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De l’utilité: un même terme pour des 
réalités différentes

Médecin
Etre utile, c’est avant tout agir
• Améliorer la survie du greffon
• Prévenir les effets secondaires des traitements
• Préserver la qualité de vie des patients

Patient
Concilier traitement et qualité de vie

Scientifique
Comprendre un phénomène
Aider le médecin
• Rationalisation des options thérapeutiques (outils biostatistiques objectifs)
• Proposer des pistes pour modifier la prise en charge thérapeutique
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KTFS* (Kidney Transplant Failure Score)

ü Objectif 
ü Adaptation du suivi des patients en fonction de 

leur susceptibilité à long-terme de retour en 
dialyse.

(*) Foucher et al. (2010; Kidney International. 
A clinical scoring system highly predictive of 
long-term kidney graft survival.
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ü Objectif 
ü Adaptation du suivi des patients en fonction de 

leur susceptibilité à long-terme de retour en 
dialyse.

ü Modélisation
ü Echantillon d’apprentissage DIVAT (N=2169)
ü 8 paramètres cliniques dans un score
ü Classification des patients en 2 groupes (KTFS ±

4.17)
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8 paramètres cliniques
• Donneur. Dernière créatinémie
• Receveur. Créatinémie à 3 et 12 mois;

Protéinurie à 12 mois; Genre et âge; rang de
la transplantation; nombre d’épisodes de rejet
au cours de la 1ère année
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ü Objectif 
ü Adaptation du suivi des patients en fonction de 

leur susceptibilité à long-terme de retour en 
dialyse.

ü Modélisation
ü Echantillon d’apprentissage DIVAT (N=2169)
ü 8 paramètres cliniques dans un score
ü Classification des patients en 2 groupes (KTFS ±

4.17)
ü Validation externe

ü 3 centres extérieurs (N=317).
ü Courbe ROC à 8 ans  (AUC = 0,78; CI 95%=[0,71 ; 

0,86])
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The KTFS decision threshold was calculated at 4.17, which
corresponds to the maximum value of sensitivity (0.72) and
specificity (0.71). Two grades were thus defined. Grade I was
the group with the lower risk of graft failure (KTFS p4.17)
and grade II was the group with the higher risk (KTFS
44.17). The graft survival curves are presented in Figure 4a.
One can see that at 8 years, the graft failure rate was 7.0% for
grade I versus 29.8% for grade II (Po0.0001). In all, 65% of
patients were classified as grade I and 35% as grade II. A total
of 31% of patients in grade I had kidneys from deceased
donors who met the expanded criteria donors, whereas the
percentage was 51.8% for patients in grade II (Po0.0001).
This difference in distribution of the expanded criteria donor
transplants did not explain the predictive capacities of the
KTFS, because graft survival between the expanded criteria
donor and non-expanded criteria donor transplants was not
significant (P¼ 0.2520).

Validation in the independent test set
The capacity of the KTFS to predict 8-year graft failure was
also analyzed for the test set (317 independent patients from
four different centers). Figure 3b shows the ROC curves and
also that the KTFS was still the predictor with the best
accuracy (AUC¼ 0.78, CI95%¼ (0.71, 0.86)). It outperformed
the Cr (AUC¼ 0.67, CI95%¼ (0.58, 0.78)), the eGFR
(AUC¼ 0.67, CI95%¼ (0.56, 0.78)), and the DCr between
6 and 12 months post-transplant (AUC¼ 0.61, CI95%¼
(0.53, 0.79)). The prognostic capacity of the KTFS was thus
still higher than the 1-year Cr (P¼ 0.0050), the 1-year eGFR
(P¼ 0.0083), and the DCr (P¼ 0.0300).

Figure 4b also shows that the threshold of 4.17
discriminated the two groups according to graft survival.

The graft failure rate of patients in grade I was 8.2% at 8 years
versus 25.3% in grade II (Po0.0001). In this test set, 74.5%
of patients were classified as grade I and 25.5% as grade II.
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Figure 2 | Distribution of the Kidney Transplant Failure Score
(KTFS) calculated in the training population (n¼ 2169).
Histogram of the KTFS calculated in the training population,
representing the distribution of the composite end point
(n¼ 2169).
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Figure 3 | 8-Year predictive properties of the Kidney
Transplant Failure Score (KTFS). (a) Receiver–operator
characteristic (ROC) curves for 8-year predictions to evaluate the
prognostic capacity of the different markers. The KTFS (black line,
AUC¼ 0.78) is the most predictive marker. The usual surrogate
markers, 1-year Cr (red line, AUC¼ 0.73) and 1-year estimated
graft filtration rate (eGFR; green line, AUC¼ 0.70), show lower
predictive capacities. The evolution of creatinine (Cr) between
6 and 12 months is the worst marker (blue lines, AUC¼ 0.60). The
area under the ROC curve of the KTFS is higher than those of the
others (Po0.0001, one-tailed test by bootstrap resampling).
(b) ROC curves for 8-year prediction applied to the independent
testing set. The results are similar to those obtained in the training
set. The KTFS (black line, AUC¼ 0.78) is the most predictive
marker. The usual surrogate markers, 1-year Cr (red line,
AUC¼ 0.67) and 1-year eGFR (green line, AUC¼ 0.67), show lower
predictive capacities. The evolution of Cr between 6 and 12
months is the worst marker (blue line, AUC¼ 0.61). The area under
the ROC curve of the KTFS is higher than those of the others
(Po0.05, one-tailed test by bootstrap resampling).
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KTFS* (Kidney Transplant Failure Score)

DISCUSSION
The early prediction of long-term outcome in kidney
transplantation has become a major issue, not only for
guiding clinical management but also for shortening the
survey period. In this paper, we present a non-invasive
composite clinical tool, called the KTFS, as a surrogate for

long-term graft outcome. Although our paper describes the
KTFS in a given clinical context, the method has the potential
to be substantially improved and adapted to other types of
transplantation or with other cohorts (different variables or
patients).

The KTFS was calculated from 2169 kidney recipients.
It combines risk factors of graft loss, including Cr values (at
3 and 12 months), proteinuria value (at 12 months),
recipient age and gender, number of previous transplanta-
tions, donor Cr value, and rejection episodes. All these
parameters were collected within the first post-transplant
year. The KTFS has been shown to have properties that are
useful for the prediction of graft failure up to the eighth post-
transplant year. A patient with a KTFS o4.17 is predicted to
have a functioning graft on the eighth anniversary of
transplantation, with a 93% chance of accuracy. However, a
patient with a KTFS 44 has a 29.8% risk of renal failure. We
also compared the prognostic capacities of the KTFS with
various other markers of kidney graft function, namely 1-year
Cr, 1-year eGFR, as well as the change in Cr level between 6
and 12 months. The capacity of the KTFS to predict graft
failure was significantly better. It comes as no surprise that
the KTFS works better than the 1-year Cr, eGFR, or Cr
change between 6 and 12 months, because these variables are
included in the KTFS. However, this is the first time that a
composite approach has been proposed and evaluated
properly.

In contrast to the study by Kaplan et al.,21 we showed that
Cr and its eGFR are acceptable predictors of graft survival.
This difference is probably because of the statistical
modelling, as Kaplan et al.21 used conventional ROC curves.
In contrast, we have used in the present paper an ROC
method adapted to survival data.30

The robustness of the results obtained from the training
set was consolidated by including a test set of 317 patients,
which was completely independent. This validation analysis
yielded similar results even though the patients differed for
several parameters included in the KTFS, such as younger age
of recipient and donor, higher percentage of male donors,
and less number of re-transplanted patients.

The analysis has been also developed in accordance with
the intended clinical application, and the KTFS can be used
with a threshold value for medical decision-making. The
KTFS could thus be adapted with the aim of providing a
simple and useful tool for physicians to predict, at 1 year, the
future outcome of the patient.

One limitation of the KTFS is that it is restricted to
patients who have maintained their graft function for at least
1 year post-transplantation. For this reason, patients who had
lost their kidney transplants during the first year were
excluded from this study (22 deaths with a functioning graft
and 216 transplant failures). However, when we analyzed the
causes of graft failure during the first year, we identified
specific events including 84 vascular thromboses, 45
irreversible rejection episodes, 15 early relapses of initial
disease, 16 never-functioning kidneys, 10 severe surgical

1-year score
computation

1-year score
computation

Grade I: KTFS ! 4.17 (n=1405)
Grade II: KTFS > 4.17 (n=764)

Grade I: KTFS ! 4.17 (n=236)
Grade II: KTFS > 4.17 (n=81)
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Figure 4 | Graft survival functions according to the Kidney
Transplant Failure Score (KTFS) grades (threshold calculated at
4.17 by maximizing both the sensitivity and the specificity).
(a) Estimation of transplant survival during the first 8 years post-
transplantation and according to the two grades defined at 1-year
post-transplantation. The dark line indicates the low-risk
subgroup (grade I), with a 93% probability of having a functional
kidney at 8 years post-transplantation. The survival of the grade II
subgroup (red line) is lower, with an 8-year probability of survival
estimated at 70.2%. The difference between the two curves is
highly significant (log-rank test, Po0.00001). (b) These are the
same survival curves, but estimated from the test set. The dark
line represents the low-risk subgroup (grade I), with a 91.8%
probability of having a functional kidney at 8 years post-
transplantation. The survival of the grade II subgroup (red line) is
lower with an 8-year probability of survival estimated at 75.8%.
The difference between the two curves is still highly significant
(log-rank test, Po0.00001).
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KTFS* (Kidney Transplant Failure Score)

ü Objectif 
ü Adaptation du suivi des patients en fonction de 
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KTFS* (Kidney Transplant Failure Score)

Patients

Objectif de 
personnalisation

Modélisation
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capacités 
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Construction d’un 
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l’efficience

Randomisation 
(n=700)

STANDARD

Calcul KTFS

Low Risk
(KTFS<4,17)

4 consult/an

High Risk
(KTFS>4,17)

6 consult/an

TELECONSULTATION

Calcul KTFS

Low Risk
(KTFS<4,17)

1 consult/an
3 video/an

High Risk
(KTFS>4,17)

6 consult/an
6 video/an

Critère de jugement médico-économiques: efficacité/qualité de 
vie/coûts 



Un score, pourquoi faire ?

Modification de la
fréquence de visite
des patients

Groupe faible risque

Groupe fort risque

Améliorer la qualité de vie

Améliorer la survie des greffons

Score basé sur les données cliniques uniquement



Pourquoi inclure des biomarqueurs ?

Groupe faible risque

Groupe fort risque
Changer la prise en
charge thérapeutique

Score + Biomarqueurs

Améliorer les capacités
pronostiques du score



Mesure de paramètres biologiques

Population de patients 
transplantés avec une 

fonction stable

Population cliniquement homogène
Critères d’inclusion
• >5 années post-transplantation
• Traitement immunosuppresseur conventionel
• Suivi post-inclusion >6 années

Critères d’exclusion
• Épisodes de rejet aigu
• Infection active

DIVAT-Biocoll. Réalisation d’études prospectives sans les contraintes temporelles d’inclusion et de suivi



Homogénéité clinique – Hétérogénéité 
immunologique

Population de patients 
transplantés avec une 

fonction stable

Analyse du 
répertoire TCR Vβ

PBMC

cells are pp65 specific [14]. By comparing the CDR3-LD

(Supporting Information Fig. 4A and B), we confirmed that CD81

T cells account for the majority of the alterations found in the

PBMC repertoire [10, 15]. Interestingly, these alterations are

found in the pp65-HLA-A2 tetramer-negative CD81 T cells. A

quantitative analysis of the differences calculated Vb by Vb
between all fractions confirm for both individuals that pp65-HLA-

A2 tetramer-negative CD81 T cells are highly similar to total

CD81 T-cell fraction, whereas important differences are noted

with the pp65-HLA-A2 tetramer-positive fraction (Supporting

Information Fig. 5). A detailed review of the CDR3-LD in

Supporting Information Fig. 4A shows three situations: (i) the

pp65-HLA-A2 tetramer-positive CD81 T cells exhibit the same Vb
CDR3-LD as the negative fraction (Vb1, Vb2, Vb11, Vb12.1,
Vb15, Vb17 and Vb24); (ii) particular expansions are revealed in

the positive fraction, but without modifying the CD81 T-cell Vb

Figure 2. Clinically homogenous transplanted patients display diverse usage of their TCR repertoire. (A) Distribution of the PCA C1 coordinates of
the STA patients. According to the observed segmentation of the distribution of the coordinates of the 209 STA on the C1 axis, three boundaries at
C1 values of !0.032, 0.008 and 0.071 define four classes of TcL patterns (K-means clustering). (B) Examples of TcL of a representative STA patient for
each of the four TcL classes (x: CDR3 length, y: TCRVb gene, z: qPCR Vb gene/HPRT, color: perturbation from Gaussian distribution). (C) Percentages
and numbers of STA, STN and MIS patients belonging to the four different TcL classes based on their respective PCA C1 coordinates.
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Analysis of the peripheral T-cell repertoire in kidney
transplant patients
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Annaı̈ck Pallier1, Cécile Braudeau1, Gwenaëlle Roussey-Kesler1, Joanna Ashton-Chess1,2,
Jean-Christophe Doré4, Eric Thervet5, Christophe Legendre5, Maria P. Hernandez-Fuentes6,
Anthony N. Warrens7, Michel Goldman8, Hans-Dieter Volk9, Uwe Janssen10, Kathryn J. Wood11,
Robert I. Lechler6, Dominique Bertrand12, Véronique Sébille3, Jean-Paul Soulillou!1 and
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The long-term stability of renal grafts depends on the absence of chronic rejection. As T cells play a key role in rejection
processes, analyzing the T-cell repertoire may be useful for understanding graft function outcomes. We have therefore
investigated the power of a new statistical tool, used to analyze the peripheral blood TCR repertoire, for determining
immunological differences in a group of 229 stable renal transplant patients undergoing immunosuppression. Despite
selecting the patients according to stringent criteria, the patients displayed heterogeneous T-cell repertoire usage,
ranging from unbiased to highly selected TCR repertoires; a skewed TCR repertoire correlating with an increase in the
CD81/CD41 T-cell ratio. T-cell repertoire patterns were compared in patients with clinically opposing outcomes i.e. stable
drug-free operationally tolerant recipients and patients with the ‘‘suspicious’’ form of humoral chronic rejection and
were found significantly different, from polyclonal to highly selected TCR repertoires, respectively. Moreover, a selected
TCR repertoire was found to positively correlate with the Banff score grade. Collectively, these data suggest that TCR
repertoire categorization might be included in the calculation of a composite score for the follow-up of patients after
kidney transplantation.
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Quelle sous-population est 
responsable des altérations 
du répertoire TCR Vβ ?

Quelle conséquence 
sur le devenir du 
greffon ?
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Expansion of Highly Differentiated Cytotoxic
Terminally Differentiated Effector Memory CD8+

T Cells in a Subset of Clinically Stable Kidney
Transplant Recipients: A Potential Marker
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ABSTRACT
Despite the effectiveness of immunosuppressive drugs, kidney transplant recipients still face late graft
dysfunction. Thus, it is necessary to identify biomarkers to detect the first pathologic events and guide
therapeutic target development. Previously, we identified differences in the T-cell receptor Vb repertoire
in patients with stable graft function. In this prospective study, we assessed the long-term effect of CD8+

T-cell differentiation and function in 131 patients who had stable graft function. In 45 of 131 patients, a
restriction of TCR Vbdiversity was detected and associatedwith the expansion of terminally differentiated
effector memory (TEMRA; CD45RA+CCR72CD272CD282) CD8+ T cells expressing high levels of perforin,
granzyme B, and T-bet. This phenotype positively correlatedwith the level of CD57 and the ability of CD8+

T cells to secrete TNF-a and IFN-g. Finally, 47 of 131 patients experienced kidney dysfunction during the
median 15-year follow-up period. Using a Cox regression model, we found a 2-fold higher risk (P=0.06) of
long-term graft dysfunction in patients who had increased levels of differentiated TEMRA CD8+ T cells at
inclusion. Collectively, these results suggest that monitoring the phenotype and function of circulating
CD8+ T cells may improve the early identification of at-risk patients.

J Am Soc Nephrol 25: ccc–ccc, 2014. doi: 10.1681/ASN.2013080848

The major immunologic cause of late kidney graft
failure is chronic antibody-mediated rejection
(CAMR).1 Its diagnosis relies on renal dysfunction,
histologic features, and donor-specific antibodies.2

The biologic mechanisms leading to CAMR are
poorly defined. Whereas anti-donor antibodies
are identified as a risk factor for graft survival,3,4

preexisting T-cell memory is associated with high
incidence and severe rejection episodes,5 and recip-
ients prone to acute rejection have a higher precur-
sor frequency of alloreactive CD8 T cells than
nonrejectors.6 Using an experimental model of

CAMR,7 we previously reported that a similar
T-cell receptor (TCR) Vb selection of CD8 T cells
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Prospective enrollment of 131 patients (Time 
post-Transplantation >5 years)

Altered TCR
Vb repertoire (n=45)

Unaltered TCR
Vb repertoire (n=86)

TcLandscape Analysis
(n=131)

Phenotypic analysis (n=35)Phenotypic analysis (n=71)

TREC measurement
(n=131)

Unavailability of frozen
PBMC (n=15)

Unavailability of frozen
PBMC (n=10)

Functional analysis (n=16)Functional analysis (n=18)

Patient’s selection (with similar demographic
and clinical parameters)

Phénotype des LT CD8
• Marqueur de viabilité
• CD3, CD8, CD45RA, CCR7, CD27, CD28
1. T-bet & CD57
2. Perforine & Granzyme B
3. IL-7R
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Quel devenir clinique pour les patients 
présentant une accumulation de LT CD8 de 
type TEMRA ?

Cellules T CD8

• TEMRA CD8
• Différentiation poussée CD27-

CD28-

• Répertoire TCR Vβ restreint
• Tbethigh CD57+ / PERF+GZM-b+

• EM et Naive CD8
• Surtout CD27+CD28+

• Répertoire TCR Vβ polyclonal
• Tbetlow CD57- / PERF-GZM-b-

Population de patients transplantés avec 
une fonction stable

Homogénéité
clinique

Hétérogénéité
immunologique



Quel devenir clinique pour les patients 
présentant une accumulation de LT CD8 de 
type TEMRA ?

Identification des patients 
selon leur profil LT CD8

Population de patients 
transplantés avec une 

fonction stable

Probabilité de dysfonction 
rénale

>6 années post-inclusion
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FIGURE 4. Probabilité cumulée de dégradation en fonction de la classification TCD8 et du temps
depuis le 5ème anniversaire de la transplantation.
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HR 1.96
p=0.06

41.6% 23.0%

% de LT CD8 de 
type TEMRA

Elevée Faible

≥ 15 ans post-greffe

>5 années post-transplantation

Hétérogénéité
immunologique



Mesurer la fréquence des sous-populations 
LT CD8 peut-il améliorer le KTFS ?

Etude prospective
161 patients transplantés rénaux
Recrutement (Février 2007 – Décembre 2011)

Critères d’inclusion
• Paramètres cliniques pour calculer le KTFS
• Echantillons biologiques à 12 mois post-

transplantation

>7 années post-
transplantation

Fin de période de suivi
• 14 retour en dialyse
• 7 décès

KTFS Score composite
(KTFS + LT CD8)

vs

Prédiction des retours en dialyse



Association entre l’expression des 
marqueurs des LT de type TEMRA et le 
retour en dialyse

Marker Missing Mean SD Min Max raw HR 95% CI adj. HR 95% CI p-value
Naive 0 1.64 1.33 0.04 6.03 0.73 [0.44,1.23] 0.81 [0.47,1.39] 0.4421
CM 0 0.80 0.64 0.06 3.98 0.87 [0.34,2.23] 0.68 [0.28,1.66] 0.4008
EM 0 2.51 1.22 0.38 5.89 0.77 [0.48,1.24] 0.65 [0.41,1.03] 0.0644
TEMRA 0 4.37 2.05 0.48 8.70 1.23 [0.94,1.60] 1.32 [1.02,1.70] 0.0340
CD127+ 0 5.07 2.32 0.41 9.57 0.89 [0.70,1.13] 0.80 [0.63,1.01] 0.0569
CD27+CD28+ 0 3.82 2.08 0.40 8.64 0.78 [0.59,1.04] 0.71 [0.53,0.97] 0.0294
CD27-CD28+ 0 1.23 1.21 0.08 7.08 1.16 [0.77,1.75] 0.92 [0.55,1.54] 0.7606
CD27+CD28- 0 0.69 0.43 0.03 3.19 0.16 [0.03,0.87] 0.20 [0.03,1.38] 0.1020
CD27-CD28- 0 4.25 2.37 0.18 9.14 1.19 [0.95,1.50] 1.29 [1.03,1.63] 0.0277
GZMB+PERFD48+ 0 3.70 2.21 0.12 8.82 1.13 [0.90,1.43] 1.21 [0.96,1.52] 0.1029
GZMB-PERFD48+ 0 1.40 1.29 0.00 7.60 1.00 [0.62,1.63] 0.89 [0.58,1.37] 0.5970
GZMB+PERFD48- 0 0.85 0.97 0.01 6.38 1.29 [0.92,1.81] 1.53 [1.07,2.21] 0.0211
GZMB-PERFD48- 0 4.05 2.23 0.29 9.48 0.78 [0.59,1.02] 0.74 [0.56,0.97] 0.0311
CD57-TBET+ 0 2.78 1.33 0.02 7.47 0.97 [0.62,1.52] 1.12 [0.78,1.61] 0.5302
CD57+TBET+ 0 3.54 1.99 0.00 8.46 1.14 [0.88,1.46] 1.23 [0.96,1.59] 0.1042
CD57+TBET- 0 0.34 0.74 0.00 4.77 1.28 [0.79,2.07] 1.17 [0.65,2.12] 0.6026
CD57-TBET- 0 3.35 2.01 0.17 8.01 0.82 [0.61,1.11] 0.73 [0.54,0.98] 0.0357

Table 1. Relationship between the markers and the time to return in dialysis (n=161).
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Score composite de prédiction du 
retour en dialyse
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Figure 4. Time-dependent ROC curves for a prognostic up to 6 years post transplantation.

www.divat.fr 13

Kidney Transplant Failure Score 
« 8 variables cliniques »
AUC = 0.64

Kidney Transplant Failure Score + 
% de TEMRA
AUC = 0.69

Kidney Transplant Failure Score +
% des CD27+CD28-, GZMb+PERF+

et GZMb-PERF-

AUC = 0.76

Sélection des paramètres 
immunologiques selon 2 
stratégies biostatistiques
différentes

26.1% des patients mieux classifiés



Et maintenant ?

■ Mesurer la fréquence des LT CD8 pour identifier précocément les patients 
retournant en dialyse pour des causes immunologiques

■ Modification de la prise en charge thérapeutique de ces patients
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