
How the use of new surrogate outcomes may

improve transplantation results?

Maarten Naesens

Societat Catalana de Transplantament 17th Congress March 23rd 2023 - Barcelona



The improvement in outcomes after kidney transplantation 

over the past 25 years seems to be rather modest

Hariharan et al. NEJM 2021



The improvement in outcomes after kidney transplantation 

over the past 25 years seems to be rather modest

Hariharan et al. NEJM 2021

Older donors, 

older recipients

Younger donors, 

younger recipients



E .Delacroix, 1830

Kidney transplantation - a quiet revolution

Graft failure

Coemans, Callemeyn, Naesens. N Engl J Med, 2022

Coemans et al Kidney Int 2018



E .Delacroix, 1830

Kidney transplantation - a quiet revolution

Patient death

Ying et al J Am Soc Nephrol 2020



Transplant 

outcome

Immunosuppressive
agents

Immunologic
risk assessment

Allocation
rules (matching)

Infection
management

Cardiovascular
maintenance

Donor 
management

Pretransplant 
work-up

Post-transplant
graft monitoring

The quiet revolution

E .Delacroix, 1830



Data used for the approval of immunosuppressive drugs in kidney 
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CHMP guideline for solid organ transplantation 2008

“The primary efficacy endpoint for induction, 

initial and/or maintenance prophylaxis (primary 

prophylaxis) should be efficacy failure rate using 

a composite endpoint consisting of:

a) patient death;

b) graft failure; 

c) biopsy confirmed acute rejection;

d) graft (dys)-function”
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but is less relevant nowadays

91%

86%

20%

31%
22%

12%
20%

12%
17%

00%

20%

40%

60%

80%

100%

Woodruff et al Lancet 1969

Canadian study NEJM 1983

Grinyo et al Lancet 1995

Tricontinent. study Transplant. 1996

Vincenti et al NEJM 1998

Pirsch et al Transplantation 1997

Kahan et al Lancet 2000

Vitko et al Transplantation 2004

Ekberg et al NEJM 2007

Vincenti et al NEJM 2005



WG1 
Histological 
endpoints

WG2 
Functional 
endpoints

WG3 Risk 
stratification

WG4 
Successful 
transplant

WG5 

Endpoints 
specific 

situations

WG6 
Surrogate 
endpoints 
long-term 
outcome

WG7 
Patient 

reported 
outcome 
endpoints

CET

C
E
T

C
E

T

CET
CE
T

C
E

T

S
O

N
G

N=30 EU experts

in 7 working groups

Surrogate endpoints WG 

TCMR WG



WG1 
Histological 
endpoints

WG2 
Functional 
endpoints

WG3 Risk 
stratification

WG4 
Successful 
transplant

WG5 

Endpoints 
specific 

situations

WG6 
Surrogate 
endpoints 
long-term 
outcome

WG7 
Patient 

reported 
outcome 
endpoints

CET

N=30 EU experts

in 7 working groups



Sept. 2017

Sept. 2019

May 2020

Sept. 2020

Dec. 2020
1st ESOT workshop 

2nd ESOT workshop

Submission to EMA

ESOT—EMA 

discussion meeting

EMA responses

meets EMA



Proposed Definitions of T 
Cell-Mediated Rejection and
Tubulointerstitial Inflammation as 
Clinical Trial Endpoints in Kidney
Transplantation

Daniel Seron 1†, Marion Rabant 2†, Jan Ulrich Becker 3, Candice Roufosse 4,
Maria Irene Bellini 5, Georg A. Böhmig6, Klemens Budde 7, Fritz Diekmann 8, Denis Glotz 9, 

Luuk Hilbrands 10, Alexandre Loupy 11, Rainer Oberbauer 12, Liset Pengel 13,

Stefan Schneeberger 14 and Maarten Naesens 15*

1Department of Nephrology and Kidney Transplantation, Vall d’Hebrón University Hospital, Barcelona, Spain, 2Department of

Pathology, Hôpital Necker–Enfants Malades, Paris, France, 3Institute of Pathology, University Hospital Cologne, Cologne,

Germany, 4Centre for Inflammatory Disease, Department of Immunology and Inflammation, Imperial College London, London,

United Kingdom, 5Department of Surgical Sciences, Sapienza University of Rome, Rome, Italy, 6Division of Nephrology and

Dialysis, Department of Internal Medicine, Medical University of Vienna, Vienna, Austria, 7Department of Nephrology and Medical

Intensive Care, Charité Universitätsmedizin Berlin, Berlin, Germany, 8Department of Nephrology and Kidney Transplantation,

Hospital Clinic Barcelona, Barcelona, Spain, 9Paris Translational Research Center for Organ Transplantation, Hôpital Saint Louis,

Paris, France, 10Department of Nephrology, Radboud University Medical Center, Nijmegen, Netherlands, 11Paris Translational

Research Center for Organ Transplantation, Hôpital Necker, Paris, France, 12Department of Nephrology and Dialysis, Medical

University of Vienna, Vienna, Austria, 13Centre for Evidence in Transplantation, Nuffield Department of Surgical Sciences,

University of Oxford, Oxford, United Kingdom, 14Department of General, Transplant and Thoracic Surgery, Medical University of

Innsbruck, Innsbruck, Austria, 15Department of Microbiology, Immunology and Transplantation, KU Leuven, Leuven, Belgium

The diagnosis of acute T cell-mediated rejection (aTCMR) after kidney transplantation has

considerable relevance for research purposes. Its definition is primarily based on

tubulointerstitial inflammation and has changed little over time; aTCMR is therefore a

suitable parameter for longitudinal data comparisons. In addition, because aTCMR is

managed with antirejection therapies that carry additional risks, anxieties, and costs, it is a

clinically meaningful endpoint for studies. This paper reviews the history and classifica tions of

TCMR and characterizes its potential role in clinical trials: a role that largely depends on the

nature of the biopsy taken (indication vs protocol), the level of inflammation observed (e.g.,

borderline changes vs full TCMR), concomitant chronic lesions (chronic active TCMR), and the

therapeutic intervention planned. There is ongoing variability—and ambiguity—in clinical

monitoring and management of TCMR. More research, to investigate the clinical relevance

of borderline changes (especially in protocol biopsies) and effective therapeutic strategies that

improve graft survival rates with minimal patient morbidity, is urgently required. The present

paper was developed from documentation produced by the European Society for Organ

Transplantation (ESOT) as part of a Broad Scientific Advice request that ESOT submitted to

the European Medicines Agency for discussion in 2020. This paper proposes to move toward

refined definitions of aTCMR and borderline changes to be included as primary endpoints in

clinical trials of kidney transplantation.
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Antibody-mediated rejection (AMR) is caused by antibodies that recognize donor human

leukocyte antigen (HLA) or other targets. As knowledge of AMR pathophysiology has

increased, a combination of factors is necessary to confirm the diagnosis and phenotype.

However, frequent modifications to the AMR definition have made it difficult to compare

data and evaluate associations between AMR and graft outcome. The present paper was

developed following a Broad Scientific Advice request from the European Society for

Organ Transplantation (ESOT) to the European Medicines Agency (EMA), which explored

whether updating guidelines on clinical trial endpoints would encourage innovations in

kidney transplantation research. ESOT considers that an AMR diagnosis must be based

on a combination of histopathological factors and presence of donor-specific HLA

antibodies in the recipient. Evidence for associations between individual features of

AMR and impaired graft outcome is noted for microvascular inflammation scores ≥2

and glomerular basement membrane splitting of >10% of the entire tuft in the most

severely affected glomerulus. Together, these should form the basis for AMR-related

endpoints in clinical trials of kidney transplantation, although modifications and restrictions

to the Banff diagnostic definition of AMR are proposed for this purpose. The EMA provided

recommendations based on this Broad Scientific Advice request in December 2020;

further discussion, and consensus on the restricted definition of the AMR endpoint, is

required.
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This article outlines the evolving definition of rejection following kidney transplantation. The

viewpoints and evidence presented were included in documentation prepared for a Broad

Scientific Advice request to the European Medicines Agency (EMA), relating to clinical trial

endpoints in kidney transplantation. This request was initiated by the European Society for

Organ Transplantation (ESOT) in 2016 and finalized following discussions between the

EMA and ESOT in 2020. In ESOT’s opinion, the use of “biopsy-proven acute rejection” as

an endpoint for clinical trials in kidney transplantation is no longer accurate, although it is

still the approved histopathological endpoint. The spectrum of rejection is now divided into

the phenotypes of borderline changes, T cell-mediated rejection, and antibody-mediated

rejection, with the latter two phenotypes having further subclassifica tions. Rejection is also

described in relation to graft (dys)function, diagnosed because of protocol (surveillance) or

indication (for-cause) biopsies. The ongoing use of outdated terminology has become a

potential barrier to clinical research in kidney transplantation. This article presents these

perspectives and issues, and provides a foundation on which subsequent articles within

this Special Issue of Transplant International build.

Keywords: biopsy, subclinical rejection, antibody-mediated rejection, T cell-mediated rejection, borderline

changes, kidney transplantation outcome

INTRODUCTION

The approved histopathological endpoint for clinical trials of kidney transplantation is the presence

or absence of biopsy-proven acute rejection (BPAR) (1). This endpoint has not changed for decades,
despite many improvements in diagnostic assessment, immunosuppression, and monitoring

protocols for kidney transplant recipients, as well as developments in our understanding of the
epidemiology and pathophysiology of rejection (2).

Over time, the spectrum of rejection has broadened, with distinctions made between two major

subtypes: T cell-mediated rejection (TCMR) and antibody-mediated rejection (AMR) (3). Deeper
distinctions have also been made between acute (or active) and chronic phenotypes of TCMR and
AMR, as defined in the Banff Classification (2), and subtypes within these phenotypes. In addition,

evidence has emerged to indicate that non-specific acute rejection, or early TCMR, is becoming less
relevant as the primary endpoint in kidney transplantation (4) because it is no longer considered a

strong predictor of graft loss. Ongoing use of outdated terminology and definitions of

*Correspondence:

Maarten Naesens

maarten.naesens@kuleuven.be

†These authors have contributed

equally to this work

Received: 21 October 2021

Accepted: 11 January 2022

Published: 20 May 2022

Citation:

Becker JU, Seron D, Rabant M,

Roufosse C and Naesens M (2022)

Evolution of the Definition of Rejection

in Kidney Transplantation and Its Use

as an Endpoint in Clinical Trials.

Transpl Int 35:10141.

doi: 10.3389/ti.2022.10141

CONSENSUS REPORT
published: 20 May 2022

doi: 10.3389/ti.2022.10141

1Transplant International | Published by Frontiers May 2022 | Volume 35 | Article 101359

Alloimmune Risk Stratifica tion for 
Kidney Transplant Rejection

Oriol Bestard 1†, Olivier Thaunat 2†, Maria Irene Bellini 3, Georg A. Böhmig 4, Klemens Budde 5,

Frans Claas6, Lionel Couzi 7, Lucrezia Furian 8, Uwe Heemann 9, Nizam Mamode 10,

Rainer Oberbauer 4, Liset Pengel 11, Stefan Schneeberger 12 and Maarten Naesens 13*

1Department of Nephrology and Kidney Transplantation, Vall d’Hebrón University Hospital, Barcelona, Spain, 2Department of

Transplantation, Nephrology, and Clinical Immunology, Edouard Herriot Hospital, Hospices Civils de Lyon, Lyon, France,
3Department of Surgical Sciences, Sapienza University of Rome, Rome, Italy, 4Department of Nephrology and Dialysis, Medical

University of Vienna, Vienna, Austria, 5Department of Nephrology and Medical Intensive Care, Charité Universitätsmedizin Berlin,

Berlin, Germany, 6Eurotransplant Reference Laboratory, Department of Immunology, Leiden University Medical Center, Leiden,

Netherlands, 7Department of Nephrology, Transplantation and Dialysis, Bordeaux University Hospital, Bordeaux, France, 8Kidney

and Pancreas Transplantation Unit, University of Padua, Padua, Italy, 9Department of Nephrology, Technical University of Munich,

Munich, Germany, 10Department of Transplantation, Guy’s and St Thomas’ NHS Foundation Trust, London, United Kingdom,

11Centre for Evidence in Transplantation, Nuffield Department of Surgical Sciences, University of Oxford, Oxford, United Kingdom,
12Department of General, Transplant, and Thoracic Surgery, Medical University of Innsbruck, Innsbruck, Austria, 13Department of

Microbiology, Immunology, and Transplantation, KU Leuven, Leuven, Belgium

Different types of kidney transplantations are performed worldwide, including biologically

diverse donor/recipient combinations, which entail distinct patient/graft outcomes. Thus,

proper immunological and non-immunological risk stratifica tion should be considered,

especially for patients included in interventional randomized clinical trials. This paper was

prepared by a working group within the European Society for Organ Transplantation,

which submitted a Broad Scientific Advice request to the European Medicines Agency

(EMA) relating to clinical trial endpoints in kidney transplantation. After collaborative

interactions, the EMA sent its final response in December 2020, highlighting the

following: 1) transplantations performed between human leukocyte antigen (HLA)-

identical donors and recipients carry significa ntly lower immunological risk than those

from HLA-mismatched donors; 2) for the same allogeneic molecular HLA mismatch load,

kidney grafts from living donors carry significa ntly lower immunological risk because they

are better preserved and therefore less immunogenic than grafts from deceased donors; 3)

single-antigen bead testing is the gold standard to establish the repertoire of serological

sensitization and is used to define the presence of a recipient’s circulating donor-specific

antibodies (HLA-DSA); 4) molecular HLA mismatch analysis should help to further improve

organ allocation compatibility and stratify immunological risk for primary alloimmune

activation, but without consensus regarding which algorithm and cut-off to use it is

diffic

u

lt to integrate information into clinical practice/study design; 5) further clinical

validation of other immune assays, such as those measuring anti-donor cellular

memory (T/B cell ELISpot assays) and non–HLA-DSA, is needed; 6) routine clinical

tests that reliably measure innate immune alloreactivity are lacking.

Keywords: alloimmune risk, crossmatch, high-risk transplantation, individualized immunosuppression, molecular

HLA mismatch
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Conditional marketing authorization (CMA) facilitates timely access to new drugs for

illnesses with unmet clinical needs, such as late graft failure after kidney

transplantation. Late graft failure remains a serious, burdensome, and life-threatening

condition for recipients. This article has been developed from content prepared by

members of a working group within the European Society for Organ Transplantation

(ESOT) for a Broad Scientific Advice request, submitted by ESOT to the European

Medicines Agency (EMA), and reviewed by the EMA in 2020. The article presents the

rationale for using surrogate endpoints in clinical trials aiming at improving late graft failure

rates, to enable novel kidney transplantation therapies to be considered for CMA and

improve access to medicines. The paper also provides background data to illustrate the

relationship between primary and surrogate endpoints. Developing surrogate endpoints

and a CMA strategy could be particularly beneficial for studies where the use of primary

endpoints would yield insufficient statistical power or insufficient indication of long-term

benefit following transplantation.

Keywords: mortality, late graft failure, unmet medical need, morbidity, re-transplantation, clinical studies

INTRODUCTION

The guideline CHMP/EWP/263148/06 of the European Medicines Agency (EMA) Committee for
Medicinal Products for Human Use (CHMP), issued in 2008, identifies the primary composite
endpoint for clinical trials in organ transplantation as recipient death, graft failure, biopsy-confirmed

acute rejection, and graft (dys)function (1). Based on this composite endpoint, specific
immunosuppressive drugs have received full (standard) marketing authorization for
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Clinical study endpoints that assess the efficacy of interventions in patients with chronic renal

insufficiency can be adopted for use in kidney transplantation trials, given the

pathophysiological similarities between both conditions. Kidney dysfunction is reflected in

the glomerular filtration rate (GFR), and although a predefined (e.g., 50%) reduction in GFR was

recommended as an endpoint by the European Medicines Agency (EMA) in 2016, many other

endpoints arealso included inclinical trials.End-stage renaldisease is strongly associated with a

change in estimated (e)GFR, and eGFR trajectories or slopes are increasingly used as

endpoints in clinical intervention trials in chronic kidney disease (CKD). Similar approaches

could be considered for clinical trials in kidney transplantation, although several factors should

be taken into account. The present Consensus Report was developed from documentation

produced by the European Society for Organ Transplantation (ESOT) as part of a Broad

Scientific Advice request that ESOT submitted to the EMA in 2020. This paper provides a

contemporary discussion of primary endpoints used in clinical trials involving CKD, including

proteinuria and albuminuria, and evaluates the validity of these concepts as endpoints for

clinical trials in kidney transplantation.

Keywords: kidney transplantation, graft function, graft dysfunction, clinical study, endpoints

INTRODUCTION

As with progressive chronic disease of native kidneys, chronic graft failure results in end-stage renal
disease (ESRD) with the need for kidney replacement therapy in the form of dialysis or repeat
transplantation. Pathological processes that characterize the late course of graft failure are loss of

nephrons, glomerulosclerosis of the remaining nephrons, and interstitial fibrosis and tubular atrophy
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In kidney transplant recipients, late graft failure is often multifactorial. In addition, primary

endpoints in kidney transplantation studies seek to demonstrate the short-term efficacy

and safety of clinical interventions. Although such endpoints might demonstrate short-term

improvement in specific aspects of graft function or incidence of rejection, such findings do

not automatically translate into meaningful long-term graft survival benefits. Combining

many factors into a well-validated model is therefore more likely to predict long-term

outcome and better reflect the complexity of late graft failure than using single endpoints. If

conditional marketing authorization could be considered for therapies that aim to improve

long-term outcomes following kidney transplantation, then the surrogate endpoint for graft

failure in clinical trial settings needs clearer definition. This Consensus Report considers the

potential benefits and drawbacks of several candidate surrogate endpoints (including

estimated glomerular filtration rate, proteinuria, histological lesions, and donor-specific

anti-human leukocyte antigen antibodies) and composite scoring systems. The content

was created from information prepared by a working group within the European Society for

Organ Transplantation (ESOT). The group submitted a Broad Scientific Advice request to

the European Medicines Agency (EMA), June 2020: the request focused on clinical trial

design and endpoints in kidney transplantation. Following discussion and refinement, the

EMA made final recommendations to ESOT in December 2020 regarding the potential to

use surrogate endpoints in clinical studies that aim to improving late graft failure.

Keywords: rejection, outcome, graft function, conditional marketing authorization, iBox

INTRODUCTION

Key primary endpoints in kidney transplantation are recipient death, graft failure, biopsy-confirmed
acute rejection, and graft (dys)function. These endpoints have clear roles in research that aims to
improve short-term clinical outcomes after transplantation, and they are also the efficacy endpoints

used most often in clinical trials (1). However, as improvement in short-term graft survival (by
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Patient-reported outcomes (PROs) that assess individuals’ perceptions of life participation,

medication adherence, disease symptoms, and therapy side effects are extremely relevant

in the context of kidney transplantation. All PROs are potentially suitable as primary or

secondary endpoints in interventional trials that aim to improve outcomes for transplant

recipients. Using PRO measures (PROMs) in clinical trials facilitates assessment of the

patient’s perspective of their health, but few measures have been developed and

evaluated in kidney transplant recipients; robust methodologies, which use validated

instruments and established frameworks for reporting, are essential. Establishing a core

PROM for life participation in kidney transplant recipients is a critically important need,

which is being developed and validated by the Standardized Outcomes in Nephrology

(SONG)-Tx Initiative. Measures involving electronic medication packaging and smart

technologies are gaining traction for monitoring adherence, and could provide more

robust information than questionnaires, interviews, and scales. This article summarizes

information on PROs and PROMs that was included in a Broad Scientific Advice request

on clinical trial design and endpoints in kidney transplantation. This request was submitted

to the European Medicines Agency (EMA) by the European Society for Organ Transplantation

in 2016. Following modifications, the EMA provided its recommendations in late 2020.

Keywords: patient-reported outcome measure (PROM), patient perspective, adherence, life participation, SONG-Tx,

PROMIS®

INTRODUCTION

The importance of the patient’s perspective on their own health in the assessment of benefits and
risks of therapeutic interventions is widely acknowledged (1). Such information could be relevant for
drawing regulatory conclusions regarding treatment effects, benefit/risk balance assessments, or

specific therapeutic claims (2). A patient-reported outcome (PRO) describes information assessed
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Conditional marketing authorization (CMA) facilitates timely access to new drugs for

illnesses with unmet clinical needs, such as late graft failure after kidney

transplantation. Late graft failure remains a serious, burdensome, and life-threatening

condition for recipients. This article has been developed from content prepared by

members of a working group within the European Society for Organ Transplantation

(ESOT) for a Broad Scientific Advice request, submitted by ESOT to the European

Medicines Agency (EMA), and reviewed by the EMA in 2020. The article presents the

rationale for using surrogate endpoints in clinical trials aiming at improving late graft failure

rates, to enable novel kidney transplantation therapies to be considered for CMA and

improve access to medicines. The paper also provides background data to illustrate the

relationship between primary and surrogate endpoints. Developing surrogate endpoints

and a CMA strategy could be particularly beneficial for studies where the use of primary

endpoints would yield insufficient statistical power or insufficient indication of long-term

benefit following transplantation.

Keywords: mortality, late graft failure, unmet medical need, morbidity, re-transplantation, clinical studies

INTRODUCTION

The guideline CHMP/EWP/263148/06 of the European Medicines Agency (EMA) Committee for
Medicinal Products for Human Use (CHMP), issued in 2008, identifies the primary composite
endpoint for clinical trials in organ transplantation as recipient death, graft failure, biopsy-confirmed

acute rejection, and graft (dys)function (1). Based on this composite endpoint, specific
immunosuppressive drugs have received full (standard) marketing authorization for
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Further improvement of outcomes can only when we 

target the actual causes of graft failure

Van Loon et al Transplantation  2020



Graft failure is a complex process with 

primary and secondary causes

Mayrdorfer et al. JASN 2021

Primary cause Secondary cause

Primary causes



Adapted from Naesens M et al Transplant Int 2022

The multifactorial causes of graft failure 
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The multifactorial causes of graft failure 



Adapted from Naesens M et al Transplant Int 2022

The multifactorial causes of graft failure 



The BENEFIT study confirms the beneficial 

effect of belatacept in terms of eGFR

Vincenti F et al. N Eng J Med 2016
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The rejections in the BENEFIT study were T-cell mediated

with low risk of DSA formation

Vincenti F et al. N Eng J Med 2016

BELA MI BELA LI CsA

0%

5%

10%

15%

20%

14%

9%

6%

Acute rejection occurence

BELA MI BELA LI CsA

0%

5%

10%

15%

20%

1.4%
3.1%

11.6%

De novo DSA occurence

***

*
***

No difference in ABMR!



Belatacept is the first IS agent to show 

improved overall survival since CsA

Vincenti F et al. N Eng J Med 2016

Overall survival

Patient survival Graft survival

Not all that happens in the first year post-transplantation

is directly predictive of outcome (BPAR wasn’t!)

–

We need to see the whole picture



We need more realistic and feasible endpoints for future trials

More realistic (surrogate) endpoints should better reflect 

the multidimensional causes of graft failure, and not solely 

focus on graft function or rejection.



Disease Clinical endpoint

Intervention

Towards surrogate endpoints for long-term graft failure



Towards surrogate endpoints for long-term graft failure

Disease Surrogate endpoint Clinical endpoint

Intervention



Towards surrogate endpoints for long-term graft failure

Disease Surrogate endpoint Clinical endpoint

Intervention

Needs to be validated!



Surrogate endpoints for clinical trials need to be well validated



Kasiske et al 2010
URDS Risk-Prediction Tool 

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

Moore et al. 2011
LOTESS Composite Risk Score 

Schnitzler et al. 2012
USRDS Predictive Model 

Shabir et al. 2014)
Birmingham Risk Score  

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

Development set
USRDS registry data 
(N=59,091)

Multicentre French registry 
(DIVAT; N=2169)

Multicentre national cohort 
study (N=2763)

USRDS registry data 
(N=87,575)

Single-centre UK data (N=651)
Single-centre French data 
(N=664)

External validation No Yes (N=317) Yes (single UK centre; N=731) No
Yes (2 European centres and 1 
Canadian centre; N=1998)

Yes (2 other French centres; 
N=896)

Prediction time point 12 months post-transplant 12 months post-transplant
Variable time after 12 months 
post-transplant

12 months post-transplant 12 months post-transplant
Time adjusted (only for 
‘rejection’)

Outcome parameter
Overall graft failure at 5 years 
after transplantation

Death-censored graft failure 
at 8 years

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

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

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

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

Pre-transplant factors 
included in the model

Recipient age; recipient race; 
insurance; cause of ESRD

Recipient gender; recipient 
age; number of previous 
transplantations; donor 
creatinine

Recipient age; recipient 
gender; recipient race

A large array of donor and 
recipient demographic factors 
(N=20)

Recipient age; recipient 
gender; recipient race

Donor age; pre-transplant 
non-DSA HLA antibodies

Post-transplant factors 
included in the model

eGFR at 12 months; 
hospitalization

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

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

eGFR at 12 months; acute 
rejection within the first year

acute rejection; eGFR; serum 
albumin; UACR

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

Prognostic accuracy C-statistic 0.65–0.78 ROC AUC 0.78 (0.73–0.80)
C-statistic 0.83 for death-
censored graft failure; 0.70 
for overall graft failure

Not reported
C-statistic 0.78–0.90 for 
death-censored failure; 0.75–
0.81 for overall graft failure

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

Calibration Good Not assessed Good Good Good Good

Limitations

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

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

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

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

No data on rejection 
phenotype; No data on DSA;

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

Tested in randomized trial 
data

No No No

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

No No

None of these prediction models has been validated as a surrogate endpoint
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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

Hilbrands et al Transplant Int 2022

EMA



Data used for the approval of immunosuppressive drugs in kidney 

transplantation: decreasing direct clinical benefit

Naesens & Thaunat Nat Rev Nephrol 2016

In retrospect, the choice 

of the primary endpoints 

for belatacept was well 

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

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)

Life participation as a core outcome



Ju A, et al. Transplantation 2018

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

enjoyment, control and hope in their lives’ 

• 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

Definition and measurement of life participation



• 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

EMA/CHMP’s response

Tong et al. Transpl Int 2022; 35:10134

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

Does EMA (CHMP) agree with the proposed PROs as endpoints for 

use in clinical trials of kidney transplantation interventions? 



The elephant in the room

Generated with DALL-E in the style of Dalí



In higher risk populations, patient mortality is 

more frequent than graft failure

Van Loon et al Transplantation 2020

N=1000 pts transplanted 2004-2013



Patient survival is ill studied in transplantation

Countries # of 

patients 

on 

dialysis 

for ESKD

Number 

of KTR/ 

year

Populatio

n in 

millions

KTR/ 

Millio

n

Patient Survival (%) 

after LD transplant 

at years

Patient Survival

(%) after DD 

transplant at years

Graft Survival

(%) after LD 

transplant at years

Graft Survival

(%) after DD 

transplant at years

3 5 10 3 5 10 3 5 10 3 5 10

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 47 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

Coemans et al BMJ 2022



Kidney transplantation - a quiet revolution

Patient death

Ying et al J Am Soc Nephrol 2020

Transplant 

outcome
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Immunologic
risk assessment
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Infection
management
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Post-transplant
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Cancer/



SLGT2 inhibitors in transplantation

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

Effect of SGLT2 inhibitors on kidney failure.



Studies specific for other outcomes after transplantation

Chen et al NEJM 2015 Allen et al NEJM 2023



Conclusion

Surrogate
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eGFR
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Thank you!
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