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Conflits intéerets

* Honoraire consultance / advisory board:
— Astra Zeneca (Evusheld)
— Hansa (Inflimidase)

* Aucun en rapport avec thématique traitée
dans cette présentation



DEFINITION



POSTTRANSPLANTATION
DIABETES MELLITUS

Recommendations

2.20

2.21

2.22

After organ transplantation,
screening for hyperglycemia
should be done. A formal
diagnosis of posttransplanta-
tion diabetes mellitus is best
made once the individual is
stable on an immunosuppres-
sive regimen and in the
absence of an acute infec-
tion. B

The oral glucose tolerance
test is the preferred test to
make a diagnosis of post-
transplantation diabetes mel-
litus. B

Immunosuppressive regimens
shown to provide the best
outcomes for patient and graft
survival should be used, irre-
spective of posttransplantation
diabetes mellitus risk. E

ADA, Diabetes Care, 2022

D . f. . t .
FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*
OR

2-h PG =200 mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described
by WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose
dissolved in water.*

OR

A1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method
that is NGSP certified and standardized to the DCCT assay.*

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random
plasma glucose =200 mg/dL (11.1 mmol/L).

 NODAT: New Onset Diabetes After Transplantation

 PT_M: Post-Transplant Diabetes Mellitus

*  90% des transplantés rénaux ont une
hyperglycémie transitoire les premieres semaines
post-greffe qui ne doit pas étre étiquetée de
Diabete post-greffe

« Proceedings From an International Consensus Meeting on
Posttransplantation Diabetes Mellitus: Recommendations and Future
Directions » ; American Journal of Transplantation, 2014



PHYSIOPATHOLOGIE



Mécanismes « dérégulation » glycémique IRC
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Physiopathologie PTDM

f :

Insulin resistance
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Yates et al ; American Journal of Transplantation ; 2012

B. Verges ; Diabetes research and clinical practice ; 2015



Histoire naturelle du diabete

Diabete de type 2

Susceptibility Adaptation Failure
Genetic Component B-cell mass expansion Glucolipotoxicity

Fetal Environment Insulin secretion Oxidative Stress

B-cell mass

Time I
Greffe

Alejandro et al. ; Molecular Aspects of Medicine ; 2015



Cumulative Incidence

Incidence cumulée de diabete avant et
apres greffe rénale
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Woodward et al. ; AJT ; 2003



EPIDEMIOLOGIE



Incidence du NODAT

NODAT incidence (%)

Months post Years post F"nmary mamtenance
immunosuppressive
Study N Definition 1 2 3 6 1 4 6 7 Population regimen
Hagen et al. (2003) (Ref. 9) 63 OGTT 19 22 White Norwegian Pred, CsA, Aza
David-Neto et al. (2007) (Ref. 10) 84 OGTT 14 18 19 9 Nonobese Brazilian Pred, Tac, MMF
Hur et al. (2007) (Ref. 11) 77 OGTT 39 35 Korean Pred, CsA, MMF
Porrini et al. (2008) (Ref. 12) 154 OGTT 31 20 Spanish Pred, Tac, MMF
Valderhaug et al. (2009) (Ref. 13) 1637 OGTT 172 White Norwegian Pred, CsA, Aza/MMF
Luan et al. (2010) (Ref. 14) 591 FBG 15! White/African Pred, CsA, MMF/
American Sirolimus

Pred = prednisone/prednisolone; CsA = cyclosporine A; Tac = tacrolimus; Aza = azathioprine; MMF = mycophenolate mofetil.

=> |ncidence : 9 a 39%

Derolcasms

Nu

e since traraplant [imonths)

Yates et al ; American Journal of Transplantation ; 2012
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Jenssen et al; Nature Reviews Endocrinology ; 2019




Effets deléteres associés avec le NODAT

A. Sharif et al ; Nat Rev Nephrol ;2012



Proportion of patients

Patient survival

free of CV disease

Mortalité post-greffe
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Probability of no death censored graft loss
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Effet causal ou facteur confondant?

Causalité

O 1100% des gens
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© pas meurent

Corrélation wiwwn asaedifors com
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7~

Exces pondéral

Insulino-
résistance

Evénement CV

Hyperglycémie



Facteurs de risque

Non-modifiable  Potentially modifiable  Modifiable

» African American, Hispanic

Individualization of
Immunosuppressive therapy

- Age > 40-45 yrs

* HCV

* Recipient male gender

« CMV

» Family history of DM * Tacrolimus

« Pre-tx IFG/IGT

« HLA A30, B27, B42 * Cyclosporine

* Proteinuria? » Corticosteroid

* HLA mismatches

* mTOR inhibitors
« Anti CD25 mAB?®

« Acute rejection history + HypoMg?*

* Deceased donor

* Male donor Obesity or other component

of the metabolic syndrome

- Polycystic kidneys

Pham et al ; Diabetes, metabolic syndrome and obesity : targets and therapy ; 2011



MESURES PREVENTIVES



Prévention du PTDM

High risk patient

Chirurgical approach

Selected patients

<L)

¥

Low immunological risk

Consider changes
in immunosuppression
(de novo or in case of PTD)

| Steroids sparring
CsA instead of Tacrolimus
Belatacept

m

Always

N In research

Lifestyle measures
>

Adapted physical activity
Dietary interventions

Pharmalogical approach
Insulin

Gliptins
GLP-1 agonists

Ducloux D., Courivaud C. ; J. Pers. Med. ; 2022



Etude CAVIAR (Glycaemic Benefits of Active Versus Passive
Lifestyle Intervention in Kidney Allograft Recipients

* Essai randomisé controlé 1:

1

* N=130 (3 a 24 mois post-KTx)

* |ntervention:
e Visite chez diététiciens

Suivi a 6 mois
20 % d’arréts prématurés de I'étude

e Critéres de jugements:
13re: Mesure ssb a I'insuline (HOMA)

[ ]
Methc_)dol.ogle visant a une . paire. PTDM...
modification du style de vie
Clinical outcomes at 6-mo
Parameter Active Passive Mean difference P
Weight (kg) = SD Baseline 79.03 +16.10 81.28 +14.73 —2.47 [-4.01 10 -0.92] 0.002
Follow-up 7791 £16.50 82.66 + 14.72
A Change -1.20 £ 4.38 +1.26 + 3.32
Waist—hip ratio + SD Baseline 0.947 +0.102 0.950 + 0.086 —0.007 [-0.032 t0 0.017] 0.552
Follow-up 0.940 + 0.098 0.948 + 0.095
HbA1c (mmol/mol) + SD Baseline 38752 39.7+59 —0.46 [-2.08 10 1.16] 0.572
Follow-up 39.0+6.0 40.6 + 6.8
A Change +0.32 + 4.01 +0.78 + 4.08
Impaired fasting glucose 18 (32.1%) 15 (31.9%) - 0.575
Impaired glucose tolerance 10 (22.7%) 9 (23.7%) - 0.562
Posttransplantation diabetes 5 (7.6%) 10 (15.6%) - 0.123
Any anti—glycemic medication 1(1.5%) 3 (4.7%) - 0.298

K. Kuningas et al ; Transplantation ; 2020




Intérét de la chirurgie bariatrique

Population (pré-)greffe

Management of obesity in kidney transplant candidates and

recipients: A clinical practice guideline by the DESCARTES
Working Group of ERA

Gabriel C. Oniscu', Daniel Abramowicz?, Davide Bolignano (2°, Ilaria Gandolfini %, Rachel Hellemans?,

Umberto Maggiore (2%, Tonut Nistor, Stephen O’Neill®, Mehmet Sukru Sever®, Muguet Koobasi (210
and Evi V. Nagler (2!

We suggest considering bariatric surgery in kidney trans-
plant candidates with a BMI >40 kg/m? (2C).

We suggest considering bariatric surgery in kidney trans-
plant candidates with a BMI >35 kg/m? with at least one major
obesity-related condition that can be improved by weight
loss (2D).

We suggest laparoscopic sleeve gastrectomy over other

forms of bariatric surgery in kidney transplant candidates
(2D).

831 références répertoriées
32 études contrblées retenues (aucune étude
randomisées)
6 études portant sur chir bariatrique avant KTx
3 rapportent effet sur PTDM :

e 133 chirvs. 192 contréles

e PTDM 0-9% vs. 11-43%

Nephrol Dial Transplant ; 2022

Population générale

(a) SOS. Remission from diabetes over 2 and 10 years
801 Control
70 4 W Surgery

Remission, %
=

Number of subjects: 2 year 10 Year
Control 248 84
Surgery 342 118

Adjusted Odds ratio 8.42 345

95% Cl1 5.68-12.5 1.64 - 7.28

P value <0.001 <0.001

(b) SOS. Incidence of diabetes over 2 and 10 vears

25 <
@ Control
® 207"| mSurgery
-~
g 151
=
o
= 104
<
=
54
04
Number of subjects: 2 year 10 year
Control 1402 539
Surgery 1489 517
Adjusted Odds ratio 0.14 0.25
95% CI1 0.08-0.24 0.17 - 0.38
P value <0.001 <0.001

L. Sjostrom ; Journal of Internal Medicine ; 2013



Early Postoperative Basal Insulin Therapy versus
Standard of Care for the Prevention of Diabetes
Mellitus after Kidney Transplantation: a Multicenter,
Randomized Trial

JASN

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

METHODS
263 Non-Diabetic
Kidney Transplant Recipients

RESULTS

Month 12

@ - - Intention-To-Treat
o> (TT)
O @ &Triple [1“%] 7%

Immunosuppression

| Treatment Group
0.9% » .

Randomization (1:1) Diabetic

82.8%
ﬁ 825% Non-Diabetic
Control Group
Per-Protocol
N (PP)
@ @ 18% 38%
.’ 0.9%

1.9% ‘

Treatment Group

2

Standard-of-
Care Control

=
Blood Glucose

Monitoring &
Basal Insulin Treatment

Control Group

OUTCOME

Post-TranspIant Diabetes Mellitus
(PTDM) at Month 12

Odds Number

Ratio,,mdiusted. Needed to
Treat

ITT: 0.82 ITT: 44

(0.39-1.76)

PP: 0.40 PP: 12

(0.16-1.01) ﬂ

High-Risk Population

ITT: 0.53 ° ITT: 9
(0.23-1.22) h

PP: 0.20 PP: 5
(0.07-0.59) g\ p<0.01

Difference between ITT and PP g

*After adjustment for polycystic kidney disease (PTDM risk factor) and glomerular nephritis (both being significantly different between groups at
baseline), the Odds Ratio for the PP analysis became significant. *Four patients were mislabeled and 3 patients did not follow the protocol at all.

CONCLUSIONS
Early postoperative basal insulin administration has the potential to decrease sustained

doi: 10.1681/ASN.2021010127

PTDM, but the therapeutic benefit depends on protocol adherence. This intervention may

be particularly beneficial in patients who are at higher risk of developing hyperglycemia.

Elisabeth Schwaiger et al. JASN 2021;32:2083-2098



TRAITEMENT DU DIABETE AVERE



Prise en charge séquentielle du PTDM

Diagnosis

Do notd se PTDM

Jse tolerance test

andom glucose
3.
1.
2.
3. ndom glucose

* HbAlc al®ne <365 days will under-estimate P

Time posttransplant (days)

Management
Insulin
Insulin
Oral anti-glycemic agents
Lifest odification
Oral anti- mic agents
Insulin

PM and needs corroborating

A. Sharif ; Am J Transplant. ; 2014



Cumulative Incidence of Any Predefined

Cardiovascular Qutcome
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Nathan et al ; NEJM ; 2005

Proportion with Event

UKPDS
D2, 9,5 ans (n=4209)

15% réduction du risque

e p=0,01

1 P=0.01
0.8+
0'6-_ Traitement Conventional
0.4 randomisé therapy —/]_
0.2+

- Sulfonylurea-insulin
0.0 T I 1 1

-
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Hollman et al ; NEJM ; 2008



Patients with Events (%)

HbAlc: « the lower , the better » ?

ACCORD

D2; n=10.251 ; HbA1c 8,1% => <6% vs 7-7,9%

25

20

154

10+

Mortalité toute cause (%)

HR 1.22
(95% ClI, 1.01 to 1.46)

Intensive therapy

Standard therapy

ACCORD Study Group; NEJM; 2008

ADVANCE

D2 ; n=11.140; objectif HbAlc < =6,5%

25+

204

154

10

Crit. microvasculaire (%)

HR 0.86

(95% Cl, 0.77 to 0.97)
i i Standard
controlw‘ ;
i il - Intensive
| e control
P=0.01 |ipae

T

T T t T T } T T T
6 12 18 24 30 36 42 48 54 60 66

0
Months of Follow-up
25+ '
HR 0.93
204
< ™1 (95% ClI, 0.86 to 1.06)
\©  15- | 3
= ' Standard
© | control
T 101 e ™
o ! -
S ! L= |ntensive
54 p-0.28 i . control
0 T‘ T ] i T T T % 1 T T
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Months of Follow-up

ADVANCE Collaborative Group; NEJM ; 2008




log(Hazard Ratio)

HbAlc: « the lower, the better » ?

ACCORD

relation complexe HbA1lc -

Adjusted log(Hazard Ratio) by Treatment Strategy
Relative to Standard at A1c of 6%

Intensive

Standard

Average A1c (%)

Roles des hypoglycémies séveres

Clinical Outcome and Interval
after Hypoglycemia

Macrovascular events
3 mo
6 mo
Microvascular events
3 mo
6 mo
Death from any cause
3 mo
6 mo
Death from cardiovascular cause
3 mo
6 mo
Death from noncardiovascular cause
3 mo

6 mo

ADVANCE

Hazard Ratio
Adjusted for
Treatment Assignment
(95% Cl)

1147 4.05 (2.86-5.74)

3.27 (1.22-8.73)

2.61 (1.17-5.83)
1131 2.39 (1.60-3.59)
)
)
)

No. of Events

2.90 (1.09-7.74
3.24
1031 4.36
10.4 (6.02-18.00)

(

(

(

(

(1.62-6.50

(

(
7.28 (4.50-11.80)

(

(

(

(

(

(

3.60-6.57

542 4.87 (3.17-7.49)
6.25 (2.34-6.70)
4.20 (1.74-10.10)
489 4.82 (3.16-7.35)
14.20 (7.35-27.60)
10.30 (5.78-18.20)

P Value
<0.001
0.02
0.02
<0.001
0.03
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.001
<0.001
<0.001

Zoungas; NEJM ; 2010



Objectifs glycémiques




Traitements actifs

(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

Glucose-lowering agents for treating pre-existing and new-onset

diabetes in kidney transplant recipients (Review)

Lo C, Toyama T, Oshima M, Jun M, Chin KL, Hawley CM, Zoungas S

Cochrane Database of Systematic Reviews 2020



Types d’interventions

Insulinothérapie intensive

Inhibiteurs du DDP-4

(Glitazone)

Gliptine — Agonistes du GLP-1 => pas d’étude
Gliflozine



Insulinothérapie intensive vs moins intensive

Outcomes No. of partici- Certainty of the Relative effect Anticipated absolute effects” (95% Cl)
pants evidence (95% ClI)
(studies) (GRADE) Risk with less intensive insulin Risk difference with more intensive in-
therapy sulin therapy
Transplant or graft 301 (4) D000 RR1.12 63 per 1,000 8 more per 1,000
survival VERY LOW 1,2,3,4 (0.32t03.94) (43 fewer to 186 more)
assessed with: graft
loss/rejection
TIme frame: 13
months to 5 years
Delayed graft func- 153 (2) @000 RR0.63 430 per 1,000 159 fewer per 1,000
tion VERY LOW 3,5,6,7 (0.42t0 0.93) (250 fewer to 30 fewer)
Time frame: 1to 3
years
HbAlc 16 (1) BOOO -- Barbosa 1983 reported HbAlc changed from 15 + 2.3% (mean + SEM: 140 + 25
. VERY LOW 3, 8,9 mmol/mol, month 7) to 13 + 0.9% (119 + 10 mmol/mol, month 13) in the less in-
Time frame: 13 tensive group, and changed from 11 + 0.4% (97 + 4 mmol/mol, month 7) to 10 +
months 0.8% (86 + 9 mmol/mol, month 13) in the more intensive group
FBG (mmol/L) 24 (1) DOOO - Barbosa 1983 reported that intensive insulin therapy achieved a lower FBG
. VERY LOW 3, 8,9 (mean + SEM: 7.22 + 0.50 mmol/L) compared with less intensive insulin therapy
Time frame: 13 (13.44 £ 1.22 mmol/L) at 13 months (the study lasted for 2 years)
months
Kidney function 36 (1) D000 - HiRT 2016 reported eGFR increased by 4.6 (95% CI -9.75, 18.95) mL/min/1.73 m?,
markers: creati- VERY LOW 3,4,9,10 and serum creatinine changed by -10.6 (95% CI -37.0, 15.7) umol/L after 1 year
nine, eGFR follow-up of 36 participants
Time frame: 1 year
Death (any cause) 208 (3) DOOO RR0.68 118 per 1,000 38 fewer per 1,000
VERY LOW 3,4,11 (0.29 to 1.58) (84 fewer to 69 more)
Time frame: 1to 5
years
Hypoglycaemia 301 (4) OO - Barbosa 1983 reported in the narrative that intensive insulin therapy resulted in
. VERY LOW 1,3,5 more frequent and severe episodes of hypoglycaemia compared with standard
Time frame: 13 insulin therapy. Barbosa 1994 reported only severe hypoglycaemic episodes,
months to 5 years that is, those requiring third party assistance. More intensive insulin therapy re-
sulted in a higher rate of severe hypoglycaemia compared with less intensive in-
sulin therapy (1.7 episodes/patient/year versus < 0.1episodes/patient/year, P <
0.001). Of the 29 episodes of severe hypoglycaemia resulting in hospital admis-
sion, 26 occurred in the intensive insulin group. A patient in the intensive insulin
group remained comatose for 6 days and required a 2-week hospital admission.
In Hermayer 2012, intensive insulin therapy may have increased the risk of se-
vere hypoglycaemia (< 2.2 mmol/L), however the 95% Cl indicated there may be
no difference (RR 3.90, 95% CI 0.85 to 17.78) compared to less intensive insulin
therapy. HIiRT 2016 reported no episodes of hypoglycaemia in either arm
Discontinuation of 60 (1) D006 No events HiRT 2016 reported the outcome, but no events were observed (n = 60)

medication due to
adverse events

Time frame: 1 year

VERY LOW 3,10




Inhibiteur du DDP-4 vs placebo

Outcomes No. of partici- Certainty of the Relative effect Anticipated absolute effects* (95% Cl)

pants evidence (95% Cl)

(studies) (GRADE) Risk with placebo Risk difference with DPP-4 inhibitors
Transplant or graft sur- Not reported - - - --
vival
Delayed graft function Not reported -- -- -- -
HbAlc 32(1) BDOO - The mean HbAlcin the placebo  The mean HbAlc was 0.5% lower in the

) LOw 1,2 group was -0.1% (-1 mmol/mol)  DPP-4 inhibitors group (0.85% lower to
Time frame: 3 months 0.15% lower); 5 mmol/mol lower (9 low-
erto 2 lower)
FBG 32 (1) BDOO -- The mean FBG in the placebo The mean FBG was 0.75 mmol/L lower in
Low 1,2 group was -0.18 mmol/L the DPP-4 inhibitors group (1.48 lower to
Time frame: 3 months 0.02 lower)
Kidney function markers 32 (1) ®BOO - The mean eGFR in the placebo The mean eGFR in the DPP-4 inhibitor
assessed with: eGFR Low 1,2 group was 2.1 mL/min/1.73 m? group was 0.2 mL/min/1.73 m? lower
(6.07 lower to 5.67 higher)
Time frame: 3 months
Death (any cause) Not reported - - - -
Hypoglycaemia 51(2) ICIOIC) - Haidinger 2010 did not report any hypoglycaemia in the vildagliptin group
VERY LOW 1,3 (n=16)
Time frame: 8 to 16 Strom Halden 2014 reported 2 patients had asymptomatic moderate hypo-
weeks glycaemia in the sitagliptin group (n = 19) although these patients were also
receiving glipizide

Discontinuation of med- 51 (2) OO -- Haidinger 2010 reported no discontinuation of medication due to adverse
ication due to adverse VERY LOW 1,3 events (n=32)

events

Time frame: 8 to 16
weeks

Strom Halden 2014 reported one event in the sitagliptin group (n 19)




Gliflozine vs. Placebo

Outcomes No. of participants Certainty of the evidence Impact

(studies) (GRADE)
Transplant or graft sur- 44 (1) BODO EMPA-Renal Tx 2019 reported that no patients in either the group receiving em-
vival assessed with: graft MODERATE 1 pagliflozin or placebo were suspected of having a kidney graft rejection. Fol-
loss/rejection low-up, however was only over 24 weeks

Time frame: 24 weeks

Delayed graft function Not reported - --
HbAlc 44 (1) &POO EMPA-Renal Tx 2019 reported that in patients with pre-existing or new onset di-

] Low 1,2 abetes receiving a kidney graft, empagliflozin significantly reduced the median
Time frame: 24 weeks HbA1lc compared to placebo (-0.2%, (-0.6, -0.1) vs 0.1%, (-0.1, 0.4), P = 0.025 (-2.0

mmol/mol (-6.5, -1.0) vs 1.0 mmol/mol (-0.75, 3.8), P =0.018))
FBG (mmol/L) 44 (1) BDOO EMPA-Renal Tx 2019 reported that in patients with pre-existing or new onset dia-

] Low 1,2 betes receiving a kidney graft, empagliflozin did not reduce the median FBG com-
Time frame: 24 weeks pared to placebo (-0.65 mmol/L, (-1.2, -0.13) vs 0.30 mmol/L (-0.45, 0.55) P = 0.272)
Kidney function markers 44 (1) PO EMPA-Renal Tx 2019 reported that in patients with pre-existing or new onset di-
assessed with: creatinine, Low 1,2 abetes receiving a kidney graft, empagliflozin had a similar effect on change in
eGFR eGFR compared to placebo at 24 weeks. (-3.0 mL/min/1.73 m?, (-7.0, 0) vs -1.0 mL/

) min/1.73 m? (-2.8, 0.75) P = 1). However, at 8 weeks, there was a temporary decline
Time frame: 24 weeks in eGFR compared to placebo (-4.0 mL/min/1.73 m? (-7.0, -1.0) vs -1 mL/min/1.73

m2 (-2.0, 2.0), P <0.05)

Death (any cause) Not reported - -
Hypoglycaemia 44 (1) P00 EMPA-Renal Tx 2019 reported no episodes of hypoglycaemia in either the treat-

MODERATE 1 ment or placebo group
Time frame: 24 weeks
Discontinuation of med- 49 (1) SOBO EMPA-Renal Tx 2019 reported that two patients receiving empagliflozin (2/24)
ication due to adverse MODERATE 1 withdrew from the study, one patient due to urosepsis, and one patient due to re-
events peated urinary tract infections. One patient was withdrawn from the placebo arm

due to colon cancer (1/25)
Time frame: 24 weeks




Spécificités pharmacologiques chez le transplanté

Fonction rénale

Interactions médicamenteuses

2) Hepatocytes of the liver (\Drug)

.....

_'_I_I

0 20 40
eGFR (ml/min/1,73m?)

60

Bailey CMAJ, 2004

80 100 120
1er quartile Tacrolimus, Ciclosporine, Everolimus, Sirolimus

CYP3A4 inhibitors l | CYP3A4 inducers

» Inhibitors reduce clearance » Inducers increase clearance

Increased blood levels ’ CYP3 A4 0 Decreased blood levels

» Dose reduction of aripiprazole » Dose increase of aripiprazole

may be needed may be needed
e Erythromycin e Carbamazepine
* Ketoconazole e Phenytoin

o Nefazodone



Interactions médicamenteuses cliniguement significatives
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D* Lexicomp® : Ciclosporine + Repaglinide (Novonorm®), AUC +144% C,__, +75% => risque hypo
A. Tornio, Trends in Pharmacological Sciences, 2012.

Inhibiteurs SGLT-2 (Glifozines)

Dapaglifozine 5-10 78% 91% 12.9 UGT1A9 No ? Renal (glucoronoconjugate)

Empaglifozine 10-25 ? 86% 12.4 UGT2B7, UGT1A3, UGT1AS8, No ? Renal (glucoronoconjugate)
UGT1A9 Feces (unchanged)

Pas d’interaction attendue avec les immunosuppresseurs



Agents hypoglycémiants et stade d’IRC

| cko-3 CKD-4 ] CKD-5ND CKD-5D

Metformin 1,5g-850 mg/day* 500 mg/day** Consider carefully/Awaiting further data
Chlorpropamide _ 100-125 mg/day
Acetohexamide
Tolazamide

Tolbutamide  250mg, 1-3 times/day

Glipizide
Sulfonylureas Glicazide  Start at low doses and dose titration every 1-4 weeks

Glyburide

Glimepiride  Recude dosage to 1 mg/day
Gliquidone

Repaglinide Limited experience available

Nateglinide Start at 60 mg/day

<50mg
— Aairbiose use lowest dose and
inhibitors

Miglitol  Limited experience available

Pioglitazone

Sitagliptin Reduce to 50 mg/day Reduce to 25 mg/day

Vildagliptin Reduce to 50 mg/once daily
DPP-IV

inhibitors Reduce to 2,5 mg/once daily

Saxagliptin

Linagliptin

Reduce to 12,5 mg/daily
Reduce dose to 5 mcg/once to twice daily
Liraglutide  Limited experience available

Alogliptin

Exenatide

Incretin
Mimetics

Careful use if GFR 80-50 mL/min No experience

Lixisenatide available

Pramlintide  Limited experience available

Dapagliflozin  Limited experience available
SGLT-2
inhibitors

Canagliflozin Reduced efficacy Careful monitoring

Empaglifiozin  Limited experience available



GLIFLOZINES - INHIBITEURS DU SGLT-2
& TRANSPLANTATION RENALE



Sodium —glucose cotransporter 2
inhibition and cardiovascular risk
reduction in patients with type 2
diabetes: the emerging role of

Nnatriuresis

SELTE inhibition

Natriuresis
Negative M Tubulo-
caloric JHbAlc TUricosuria —» “l'rgg)sﬂfm 1 tﬂllﬁ?nn;a == | glomerular
balance P feedback
JTotal body | | 4 Inflammation L Plasma LArterial L Myocardial ﬂ;ﬁ%?é
fat mass | || Glucose toxicity uric acid stiffness | : streteh constriction
L Epi Y = \ Y l ! T B "i"
icardia - | LVentricular |«-{ Activation of
fat |- vAtherosclerosis | ;| “arrhythmias | | ACE2 - Ang1/7
J Inflammation “A| tCardiac J Intraglomerular
{ Fibrosis |- contractility hypertension

Cardiac & Renal Protection

| Hyperfiltration

Rajasekeran et al. KI; 2016



Effets réenaux des inhibiteurs SGLT-2 et du SRA

Cument Medical Research & Opinicn Volume 31, Numbar 12 December 2015

SGLTZit tubuloglomerular feedback, ACEi and ARE | efferent
1 afferent arteriole tone, and arteriole tone, and
} intraglomerular pressure Affarent Ffferent }intraglomerular pressure
arteriole arteriole
1. Filtration
Glomenular g ﬁmn"
¥ capllaries { 4. Excretion ¥
Initial } in eGFR followed P Initial 4 in eGFA followed
by stabilization by stabilization
} Albuminuria Bowman's + Albuminuria
capsule
Peritubular
capillaries
L 2 L
Renal profection? Renal Renal protection

vein

Urinary excretion
Excretion = Filiration — Reabsorplion + Secretion



Etudes gliflozines en protection CV et rénale

Drug

Total of participants

% with CVD

eGFR criteria for enrollment
(ml/min per 1.73 m?)

Mean eGFR at enrollment
(ml/min per 1.73 m?)

% with eGFR <60

ACR

Follow-up (yr)

Primary outcome(s)

CV outcome results

Kidney outcome

Kidney outcome results

PUBLIC REVIEW DRAFT KDIGO 2022 CLINICAL PRACTICE GUIDELINE FOR DIABETES MANGEMENT IN CHRONIC KIDNEY DISEASE

CREDENCE

Canagliflozin 100 mg
once daily

4401

50

30-90

56

59

Criteria:

ACR >300-5000 mg/g
[30-500 mg/mmel]
Median ACR 927 ma/g
[92.7 mg/mmol]

26

Compaosite kidney

C\V death, M, stroke: HR: 0.80;
95% Cl: 0.67-0.95;
hospitalization for HF: HR:
0.61; 95% Cl: 0.47-0.80

Composite of kidney failure
outcomes, doubling 5Cr, or
death from renal or CV causes

Primary kidney:
HR: 0.70; 95% Cl: 0.59-0.82

DAPA-CKD

Dapagliflozin 10 mg
once daily

4304

374

25-75

43

88

ACR 200-5000 mg/g
[20-500 mg/mmol]

ACR Median

DAPA: 965 mg/g [96.5 mg/
mmol]; Placebo: 934 mg/g
[93.4 mg/mmel]

24

First occurrence of a =250%
decline in eGFR, the onset of
kidney failure, or death from
renal or CV causes

CV death: HR: 0.81; 95% Cl:
059-1.21

First occurrence of a 250%
decline in eGFR, the onset of
kidney failure, or death from
renal or CV causes

Primary outcome: HR: 0.61;
95% Cl: 0.45-0.73

EMPA-REG

Empagliflozin 10 mg,
25 mg once daily

7020

100

=30

74

26

No criteria

ACR <30 mg/g [3 mg/mmol] in
60%; 30-300 mg/qg [3-30 mg/
mmol] in 30%; >300 mg/g

[30 mg/mmol] in 10%

31

MACE

MACE: HR: 0.86; 95% Cl: 0.74-0.99;

hospitalization for HF: HR 0.65;
95% Cl 0.50-0.85

Incident or worsening
nephropathy (progression to
severely increased albuminuria,
doubling of 5Cr, initiation of KRT,
or renal death) and incident
albuminuria

Incident/worsening nephropathy:
12.7% vs. 18.8% in empagliflozin
vs. placebo. [HR: 0.61; 95% Cl:
0.53-0.70] Incident albuminuria:
NS

CANVAS

Canagliflozin 100 mg,
300 mg once daily

10,142

66

76

20

Mo criteria
Median ACR 12.3 mag/g
[1.23 mg/mmol]

24

MACE

MACE: HR: 0.86; 95% CI: 0.75-
0.97; hospitalization for HF: HR
0.67; 95% Cl: 0.52-0.87

Composite doubling in 5Cr,
kidney failure, or death from
renal causes

Composite kidney: 1.5 vs. 2.8
1000 patient-years in the
canagliflozin vs. placebo
[HR: 0.53; 95% Cl: 0.33-0.84)

DECLARE-TIMI 58

Dapagliflozin 10 mg
once daily

17,160

41

CrCl =60 ml/min,
45% had eGFR 60-90

85

74

No criteria

4.2

1) MACE; 2) Composite CV
death or hospitalization
for HF

MACE: HF: 0.93; 95% Cl:
0.84-1.03; CV death or
hospitalization for HF: HR
0.83; 95% Cl: 0.73-0.95

Composite of 240%
decrease in eGFR to <60
mil/min per 1.73 m?, kidney
failure, CV or renal death

Composite kidney:
HR: 0.76; 95% Cl: 0.67-0.87



News > Medscape Medical News

Empagliflozin Scores Topline Win in EMPA-
KIDNEY Trial

Mitchel L. Zoler, PhD
March 17, 2022 | @ Add to Email Alerts

efficacy of the SGLT2 inhibitor empagliflozin (Jardiance) in about 6600 patients
with chronic kidney disease (CKD) announced on March 16 that they had

28 stopped the trial early because of positive efficacy that met the study's

§> prespecified threshold for early termination.

4J Researchers running the EMPA-KIDNEY trial that's been testing the safety and

Y
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EMPA-KIDNEY Early Stop

News > Medscape Medical News

Empagliflozin Scores Topline Win in EMPA-
KIDNEY Trial

Mitchel L. Zoler, PhD
March 17, 2022

[ @ Add to Email Alerts

Study of heart and kidney protection with empagliflozin

BURDEN OF CHRONIC KIDNEY DISEASE

ABOUT THE EMPA-KIDNEY TRIAL

[ ¥ ]
gy

Kidney disease is a
global public health
issue, affecting nearly
850 millien people,
which is mare than
one in ten adults

EMPA-KIDNEY is the
largest and broadest

SELTY inhibitor trial
in CED to date”

ERAPA-KIDNEY is
evaluating the efficacy
and safety of Jardiance®
(empagliflozin) acrass

a broad spectrum

of adults with LKD"

The trial’s Independent
Data Monitoring
Committee recommended

that the trial be stopped
early due to clear
positive efficacy

CONCLUSION

EMPA-KIDMEY follows the landmark EMPA-REG OUTCOME® and EMPEROR

trials, all of which demonstrated cardie-renal benefits of &

Worldwide, 5 to 10
million peaple die each
year from dhronic kidney
disgase {CED)

Study design

“.
a»

EMPA-KIDMEY

iz a double-blind,
randomized, placebo
controlled, academic-led
trial, including mare
than 6,600 adults
with CKD’

The trial is being
conducted, analyzed,
and reparted by the
Medical Research
Council Population
Health Research Unit
at the University

of Oxford

8,11

agliflozin

Full results from EMPA-KIDNEY will be presented at an upcoming
medical congress

s

Boehringer

Ingelheim

Prevention of kidney

KD is closely linked disease progression

i o et st
i ' . risk remain significant
diseases™

unmet clinical needs®

EMPA-KIDNEY endpoints

==

G

4

References

Primary endpoint:
a compaosite of kidney disease pregression or CV death”

Key secondary endpoints:
W death or hospitalization for heart failure, all-cause
hospitalization, and all-cause mortality”

EMPA-KIDMEY includes adults with CKD who are
frequently seen in clinical practice but under-represented
in previous SGLT2 inhibitor trials, incduding people™®

- with mildly to severely reduced eGFR
{a measure of kidney function);
- with normal and increased levels of albumin
{a type of protein present in the urine);
- with and without diabetes;
— with CKD attributable to a wide range of underlying causes

1. Li PET, et ol Broz | Med Biod fes. 2020; 53{3): e9614. 2. Luyckx WA, e of. Bull World Heaith
Orgon. 2018966414 -4220. 3. Thomas ME, et ol Mot Rev Mepfrol. 2016;12(2):73-81.
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[Fublished cnline ahead of print March 3 222, Nephra! Die! Tronsplant. 2022, DO1:10.10493¢
ndt/gfacOdd. 8. Herrington Wia, et ol Clin Kidney . 2008;1106):749-61. 9. 'Wanner C, etall ¥
Engly tded. 2016;275:323-34. 10. Anker §, et o, N Engl | Med. 20217; 385:1451-1441. 11. Packer
BAD, et . N Engl { Med. 2020; 183:1412-1424,




Particularité du diabete post-greffe

* Fréguence élevée d’infection urinaire (reflux sur le greffon,
contexte immunosuppression, manceuvres urologiques)

IUA US Foodand Drug Adrn :\lsllr'atlon Drug Safety communications

FDA warns about rare occurrences of a serious infection of the genital
area with SGLT2 inhibitors for diabetes

Safety Announcement

e Variabilité de la créatinine et absence de données solides sur |la
néphro-protection des inhibiteurs du RAS



CONCLUSION



Choix de la stratégie thérapeutique:
Post-greffe = MRC ?

%o




Approche intégrée

*Glyumk monitoring and targets i

+Use HbA1c to monitor glycemic control

«Individualize HbA1c targets (< 6.5% to < 8.0%)
based on patient comorbidities, hypoglycemia
risk, resources and preferences

+Use CGM or SMBG when treatment assoclated
with risk of hypoglycemia or when HbA1c is
not concordant with blood glucose

HbATc g

<6.5%
\.

Comprehensive management of

patients with diabetes and CKD
C@ « BP control: use maximal ACEI or ARB dose
inp with hyp it
and albuminuria as directed. Avold RAS
dual blockade and use of DRI with RASI
o, Lipid control

%OQ « Glycemic control

s « Use antiplatelet theraples where

LQ appropriate

J

KDIGO DIABETES GUIDELINE 2020 CENTRAL ILLUSTRATION

P

« For patients on dialysis, aim for 1.0-1.2g

« Limit sodium Intake < 2 g/day (< 5 g NaCl)
« Exercise for at least 150 min per week
+Stop tobacco use

Lifestyle interventions g

« Consume diet high in vegetables, fruits,
whole grains, plant-based proteins

« For patients not on dialysls, alm for 0.8 g
proteln/kg welght per day

protein/kg welght per day

ggo First-line therapy

Antihyperglycemic therapies for T2D

«Includes patients with eGFR

- < 30 ml/min per 1.73m? or
L e

o4 Additional drug
g/ therapy as needed
@ for glycemic control

Coordinated care




Merci de votre
attention!

RDV a Liege en
Octobre 2023.
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Protection rénale et cardio-vasculaire

Initiation

Injury

Activation of
signalling
pathways

Altered gena
expression

Abnormal
cell events

Functional
and
structural
changes

Statins

Incretin system

DPP4 inhibitors
GLP-1 agonists

AGE or RAGE inhibition

Matabolism

—|| Glucose | | Lipids | |.ﬁrglntensh| | Endothelin |

1

Hypertension

L

| Meatabolic pathways |_._

¥

[ Pyridoxamine, TIP48

Kinase inhibition

PREC: ruboxistaunn

TyrK: imatinib, PP2

Rhok: fasudil, Y27632
P13K: wortmannin

MAPK: FR167E653, CCO30

Phosphodiesterase inhibition

[Pentoxifylin

Indirect targeting (receptors)

Vitamin D: paricalcitol
Dopamine: ABTE14
Serotonin: sarpogrelate

CCR2/CCR5 antagonists

CCX140B, PFO4E34817,
BEMS813160

CCL2/CXCL12 spiepelmer

ICAM-1 neutralization

[ Monoclonal antibodies

M1-M2 balance

_|

: Kinase cascades, transcription factors : —

[ Haemin, IL-4, 1L-13

RAS inhibition
[ ACE inhibitars, ARBs |
Aldosterone blockers

Spironolactone, MT-3995,
BAY 04 HBED

ET-1R antagonists
Atrasentan
Avosentan

Antioxidants
Allopurinol

L

v

M-acetylcystaing
Curcumin, Nox inhibitors

Nrf2 activators
Bardoxolone
Sulphorafane

NF-«B inhibitors
Bindarit
Natural products

JAK,/STAT inhibitors
Baricitinib
AG90, Jlanex-1, S0OCS,
fludarabine

Protective mechanisms

Apelin, APC, adenosing,
cannabinoids, autophagy

TNF neutralization

_ _ [[Infliximab |
Chemokines Proinflammatory TGF-B inhibition
Adhesion —_— cytokines | Fresoli e
molecules Growth factors - EIIE
Pirfenidone
Anftisense oligonuclectides,
mRMA inhibitors, soluble
receptor, peptides
CTGF neutralization
) [ Monoclonal antibodies |
Maglmpr]age EIUEI';E['MBF Podocyta Metalloproteinase inhibition
infiltration matrix injury =
+ accumulation [(XL7B4, doxycycling |
T
L ]
Tubulginterstitial Glomerulosclerosis . .
damage and proteinuria Ongping or positive [
clinical trials

|—» Renal failure ,..J

Megative clinical trials [J
Praclinical studies [

Nat. Rev. Nephrol. 10, 325-346 (2014); published online & May 2014,



