) | HCL:J =
@ EOEFNdT{;\tuEE il L -_'F-run'[

IFE1 28 BioSciences Crerland - Lyon Sud

g

;'lli'"\-\.
i

iy
_g.
¥

Stratégie de greffe chez le patient
diabeéetique de type 1

Pr Emmanuel Morelon

Service de Néphrologie, Transplantation et Immunologie Clinique
Hopital Edouard Herriot — LYON
Inserm U 1111

Prise en charge précoce de la
Maladie Rénale Chronique



http://www.fondation-centaure.fr/fr/index.php

Case report 1

= Female 42 years old

= Type 1 diabetes

= Diabetes duration: 24 years

= Hb A1C 8.5% Insulin therapy: Implantable pump

= Hypoglycemia: once a day, no severe hypoglycemia

= Diabetes complication: neuropathy, retinopathy, nephropathy
= GFR: 44 mli/mn/1.73m? (CKD EPI)

= Blood Group: AB

= No evidence for macroangiopathy



Case report 1: which transplantation ?

Pancreas transplantation ?

Islet transplantation ?

Simultaneous pancreas kidney transplantation ?

Simultaneous islet kidney transplantation ?

Kidney transplantation followed by pancreas after kidney ?
Kidney transplantation followed by islet after kidney ?

No transplantation, optimal insulin therapy and nephroprotection ?



Case report 2

= Female 27 years old

= Type 1 diabetes

= Diabetes duration: 18 years

= Hb A1C 10.5% Insulin therapy: Lantus 24 Ul/day

= Hypoglycemia: 3/weeks, no severe hypoglycemia

= Diabetes complication: neuropathy, retinopathy, nephropathy
= Hemodialysis for 4 years

= Blood Group: AB

= No evidence for macroangiopathy

= Anti HLA antibodies: PRA class | 70%



Case report 2: which transplantation ?

Pancreas transplantation ?

Islet transplantation ?

Simultaneous pancreas kidney transplantation ?
Simultaneous islet kidney transplantation ?

Kidney transplantation followed by pancreas after kidney ?
Kidney transplantation followed by islet after kidney ?
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Indications et procédures

Survie du patient et du greffon

Impact sur le diabete et ses complications
Immunosuppression

Stratégie de greffe chez le patient
diabétigue de type 1
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3 cell replacement for T1D patients

Pancreas transplantation Langerhans Islets



3 cell replacement for T1D patients

Simultaneous
pancreas and kidney transplantation
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Activite de greffe de pancréas en France

2015 2016 2017 2018I 2019 2020
Créteil Henri Mondor (AP-HP) (A) 2 2 0 OI 0 0
Le Kremlin Bicétre - Villejuif Paul Brousse (AP-HP) (A) 10 10 14 10' 16 12
Lyon (HCL) (A) 25 22 26 21 32 7
Montpellier La Peyronie (A) 8 6 8 3 z, 2
Nantes (A ) 15 30 20 23 17 8
Paris Saint-Louis (AP-HP) (A) 5 3 7 3 3 0
Toulouse Ranguell (A) 13 14 21 15 13 5
France 78 89 96 77 84 34

Agence de la Biomédecine 2020




Venous and enteric drainage
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Enteric drainage
Roux-en-Y loop
Latero-lateral loop




3 cell replacement for T1D patients

Pancreas transplantation - a major operation
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3 cell replacement for T1D patients

Pancreas transplantation - a major operation
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T1D patients “ =

Post-operative pancreas graft loss: 10-15%
Secondary surgery for thrombosis, hemorrhage, fistula, abscess: 30%



Early technical failures and graft losses
Simultaneous pancreas and kidney transplantation

Tawx de survie
3

T ' T T ! T
0 12 24 36 48 60 /2 84 96 108 120
Temps (mois)
Roin

Pancréas

Graft thrombosis or graft removal because of bleeding, anastomotic leaks,
pancreatitis, and/or infection.
Agence de la Biomédecine 2020
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Islet graft
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3 cell replacement for T1D patients: islet transplantation

Islet transplant alone Islet after kidney transplantation
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Tableau IL8. Activité des laboratoires d’isolement d’llots de Langerhans (source : rapport d'activité

d'isolement d'ilots de Langerhans a partir de 2015)

Laboratoire Année Visée Clinique
Nombre| Pancréas |Isolement Echec
de | envoyé en ayant | d'isolement
Pancréas| anatomo-| aboutia I
organe | pathologie une
regus sans greffe
isolement
Genéve 2015 35 0 17 18
Genéve 2016 27 0 10 17
Genéve 2017 41 3 25 13
Genéve 2018 30 0 20 10
Genéve 2019 30 0 17 13
Genéve 2020 12 0 9 3
Grenoble 2015 1 0 0 1
Grenoble 2016 5 0 0 5
Grenoble 2017 5 1 0 4
Grenoble 2018 1 0 0 1
Grenoble 2019 0
Lille 2015 40 0 9 31
Lille 2016 46 0 12 34
Lille 2017 45 0 7 38
Lille 2018 25 1 6 18
| Lille 2019 13 0 3 10
Lille 2020 3 0 0 3
Montpellier 2015 0
Montpellier 2016 0
Montpellier 2017 0
Montpellier 2018 1 0 0 1
| Montpellier 2019 1 0 0 1
Montpellier 2020 0
Paris Saint-Louis 2015 10 0 3 7
Paris Saint-Louis 2016 12 0 2 10
Paris Saint-Louis 2017 14 0 3 11
Paris Saint-Louis 2018 13 0 2 11
Paris Saint-Louis 2019 16 0 3 13
Paris Saint-Louis 2020 7 0 1 6
Total 2015 86 0 29 57
Total 2016 90 0 24 66
Total 2017 105 4 35 66
Total 2018 70 1 28 41

Islet Isolation
IN France/Geneva

Agence de la Biomédecine 2020



The GRAGIL Network
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Survie du patient et du greffon



Pancreas and kidney survival in simultaneous
pancreas and kidney transplantation
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Survie du pancréas: SPK versus PTA

Figure PA4. Survie du greffon pancréatique selon type de greffe pancréatique (2007-2019)
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SPK patient survival by pancreas and kidney graft status
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10-years Islet graft survival
Gragil Network

Islet graft survival
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FIGURE 3 (A) Islet graft survival over follow-up in the global population, (B) ITA and IAK recipients [Color figure can be viewed at

wileyonlinelibrary.com]

Lablanche S et al, AJT 2021
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Impact sur le diabete et ses complications
= Transplantation de pancréas



Metabolic follow-up after long-term
pancreas graft survival

Table 2 Parameters of pancreas and kidney graft function from 3 months to 10 years after simultaneous pancreas/kidney transplantation.

3 months 1 year 3 years 5 years 10 years
(n=38) (n=38) (n=38) (n=238) (n=238) P

Fasting blood glucose (mg/dl) 78+2 81+2 82+2 84+2 91+2 <0.0120cde
HbA, . (%) 4.6+0.1 4.9+0.1 4.9+0.1 5.0+0.1 5.3+0.2 <0.001%@bdah
120 min glucose (mg/dl) 11817 12249 11049 11849 150+13 <0.05%9!
Normal glucose tolerance (%) 67 56 68 66 37 <0.05%9
BMI (kg/m°) 21.1+04 21.9+0.5 22.4+0.5 22.8+0.5 235+0.7 <0.05=0c08
Fasting insulin (pU/ml) 21+2 23+2 18+1 18+1 16+1  <0.05°
AUChsuiin (LU/MIX min) 11735+1365 11 754+985 11215+886 11801+995 11772+1074 Ns
Incremental insulin Alzo/AGso (LU/ml) 221450 176128 157+28 157422 168+ 36 Ns
HOMA-IR 41104 4.5+0.5 3.7+0.3 3.7+0.3 3.5+0.3 Ns
Matsuda-deFronzo ISI 3.6+04 29+0.2 3.5+0.3 3.1+0.2 3.2+0.3 Ns
S-creatinine 1.3+0.1 1.3+0.1 1.4+0.1 1.5+0.1 1.5+0.1 Ns

Mean +s.e.m. ANOVA with repeated measurements.

23 months versus 5 years. °3 months versus 10 years. “1 year versus 5 years. 91 year versus 10 years. ®1 year versus 3 years. '3 months versus 1 year. 93
years versus 10 years. h3 years versus 5 years. '5 years versus 10 years. !3 months versus 3 years.

Dieterle C et al, European Journal of endocrinology 2007



La transplantation du pancreas corrige les
lesions de néphropathie diabetique

Avant 5 ans 10 ans

Fioretto P,. N Eng J Med 1998; 339: 69.



Intérét de la transplantation rein et pancréas
chez le diabétigue de type 1 en IRT

* Amélioration de la survie du patient (vs R seul et dialyse)

« Stabilisation ou amélioration des complications degénératives
*Microangiopathie

« Rénales:
amélioration des lésions préexistantes
prévention de la récidive sur le greffon

*Neurologiques périphériques:
amélioration apres 2 ans

augmentation de la vitesse de conduction nerveuse motrice et sensitive

Ophtalmologiques
stabilisation
amélioration apres plusieurs mois si peu évolutive

* Macro-angiopathie coronaire et carotidienne

« Amelioration de la qualité de vie
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Impact sur le diabete et ses complications
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Assessing Islet transplantation compared to insulin
therapy in type 1 diabetes:
a randomized parallel study
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Lablanche S et al, The Lancet Diabetes and Endocrinology 2018



Assessing Islet transplantation compared to insulin
therapy in type 1 diabetes:
a randomized parallel study
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HbA1c Fasting glycemia

o |
(A) (B) =
™
* * * = * *
[=]
£
o
= E
s o
_ E
£ 4
g oo
3 I 2% I
@
& — —
8 m T W v Gl
L ]
=4
- - L]

Before Tx 1 year 5 years 10 years Before Tx 1 year 5 years 10 years
(n=31) (n=31) (n=28) (n=26) (n=31) (n=31) (n=25) (n=22)

Patients free of severe hypoglycemia

(©) (D) Insulin requirements
* —
100% # « H * 3
— 2a) * * *
[ ] =1e
g 80% 2
» @ 60% — - g <
55 :
ES 2
5 aow B ITA recipients E
g .
g |__—| IAK recipients 5 !
@
o 2 Before Tx 1 year 5 years 10 years
l (n=31) (n=31) (n=28) (n=25)
0%

Before Tx 1year 5 years 10 years

FIGURE 2 (A)Evolution of HbAlc (*p < .05 compared to before transplantation status), (B) fasting glycemia (*p < .05 compared to before
transplantation status), (C) percentage of patients free of severe hypoglycemia (*p < .05 as compare to ITA recipients before transplantation,
#p < .05 as compare to IAK recipients before transplantation), (D) insulin requirements over follow-up



Improvement of Electrophysiological
Neuropathy after Islet Transplantation for Type
1 Diabetes: A 5-year Prospective study
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Reduced progression of diabetic microvascular
complications with Islet cells transplantation compared
with intensive medical therapy

TABLE 2.

A GFR (mL/min/1.73 m?/yr) Medical (95% CI)

Annual rate of change in GFR by °*™Tc-DTPA and MDRD in the medical and post-ICT groups

29mTc_DTPA all subjects
=2-yr follow-up

—2.98 (—1.81 to —4.15)
—4.79 (—2.44 to —7.14)
—3.55 (—1.53 to —5.57)
—3.53 (—2.49 to —4.57)

=3-yr follow-up
MDRD all subjects

ICT (95% CI) P
—1.27 (—0.50 to —2.04) <0.0001
—1.42 (—0.44 to —2.40) <0.0001
—1.40 (—0.32 to —2.48) <0.0001
—1.49 (—1.06 to —1.92) <0.0001

GFR, glomerular filtration rate; ICT, islet cell transplantation; DTPA, **™Tc-diethylenetriaminepentaacetate; MDRD, modification of diet in renal disease;

CI, confidence interval.

TABLE 3. Progression of diabetic retinopathy in the
medical and post-ICT groups
Medical ICT

No. No. No. No.

eyes  progressed eyes  progressed
Mild NPDR 16 0 8 0
Moderate NPDR 19 1 12 0
Severe NPDR 6 2 2 0
PDR 41 7 29 0
Total 82 10% 51 0%

“ The progression is significantly more in the medical than the post-ICT
group (P<<0.01).

Thompson DM et al, Transplantation 2011



Glycemic control in Islet versus Pancreas
Transplantation in Type 1 diabetes with ESRD
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o 1 2 3 4 5 6 7 8 9 10 11 12 13
Follow-up after transplantation (years)
n (SPK/PAK) 86 71 61 45 38 31 23 15 14 13 11 6 6
n (SIK/IAK) 37 30 27 25 18 15 14 9 8 6 4 4 3

Lehmann R et al, Diabetes Care 2015



Summary: Pancreas versus islet

Simultaneous Pancreas Tx Islet Tx

with kidney

. After Kidney

. Alone

Procedural risk Major procedural risk Minor procedural risk
Immunosuppression Life-long Immunosuppression  Life-long immunosuppression
ESRD Consider SPK Avoid

Fonctional renal transplant PAK : glycemic lability IAK : glycemic lability

Severe hypoglycemia Severe hypoglycemia
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Immunosuppression



Immunosuppression

Pancreas

= Induction par ATG ou
anti-IL2R

= Traitement de base par
Tacrolimus et MMF

= L’arrét ou l'éviction des
stéroides n’a pas
montré son interét par
des études
randomisées

Ilots

Induction par ATG ou
anti-IL2R

Traitement de base par
Tacrolimus et MMF

Pas de stéroides pour
ITA

Stéroides low doses
pour IAK
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= Stratégie de greffe chez le patient
diabétigue de type 1



Des indications complexes

= Chez le patient DID | sans insuffisance rénale
= Pancréas ou ilots ou pancréas artificiel ?

= Chez le patient DID | avec insuffisance rénale chronique (DFG < 50 mi/mn)
= Rein pancréas combiné ?
= Rein flots combiné ?
= Pancréas apresrein ?
= llots apres rein ?
= Savoir si le rein suit le pancréas (diabete instable)
= Ou sile pancréas suit le rein (DFG< 20 mi/mn)



Greffe renale préemptive ou non?
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Pruijm et al, Transplantation 2006, 81:1119



Key parameters to define transplant
strategy In type 1 diabetic patients

Age (priority < 55 years)
Sensitization
Number of transplantation (priority first transplantation)
Renal function
= GFR > 50 ml/mn: Islet or pancreas
= GFR <30 ml/m: kidney graft mandatory
Diabetic control:
= Hb Alc, severe hypoglycemia, microvascular complications
Surgical risk:
= coronary disease, iliac arterial calcifications, BMI <27 kg/m2



TYPE 1 DIABETES
POOR GLYCEMIC BALANCE AND/OR SEVERE HYPOGLYCEMIA
Multi-injections or insulin pump £ CGM

¥

Normal kidney function
GFR > 50ml/min

Non stenotic iliac arteries /
no anaesthetic contra-indication
BMI < 30

¥

No macro angiopathy

o - < 55 years
Atherosclerotic iliac arteries BMI > 30

or severe cardiopathy

Age and patient’s choice BMI <30 ‘
‘ Pancreas
> 55 years < 55 years

transplantation alone

Islet to be discussed
transplantation

Islet Pancreas alone
TREPID group

transplantatlon transplantatlon Wojtusciszyn A et al, Diabetes Metab.
alone alone 2018




2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

¥

eGFR < 30 ml/min eGFR 30-50 ml/min
Evolutive No
complications complication
or brittleness

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation
BMI < 30 BMI < 30
Age < 55 Age > 55
Simultaneous
‘ ‘ kidney-pancreas Follow-up
transplantation
Simultaneous Simultaneous islet-kidney
kidney-pancreas or islet-after kidney transplantation
transplantation “possibly from living kidney donor TREPID group

Wojtusciszyn A et al, Diabetes Metab.
2018




TYPE 1 DIABETES + functional KIDNEY GRAFT

HbAlc 2 7% or severe hypoglycemia

Non stenotic iliac arteries /

no anaesthetic contra-indication ~ Atherosclerotic iliac arteries
BMI < 30 or severe cardiopathy

BMI < 30
Age > 55 years

¥

No macro angiopathy
Age < 55 years
BMI >30

¥

. Pancreas after kidney
> 55 years < 55 years Islet after kidney transplantation

‘ ‘ transplantation to be discussed

Islet after kidney Pancreas after kidney

transplantation transplantation TREPID group |
Wojtusciszyn A et al, Diabetes Metab.

2018

¥

Age and patient’s choice




Case report 1

= Female 42 years old

= Type 1 diabetes

= Diabetes duration: 24 years

= Hb A1C 8.5% Insulin therapy: Implantable pump

= Hypoglycemia: once a day, no severe hypoglycemia

= Diabetes complication: neuropathy, retinopathy, nephropathy
= GFR: 44 mli/mn/1.73m? (CKD EPI)

= Blood Group: AB

= No evidence for macroangiopathy



2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

eGFR < 30 ml/min eGFR 30-50 ml/min
EvOtes .
complications complication
or brittleness

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation

BMI < 30 BMI < 30

Age < 55 Age > 55
Simultaneous

‘ ‘ kidney-pancreas
transplantation
Simultaneous Simultaneous islet-kidney
kidney-pancreas or islet-after kidney transplantation

transplantation “possibly from living kidney donor




2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

¥

eGFR 30-50 ml/min
Evolutive No
complications complication
or brittleness

eGFR < 30 ml/min

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation
BMI < 30 BMI < 30
Age <55 Age > 55

Simultaneous
‘ kidney-pancreas Follow-up
transplantation
Simultaneous islet-kidney

or islet-after kidney transplantation
‘ possibly from living kidney donor

Simultaneous
kidney-pancreas
transplantation




2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

eGFR < 30 ml/min

Evolutive
complications com
or brittleness

blication

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation

BMI < 30 BMI < 30

Age <55 Age > 55
Simultaneous

‘ ‘ kidney-pancreas ) Follow-up
transplantation
Simultaneous Simultaneous islet-kidney
kidney-pancreas or islet-after kidney transplantation

transplantation ‘ possibly from living kidney donor



Case report 2

= Female 27 years old

= Type 1 diabetes

= BMI 22 kg/M2

= Diabetes duration: 18 years

= Hb A1C 10.5% Insulin therapy: Lantus 24 Ul/day
= Hypoglycemia: 3/weeks, no severe hypoglycemia
= Diabetes complication: neuropathy, retinopathy, nephropathy
= Hemodialysis for 4 years

= Blood Group: AB

= No evidence for macroangiopathy

= Anti HLA antibodies: PRA class I: 70%



2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

¥

eGFR 30-50 ml/min
Evolutive No
complications complication
or brittleness

eGFR < 30 ml/min

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation
BMI < 30 BMI < 30
Age <55 Age > 55

Simultaneous
‘ kidney-pancreas Follow-up
transplantation

imultaneous islet-kidney

kidney-pancreas or islgt-after kidney transplantation
Qnsplantation “ pg#hsibly from living kidney donor

Simultaneous




2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

eGFR < 30 ml/min eGFR 30-50 ml/min
Evolutive No
complications complication
or brittleness

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation
BMI < 30 BMI < 30
Age <55 Age > 55
Simultaneous
PRA > 70% ‘ kidney-pancreas Follow-up
No priori transplantation
O prio téll Simultaneous islet-kidney
kidney-pancreas or islet-after kidney transplantation

transplantation ‘ possibly from living kidney donor



2A
TYPE 1 DIABETES + REDUCED eGFR

Multi-injections or insulin pump £ CGM

¥

eGFR 30-50 ml/min
Evolutive No
complications complication
or brittleness

eGFR < 30 ml/min

No surgical or anaesthetic Surgical or anaesthetic
contra-indication contra-indication to
(especially cardio-respiratory) pancreas transplantation
BMI < 30 BMI < 30
Age <55 Age > 55

Simultaneous
‘ kidney-pancreas Follow-up
transplantation

Kidney Transplantation imultaneous islet-kidney

Living donor > Dcd donor or isfet-after kidney transplantation
possibly from living kidney donor




TYPE 1 DIABETES + functional KIDNEY GRAFT

HbAlc 2 7% or severe hypoglycemia

Non stenotic iliac arteries /

no anaesthetic contra-indication ~ Atherosclerotic iliac arteries
BMI < 30 or severe cardiopathy

BMI < 30
Age > 55 years

¥

No macro angiopathy
Age < 55 years
BMI >30

¥

Pancreas after kidney
transplantation
to be discussed

¥

Age and patient’s choice

> 55 years < 55 years Islet after kidney
transplantation

slet after kidney Pancreas after kidney

splantation transplantation
TREPID group, submitted
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Décrets, arrétés, circulaires

TEXTES GENERAUX

MINISTERE DES SOLIDARITES ET DE LA SANTE

Arrété du 5 mars 2021 modifiant I'arrété du 19 février 2015 relatif aux forfaits alloués aux
établissements de santé mentionnés a lI'article L. 162-22-6 du code de la sécurité sociale ayant
des activites de médecine, obstétrique et odontologie ou ayant une activité d’hospitalisation a
domicile

Art. 2. - L’article 6 est complété par un 27° ainsi rédigé :

« 27° Lorsque les prestations de séjour et de soins délivrées au patient donnent lieu a la production d'un des
GHM de la racine 27C03 “Transplantations pancréatiques”, la prise en charge du patient donne lieu a facturation
d'un des GHS suivants :

«— des lors qu’un acte de transplantation d'flots pancréatiques, par injection dans la veine porte par voie
transcutanée avec guidage radiologique (HNEH900), a été réalisé, la production du GHM 27C031, 27C032,
27C033 ou 27C034 donne lieu a facturation du GHS 8940 ;
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