effect

High dose ATG No effect

Low dose ATG (+G-CSF) Transient effect

Rapamycin/IL-2 therapy Worsening effect

Glivec ?? Effect
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Teplizumab (anti-
CD3 mAb) 
prolonge la survie
des cellules bèta 
chez les gens à 
haut risque de 
T1D (Stage 2)

Arrêter T1D: Qu’avons-nous appris? 

Sims E. et al Sci Transl Med 2021

*32.5 mo delay (27.1 vs 59.6mo)

*
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Arrêter T1D: Qu’avons-nous appris? 

Herold K. et al NEJM 2019



Arrêter T1D: Qu’avons-nous appris? 
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▰ Le système immunitaire joue un rôle central

▰ Immunomodulation prévient le diabète dans la souris NOD 

et de façon temoraire dans l’homme

▰ T1D est une maladie hétérogène



T1D est une maladie hétérogène
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Just type 1 Type 1, Celiac disease, Graves

RA, alopecia

Onset 6 months Onset 75years

IAA IAA, GAD, IA2, ZnT8

HbA1c 10% HbA1c 6.5%

Cpeptide unmeasurable Lifelong Cpeptide left

Complications

Diagnosis

Clinical behaviour



Leete P et al. Diabetologia 2020

Fluorescence micrographs showing (a) Islet in which proinsulin 

and insulin are segregated. Enlarged region (dotted square in 

upper panel) is shown in the lower panel. (b) Islet with aberrant 

proinsulin processing. Enlarged region (dotted square in upper) is 

shown in lower panel. Green, insulin; red, proinsulin; yellow, co-

localisation of the antigens. Scale bar, 20 μm

Dot plot showing distribution of the MOC (a measure of proinsulin–insulin co-localisation) in individual islets from 

pancreas samples obtained within 2 years of diagnosis of type 1 diabetes for individuals with disease onset at <7 

years, 7–12 years and ≥13 years. Individuals in each age group were separated into CD20Hi (red) and CD20Lo (blue) 

subgroups, respectively. Data from control individuals without diabetes are presented as grey circles for those aged <7 

years (far left) or ≥13 years (far right). Black horizontal bars represent median values for each group

Quality of insulitis differs by age: role of B lymphocytes



Arrêter T1D: Qu’avons-nous appris? 
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▰ Le système immunitaire joue un rôle central

▰ Immunomodulation prévient le diabète dans la souris NOD 

et de façon temoraire dans l’homme

▰ T1D est une maladie hétérogène

▰ Combinaisons de thérapies



Immunomodulation

Induction de tolérance

+



diabetes reversal?
Immune tests

Follow up
End Point

Long term
diabetes reversal?

Start 5 days

aCD3 (2,5µg/day)
+ L.lactis (2x109CFU)

Newly-diagnosed
diabetic NOD mice

(>200 mg/dl)

5 weeks

Follow up

week 6

Group 1: αCD3
Group 2: αCD3 + L.lactis with empty vector (LL-pT1NX)
Group 3: αCD3 + L.lactis secreting pro-insulin + IL-10 (LL-pins + hIL-10)
Group 4: aCD3 + L.lactis secreting pro-insulin (LL-pins)
Group 5: aCD3 + L.lactis secreting IL-10 (LL-hIL-10)
Group 6: L.lactis secreting pro-insulin + hIL-10

Groups:

week 14

Experimental design

Takiishi et al JCI 2012, 122(5): 1717-25 
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Non-treated diabetics (n=9)

LL-(PINS + IL10) (n=13) 15%
anti-CD3 + LL-PTNX (n=22) 23%

anti-CD3 + LL-IL10 (n=30) 40%

anti-CD3 (n=32) 25%

Reversal of diabetes

*,vs. anti-CD3+LL-PINS+IL-10.One symbol represents 0.01<p<0.05; two symbols

represent 0.01<p<0.001. Statistical differences were calculated by Mantel-Haenszel

logrank test.

anti-CD3 + LL-PINS (n=35) 49%

anti-CD3 + LL-PINS + IL10 (n=61) 59%

*
*

**

**

*

Takiishi et al. JCI 2012, 122(5): 1717-25 
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MELD-ATG IMPACT VER-A-T1D „Iscalimab“

Age groups 

(years)

5 – 25 18 – 45 18 – 45 6 – 21 

Number of 

participants

N=114 N=84 N=120 N=102

Design Randomised to 

different parallel arm of 

amount of trial 

medication

(total 32 placebo)

(ATG)

Randomised to different 

cohorts based on 

treatment  arm and age

(Immotope)

Randomised 2:1 

(Verapamil SR: 

placebo)

Randomised 2:1 

(CFZ533: placebo)

(fully-human anti-CD40 

monoclonal antibody 

non-depleting for B 

lymphocytes )

Treatment Infusion

2 consecutive days

Injections

6 times fortnightly

(2nd step has booster 

dose at 24 weeks)

Tablets

Once daily for 1 year

(titrated 120mg to 

360mg)

IV / SC

1st dose IV, then

home SC injections 

for 1 year

Visits 1, 2, 4 weeks

3, 6, 12 months

4, 24 and 48 weeks 4 and 6 weeks

3, 6, 9, 12 months

Monthly for 1st year, 

then twice per year

Duration ~12 months ~12 months 12 months 12 mo treatment

~16 - 36 mo total

Etudes INNODIA
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Arrêter T1D: Qu’avons-nous appris? 
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▰ Le système immunitaire joue un rôle central

▰ Immunomodulation prévient le diabète dans la souris NOD 

et de façon temoraire dans l’homme

▰ T1D est une maladie hétérogène

▰ Combinaisons de therapies

▰ Prédiction et prévention



Ou sont les gens à haut risque…..?
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www.bdronline.be

http://www.bdronline.be/
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Conclusion

• Future d’ insuline, technologie…

• Future de la prévention/interventions


