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The improvement in outcomes after kidney transplantation
over the past 25 years seems to be rather modest
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The improvement in outcomes after kidney transplantation
over the past 25 years seems to be rather modest
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Kidney transplantation - a quiet revolution
Graft failure

1 year after transplantation 0 10 years after transplantation

Cumulative incidence DC graft failure (%)
Cumulative incidence DC graft failure (%)
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Coemans, Callemeyn, Naesens. N Engl J Med, 2022
Coemans et al Kidney Int 2018
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Adjusted death rate (per 100 pt-yrs)

95% Confidence Interval
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Data used for the approval of immunosuppressive drugs in kidney
fransplantation: decreasing direct clinical benefit

AZA

Ciclosporin

MMF

Daclizumab

Tacrolimus

Basiliximab

Sirolimus

Everolimus

Belatacept

Year of
approval*

1968

1983

1995

1997

1997

1998

1999

2003

2011

Study regimen

AZA and
high-dose CS

Ciclosporin and
low-dose CS

MMF,
ciclosporin and

CS+ATG

Daclizumab,

ciclosporin and
CS+AZA

Tacrolimus,
azathioprine,
CSand ALG

Basiliximab,
ciclosporin
and CS

Sirolimus,
ciclosporin and
steroids

Everolimus,
ciclosporin and
basiliximab +CS

Belatacept,
MMEF, CS and
basiliximab

Study
design

Case series

Randomized
superiority
trials
Randomized
superiority
trials
Randomized
superiority
trials

Randomized
superiority
trials
Randomized
superiority
trials
Randomized
superiority
trials
Randomized

equivalence
trial

Randomized

noninferiority

trials

Definition of efficacy Graft
failure

Graft loss or death i

Graft loss or death

Composite of BPAR,
graft loss, death or
discontinuation

BPAR by 6 months

Composite of BPAR,
graft loss, death or
discontinuation

BPAR by 6 months

Composite of BPAR,
graft loss, death or loss
to follow-up

Composite of BPAR,
graft loss, death or loss
to follow-up

Noninferiority for BPAR,
graft loss and death;
superiority for GFR
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g P S “The primary efficacy endpoint for induction,
D pe BB initial and/or maintenance prophylaxis (primary
R TR BT ORI prophylaxis) should be efficacy failure rate using

a composite endpoint consisting of:

GUIDELINE ON CLINICAL INVESTIGATION OF IMMUNOSUPPRESSANTS FOR SOLID
ORGAN TRANSPLANTATION

S or constrTaTion DEADL ror conmimets | T o a) patient death;
ooy o b) graft failure;
v = T c) biopsy confirmed acute rejection:

d) graft (dys)-function”
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Reducing BPAR helped in the early decades
out Is less relevant nowadays
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Evolution of the Definition of Rejection
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Further improvement of outcomes can only when we
target the actual causes of graft failure

Causes of graft failure (N=154)

=3 3.9% Other "
9.7% | Bl 9.1% Unknown

Hemodynamic«"
7.8% Primary _
non function 21.4% Non-specific
chronic injury
11.7%
Mechanical
“ DSA positivity
B 8.4% GNF

17.5% Acute and
Em 10.4% PVAN chronic rejection

Van Loon et al Transplantation 2020



Graft failure is a complex process with
primary and secondary causes

100% -

75% -

50% -

25% -

0% -

N =303

Primary causes

[ No Primary Cause
B Other Causes

[ Perioperative Evel
= PVN

[ Transplant Quality
[ Recurrent Disease
[] CNI Toxicity

[C] Medical Events
] TCMR

[] ABMR

CNI

Recurrent Disease

TCMR

Perioperarive Event
PVN

Medical Event

Transplant Quality

No Secondary Cause

Other Cause

Primary cause Secondary cause

Mayrdorfer et al. JASN 2021



The multifactorial causes of graft failure

Acute/chronic
Donor-recipient genetic mismatch — T-cell mediated
rejection
Immunologic risk
factors
De novo donor-specific antibodies > e A
Preformed donor-specific antibodies —— anllbz;:-cr:;gglated

(previous transplant, pregnancy, transfusion)

Graft funtion
Kidney
» transplant
failure
Graft histology

Adapted from Naesens M et al Transplant Int 2022
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The BENEFIT study confirms the beneficial
effect of belatacept in terms of eGFR

20—

wed= Belatacept LI
W —o— Belatacept M
EU_
50

== Cyclosporine

404
30

20+

Mean eGFR (ml/min/1.73 m3

104

0 | T | T | | | | T | | | | 1
0 6 12 13 24 3o 36 42 48 54 60 66 72 78 84

Month

Vincenti F et al. N Eng J Med 2016



rejections

low risk of DSA

Acute rejection occurence

20%n

15%-

10%0

5%

0%-

KKk
14%

BELA M

BELA LI

6%

CsA

T-cell mediated

De novo DSA occurence

20%n

15%0

10%0

5%

0%-

1.4%

BELA Mi

No difference in ABMR!

3.1%

BELALI

*kk
11.6%

CsA

Vincenti F etal. N Eng J Med 2016



Belatacept is the first IS agent to show
Improved overall survival since CsA

Overall survival

ient and Graft Survival
o
[

Not all that happens in the first year post-transplantation
is directly predictive of outcome (BPAR wasn’t!)

Probability of Patient Survival

We need to see the whole picture

1.0+
o] o - = = e = e e =
08| T T e 038
0.7+ 3 07
0.6-{ £ 06
0.5+ g 1
0.4+ E
034 ____ Belatacept MI Belatacept M1 vs. cyclosporine: hazard ratio for death, —— Belatacept M Belatacept M1 vs. cyclosporine: hazard ratio for death-censored graft loss,
0.2 _ - _ Belatacept LI 0.62 (95% Cl, QB—LI‘A}; P=0.11 ) 3 ¥ - - - Belatacept LI 0.56 (95% ClI, 0.25-1.21); P=0.12
) Belatacept LI vs. cyclosporine: hazard ratio for death, Belatacept LI vs. cyclosporine: hazard ratio for death-censored graft loss,
0.1 — — Cyclosporine 0.5 (95% CI, 0.30-1.04); P=0.06 ~ — Cyclosporine 0.59 (95% Cl, 0.28-1.25); P=0.15
B I R N A S S S S S A N N
Months since Transplantation Months since Transplantation

Vincenti F et al. N Eng J Med 2016



We need more realistic and feasible endpoints for future trials

Currently Approved Endpoints Limitations
Patient/graft survival at 5 or 10 years * Cost prohibitive
* Now irrelevant for superiority trials
Patient/graft survival at 1 year * Good survival is already achieved (~ 95%), making it

difficult to show further improvement

* T-cell and antibody-mediated rejection do not have the

Acute rejection :
same impact on graft outcome

More realistic (surrogate) endpoints should better reflect

the multidimensional causes of graft failure, and not solely
focus on graft function or rejection.




Towards surrogate endpoints for long-term graft failure

Intervention

S p—



Towards surrogate endpoints for long-term graft failure

Intervention

Disease Surrogate endpoint Clinical endpoint




Towards surrogate endpoints for long-term graft failure

Intervention

Disease Surrogate endpoint Clinical endpoint

Needs to be validated!



Surrogate endpoints for clinical trials need to be well validated

: Biology of i .

2 8

Sufficiently
understood

Effect on both clinically
Plausible Strong meaningful endpoint and
surrogate endpoint of choice



Development set

External validation

Prediction time point

Outcome parameter

Post-transplant factors
included in the model

Prognostic accuracy

Calibration

Limitations

Tested in randomized trial
data

=

Kasiske et al 2010
URDS Risk-Prediction Tool

USRDS registry data
(N=59,091)

No

12 months post-transplant

Overall graft failure at 5 years
after transplantation

eGFR at 12 months;
hospitalization

C-statistic 0.65-0.78

Good

No external validation set; No
data on DSA, No data on
proteinuria; Prognostic
accuracy moderate

No

Foucher et al. 2010
Kidney Transplant Failure
Score (KTFS)

Multicentre French registry
(DIVAT; N=2169)

Yes (N=317)

12 months post-transplant

Death-censored graft failure
at 8 years

None of these prediction models

Serum creatinine; acute
rejection; creatinine at 3
months; 24-h proteinuria

ROC AUC 0.78 (0.73-0.80)

Not assessed

Small validation set; validity
not tested in other countries;
No data on DSA; No data on
rejection phenotype

No

’E‘I%
| [N
Moore et al. 2011
LOTESS Composite Risk Score

Multicentre national cohort
study (N=2763)

Yes (single UK centre; N=731)

Variable time after 12 months

post-transplant

Overall graft failure and
death-censored graft failure
over time; follow-up time not
specified

"

Schnitzler et al. 2012
USRDS Predictive Model

USRDS registry data
(N=87,575)

No

12 months post-transplant

Overall graft failure beyond 1
year post-transplant, up to 9
years

’E‘I%
| [N
Shabir et al. 2014)
Birmingham Risk Score

Single-centre UK data (N=651)

Yes (2 European centres and 1
Canadian centre; N=1998)

12 months post-transplant

Overall graft failure and
death-censored graft failure
at 5 years post-transplant

Prémaud et al. 2017
Adjustable score for
prediction of graft failure
(AdGFS)

Single-centre French data
(N=664)

Yes (2 other French centres;
N=896)

Time adjusted (only for
‘rejection’)

Death-censored graft failure
beyond 2 years post-
transplant, up to 10 years

has been validated as a surrogate endpoint

eGFR at 12 months; eGFR
evolution; acute rejection;
serum urea at 12 months;
serum albumin

C-statistic 0.83 for death-
censored graft failure; 0.70
for overall graft failure

Good

Small validation set; validity
not tested in other countries;
No data on DSA; No data on
rejection phenotype;
Prediction time point variable

No

eGFR at 12 months; acute
rejection within the first year

Not reported

Good

No external validation set; No
data on DSA, No data on
proteinuria; No data on
rejection phenotype

Yes, but calibration and
validity as surrogacy for
improved outcome by the
intervention was not tested

acute rejection; eGFR; serum
albumin; UACR

C-statistic 0.78-0.90 for
death-censored failure; 0.75—
0.81 for overall graft failure

Good
No data on rejection

phenotype; No data on DSA;

No

Serum creatinine; proteinuria;
dnDSA; serum creatinine
trajectory; acute rejection

ROC AUC at 10 years post-
transplant 0.83 (0.76-0.89)

Good

Small validation sets and
validity in other countries not
tested; not tested in living
donors or patients with pre-
transplant DSA

No
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Graft function as endpoint

Endpoints that assess the efficacy of interventions in patients with CKD could be
used in kidney transplantation trials

A composite endpoint consisting of a 30-40% decline in eGFR or kidney failure
occurrence could be used as endpoint for trials in kidney transplantation, like it is in
CKD

eGFR time course, expressed as slope, can be an acceptable surrogate endpoint in
kidney transplantation

Proteinuria or combinations of proteinuria and eGFR are not advocated as endpoint
for clinical trials in kidney transplantation

KKK

ESOT

Leading the way
Hilbrands et al Transplant Int 2022 in transplantation




Data used for the approval of immunosuppressive drugs in kidney

fransplantation: decreasing direct clinical benefit

Drug Year of Study regimen  Study Definition of efficacy Graft Patient DC graft Acute Graft
approval* design failure survival survival survival rejection function
AZA 1968 AZA and Caseseries  Graftloss or death oo A i SEa0 i
high-dose CS ‘NA} INA} INA: (NA ‘NA
Ciclosporin 1983 Ciclosporinand Randomized  Graft loss or death
low-dose CS superiority @ @ @
trials
MMF 1995 MME, Randomized Composite of BPAR,
ciclosporinand  superiority graft loss, death or @ @ @ @ @
CS+ATG trials discontinuation
Daclizumab 1997 Daclizumab, Randomized  BPAR by 6 months
ciclosporinand  superiority @ @ @ @ @
CS+AZA trials
Tacrolimus 1997 Tacrolimus, Randomized Composite of BPAR,
azathioprine, superiority graft loss, death or @ @ @ @ @
CSand ALG trials discontinuation
Basiliximab 1998 Basiliximab, Randomized BPAR by 6 months
ciclosporin superiority @ @ @ @ @
and CS trials
Sirolimus 1999 Sirolimus, Randomized Composite of BPAR,
ciclosporinand  superiority graft loss, death or loss @ @ @ @ Q
steroids trials to follow-up
Everolimus 2003 Everolimus, Randomized Composite of BPAR,
ciclosporinand  equivalence  graft loss, death or loss @ @ @ O
basiliximab+CS  trial to follow-up
Belatacept 2011 Belatacept, Randomized  Noninferiority for BPAR,
MME, CS and noninferiority  graft loss and death; @ @ @ Q @
basiliximab trials superiority for GFR

Naesens & Thaunat Nat Rev Nephrol 2016

In retrospect, the choice
of the primary endpoints

for belatacept was well
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HUMORAL RISK

RISK CATEGORIES & MANAGEMENT HUMORAL MEMORY

1. Day-zero DSA with positive CDC
=> Tx impossible. Require desensitization before Tx

2. Day-zero DSA with positive flow and negative CDC

=> Tx possible but very high risk for acute AMR and accelerated chronic AMR. SEROLOGICAL
Require adaptation of follow up and maintenance IS MEMORY
3. Day-zero DSA with negative flow

=> Tx possible with risk for acute AMR, and acceptable medium-term
graft survival. Require adaptation of follow up and maintenance IS

4. Absence of day-zero DSA but potential cellular memory against
donor HLA
=> Tx possible with risk for AMR increased.
4.a. Probable cellular memory if : CELLULAR
-historical DSA MEMORY
-pregnancy and/or previous transplant with repeat Ag
4.b. Possible cellular memory if :
-transfusion(s) with no information on blood donors

5 no DSA and no cellular memory
=> Tx possible lower risk for AMR but de novo DSA still possible NAIVE
NB: patient with day-zero non DSA HLA antibodies are “good humoral
responders” with possible increased risk for subsequent de novo DSA
generation

Bestard, Thaunat et al Transplant Int 2021
Bestard, Thaunat et al Transplant Int 2022
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Life participation as a core outcome

Song-Tx initiative: consensus process involving over 1100 patients, caregivers and HCPs from 79 countries (participating in nominal group
technique, an international Delphi survey and consensus workshops)

1 CORE OUTCOMES
* Critically important

to all stakeholder groups
* Report in all trials

2 MIDDLE TIER

* Critically important to
some stakeholder groups

* Report in some trials

3 OUTER TIER

* |mportant to some or
all stakeholder groups

* Consider for trials

2 Ability to work
Anemia
Blood pressure
Bone disease
Cancer (skin)
Cognition
Depression
Diabetes

Eye problems
INFECTION Fatigue

LIFE PARTICIPATION High cholesterol

MORTALITY Hospitalization
Sun sensitivity
Surgical complications

1 GRAFT HEALTH

CARDIOVASCULAR
DISEASE

CANCER

SONG-Tx core outcomes. Reprinted from Tong et al. Kidney Int 2018

3 Anxiety
Appearance
Arthritis
Fertility
Gastrointestinal
disorders
Hand tremors
Impact on family
Mood swings
Muscle weakness
Pain
Pins and needles
Sleep disturbance
Weight gain




Definition and measurement of life participation

the ability to participate in activities that give patients a sense of fulfilment,

enjoyment, control and hope in their lives’

SONG-Tx Life Participation Core Outcome Measure

Please respond to each item by marking one box per row.

During the past month...

Never Rarely Sometimes Usually  Always N/A
| could do my leisure activities O 0 O O
e.g. exercise, hobbies, fravel 1 2 3 4 5 o
| could do my family activities 0 O 0 O O o
1 2 3 4 5
| could do my work O O O a O
e.g. job, housework, study 1 2 3 4 5 o
| could do my social activities ] O 0 O O
with friends/others 1 2 3 4 5 J

Ju A, et al. Transplantation 2018

Prefer not to specify different activities, so
that

they can interpret life participation based on
their own context, priorities and values

PROM derived from the PROMIS SF V2.0
item set, which has robust psychometric
properties

Items rephrased based on input from
patients & caregivers

Currently undergoing validation in kidney Tx



Does EMA (CHMP) agree with the proposed PROs as endpoints for
use in clinical trials of kidney transplantation interventions?

EMA/CHMP’s response

+ CHMP agrees that these PROs are important to capture the patient’s perception

+ CHMP agrees that other PROMs might be needed than those typically being used (e.g. SF-36, SIP, etc)

* Need for validated instruments to measure life participation + determination of minimally important difference

Patient-reported Outcomes as Endpoints in

Clinical Trials of Kidney Tx Interventions

» Guidelines for inclusion of PROs in clinical trial protocols:  SPIRIT-PRO
* Reporting of PROs in randomized trials: CONSORT-PRO

Tong et al. Transpl Int 2022; 35:10134
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iIn higher risk populations, patient mortality is
more frequent than graft failure
N=1000 pts transplanted 2004-2013

Causes of graft failure (N=154) Causes of death with a functioning graft (N=211)
3 3.9% Other @ 6.6% Other

9.7% El 9.1% Unknown

15.6%

7.8% Primar . ; 29.9%
o ?unctlion y 21.4% Non-specific Cardiovascular, Ckrown
chronic injury
11.7%
Mechanical
._ g DSA positivity 24.2%
Malignancy
= 8.4% GNF 23.7%
17.5% Acute and Inféctious

BN 104% PVAN chronic rejection

Van Loon et al Transplantation 2020



Patient survival is ill studied in transplantation

Countries # of Number Populatio KTR/ Patient Survival (%) Patient Survival Graft Survival Graft Survival
patients of KTR/ nin Millio  after LD transplant (%) after DD (%) after LD (%) after DD
on year millions n at years transplant at years transplant at years  transplant at years
dialysis 3 5 10 3 5 10 3 5 10 3 5 10
for ESKD
Belgium 8,333 360 11.7 31 100 98 95 93 89 73 96 94 85 94 92 84
Brazil 150,000 6200 212 29 96 94 84 88 84 74 90 85 73 79 71 55
Canada 29,835 1,281 38.2 34 97 95 89 93 89 74 94 90 77 88 80 56
Finland 1,903 275 5.5 50 98 97 90 93 87 70 96 93 83 89 82 63
France 50,501 3,252 67.8 48 98 95 88 92 86 70 94 89 76 83 76 56
India* 175,000 9,500 1,417 7 na 73 67 na na na 90 83 75 85 83 70
Italy 46,500 2,000 59 34 98 99 92 95 93 86 96 93 86 91 88 78
Japan 347,671 1,700 125 14 98 97 92 94 91 82 96 93 83 90 86 72
Norway 1,700 250 5.3 a7 96 94 83 90 82 60 94 88 73 87 78 52
S Korea 123,122 2,200 51.4 43 98 96 91 93 90 83 na na na na na na
Spain** 65,740 3,400 48 71 97 96 90 91 86 72 91 86 72 76 65 55
Singapore 8,268 72 4.1 18 98 96 89 95 92 81 96 94 77 96 86 68
UK 29,500 3,500 67 52 96 94 86 93 90 76 95 84 71 90 77 51
USA 786,000 25,499 332 76 96 93 81 93 86 67 95 88 70 89 78 54
86% 74% 77% 62%

Hariharan et al In preparation




Censoring for death in endpoint predictions is not accurate

Graft failure in risk groups

Cumulative incidence

30

— 1-Kaplan-Meier (KM)
- ==Aalen-Johansen (A))
Absolute difference

Donor age
—— ===265years

20 — === <65 years

10

Cumulative incidence (%)

0 I} 1 1

o Relative difference

Donor age
——— 265 years
——— <65 years

Relative difference 1-KM v AJ (%)

Coemans et al BMJ 2022

10
Years after kidney transplantation

Death with functioning graft in risk groups

Cumulative incidence
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Relative difference
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v/

2 3 4 5 6 7 8 9 10
Years after kidney transplantation



Kidney transplantation - a quiet revolution
Patient death

Pretransplant

Immunosuppressive
work-up

agents

Cancer/Infection
management Immunologic
risk assessment

Transplant
outcome

0
o
I
o
5]
=
=1
2
[
5
T
[
=
b=
o
7]
2
)
<

Cardiovascular
95% Confidence Interval maintenance
— Adjusted death rate (per 100 pt-yrs)

Allocation
rules (matching)

Post-transplant

i Donor
graft monitoring

management

Ying et al J Am Soc Nephrol 2020



SLGT2 inhibitors In transplantation

Effect of SGLT2 inhibitors on kidney failure.

a b
20 EMPEROR-Preserved
= 0 DAPA-HF g
‘g’ VERTIS-CV 5
z CANVAS g
-§ -30- 3
= N N
E’ EMPAREG-OUTCOME CREDENCE 2
s DAPA-CKD o
2 —504 EMPEROR-Reduced =
o o
5 3
I <
704 DECLARE-TIMI 58
0 10 20 30 40

Event rate placebo group (events per 1,000 patient-years)

Type 2 diabetes trials

Heart failure trials

Chronic kidney disease trials ‘

Van der Aart - van der Beek et al Nature Reviews Nephrology 2022

15+
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DAPA-CKD

CANVAS CREDENCE

DECLARE-TIMI 58
EMPAREG-OUTCOME

EMPEROR-Reduced
VERTIS-CV
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Event rate placebo group (events per 1,000 patient-years)



Studies specific for other outcomes after transplantation

0
New Keratinocyte Cancers at 12 Mo
) Rate ratio, 1.0 (95% Cl, 0.8—-1.3); P=0.96
—_ -2 225+
o Placebo 207 210
- 200-
o
£ 4 175
5 @ 2.7
£ g 1504 2.6 mean no. per
- -6 5 mean no. per participant
£ G 125- ..
= e participant
= 3 S 1004
o 8-
] 754
£
50
U 104
2 : 25+
Nicotinamide ’
-12 y ) ! ! ’ Nicotinamide Placebo
0 3 6 9 12 N=79 N=78

Chen et al NEJM 2015 Allen et al NEJM 2023



N [ 4 e A

Surrogate eGFR Risk Patient-reported

endpoints evolution stratification outdomes Mortality



Thank you!
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