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ABSTRACT

Background and aimBefore antiviral therapy, kidney transplant reems infected with
hepatitis B (HBV) and C (HCV) virus had a poor autee. Since the 90s, nucleos(t)ide
analogues have been widely used in HBV infectedepts, while interferon-based therapy
was rarely used in HCV infected patients. The aiaswo update the impact of HBV and
HCV on patient and graft survival, according thealreplication

Methods:Analyze the French national database CRISTAL: 31d8ney transplant recipients
including 575, 1060 and 29798 with a chronic hejgall, C and non-infected, respectively
Results: Ten-year survival was lower in HCV (71.3%) thanHBV (81.2%, p=0.0004) or
non-infected kidney transplant recipients (82.7%0.0001). Ten-year kidney graft survival
was lowerin HCV (50.6%)than in HBV (62.3%, p<0.0001pr non-infectedpatients (64.7%,
p<0.0001). A random analysis of the medical recafl4d84 HBV and 504 HCV patients
showed a control of viral replication in 94% and@@56f cases, respectively. Ten-year patient
and graft survival in patients with detectable HRXA was lower than in their matching
controls. Conversely, HCV patients with undeteablCV RNA had higher ten-year
survival than their matched controls without sigraft differences in graft survival.
Conclusions: Chronic HBV infection does not impact ten-yearigut and kidney graft
survival thanks to control of viral replication, tvinucleos(t)ide analogues. In HCV kidney
transplant recipients, patients with detectable R the poorer outcome whereas outcome
of those with undetectable RNA is at least as gaodon infected patients. Thus, direct anti-
virals should be systematically offered to HCV-itkd patients.

Key-words: kidney transplant recipients; chronic hepatitjironic hepatitis B; prognosis
Lay summary: Outcome of kidney transplant KTR with viral supgsion is a least as good

as non-infected KTR whereas KTR with viral replioathad the poorer outcome.



Antiviral therapy should be systematically proposedHBV- and/or HCV-infected kidney
recipients or candidates to renal transplantatioorder to prevent the deleterious hepatic and
extra-hepatic impact of chronic viral replicatidRecent access to direct antiviral agents in

HCV  patients  with renal dysfunction provides  exwti perspectives.



INTRODUCTION

Renal transplantation (RT) is the best treatmenpatients with end stage renal disease
(ESRD) because of a significant survival benefitcampared to patients who remain on
hemodialysi§ Although the prevalence of Hepatitis B virus (HB%nd C virus (HCV)
infection in patients with ESRD has significantlgatined over time, it remains at least 4-
times higher than in the general populatidnChronic HCV or HBV infection can result in
chronic liver disease, cirrhosis, and hepatocellgiarcinom&® and increase the risk of
chronic kidney disea$é’. Before the use of antiviral therapy, HBV and H@¥ection were
associated with a poor outcome in kidney transplagipients (KTRY** This poorer
outcome has been reported in untreated patielitavith the development of new treatments
against viral hepatitis, an update of data in largieorts of KTR with long-term follow-up is
warranted.

HBV treatment has improved in the last 2 dec&d€sThe probability of undetectability
HBV DNA upon therapy has increased from the usdfirst generation (lamivudine or
adefovir)®? treatment to the second generation analogs (teinafo entecavirf™ > Most
HBV kidney transplant recipients have received gage long-term treatment with analogs
before and continue long after RT. However, theaotpof viral replication on RT remains
somewhat controversfdl Additional studies in HBV-infected RT are needeith longer
follow-up, larger sample populations, and prospectiesigns to provide accurate evaluation.
During the same period, in HCV KTR, interferon hsegimens were contraindicated due to
the high risk of transplant rejection. KDIG@commendations were to treat patients on
hemodialysi&', but interferon-based regimens were associateu aviow efficac® and poor
tolerance in ESRD patiefit€® Since 2017, the updated KDIGO and internationédejines
recommend extensive use of the new direct antl-agents (DAAs) because of their good

efficacy and safetgy *



The aims of the present study were to update onnfheence of HBV and HCV on patient
and graft survival and to assess the prognostiluente of viral replication in a large

prospective French database of KTR.

METHODS

Study Conduct

Both scientific Committees from the ANRS (in chafethe research on viral hepatitis) and
the ABM (Agence de Biomédecine in charge of gréfication), two French governmental
agencies, approved the study. The CNIL (Commis$lationale de I'Informatique et des
Libertés), the French government agency in chargehe authorization for the use of
database, allowed the CRHU of Lille to analyze ¢hemta on December, 282012

(authorization number: 912384).

Data collection and variables

From January 1993 to December 2010 data were édidcom CRISTAL, a national
database begun in 1993 and administered by the ABi¥Iprospectively collects data on all
organ transplant recipients in France along witkirtoutcomes and donor characteristics.
Recipient and donor data are entered into the CRISTegistry by transplant and
procurement centers, respectively. Recipient demtseported prospectively. The study was
performed in accordance with the French law indicathat research studies based on the
national registry CRISTAL are part of transplansessment activity and do not require
institutional review board approval. Data are esdeinto the register by each center. Data
collection is mandatory. Variables potentially asated with outcomes were analyzed.
Demographic and clinical data were collected attthee of transplantation and annually

thereafter. The following variables were analyzgender of donors and recipients, age of



recipients and donor, duration of dialysis, dumatid cold ischemia, underlying nephropathy,
year of transplantation, screening of HBsAg, antd-lA&V. Only adult KTR (i.e age>18

years) were included.

Random checking of viral replication in infected VABnd HCV recipients

We randomly selected 191 HBV and 511 HCV KTR cagesssess the control of viral
replication among the centers with high yearly $gant activities from the CRISTAL
database. This numbers were calculated on the bégise following assumptions: a) for
HBV cases, we expected 70% of patients with contirall replication, a relative precision of
20% in the estimation of this rate (correspondm@ twidth of 95% confidence interval) and
25% with unavailable virological data. b) for HCVIR cases, we expected 20% of patients
with control viral replication, a relative precisiof 40% in the estimation of this rate and
25% with unavailable virological data. Between 2@b4 2015, research assistants visited the
centers of selected recipients to analyze recigianedical records and recorded in case
report forms the following information: results g@iantification of HBV DNA viral and/or
HCV RNA, antiviral therapy (“yes” or “no”), the tgpof regimen in treated patientata for
diagnosis of cirrhosis such as histological datd/@nresults of Fibrotest® and Fibroscan®.
HBYV replication was considered to be controlledHiBY KTR if DNA <20 000 units during
follow-up, based on the definition proposed bye EASL Clinical Practice Guidelines
published in 2012 to consider antiviral therapylassify patients as inactive carriérfNA
was classified as undetectable in HCV patientsvim ¢tases: a/ spontaneous HCV clearance
defined as anti-HCV antibodies and negative HCV RNAsustained virological response
defined as undetectable HCV RNA 24 weeks afteraheé of antiviral therapy in treated

patients.

Case—Control Study of HCV recipients with availabléV RNA data



For each HCV KTR with detectable or undetectable/HRONA (cases), we randomly selected
one to four matched controls from the 29797 noedtdd RT patients, with the following
matching criteria: gender, age of recipients + @rgeduration of dialysis in quartiles
calculated for the overall population (<40, 41 @ 83 to 206>207 months)quartiles of
duration of cold ischemia (<15.8, 15.8 to 20.4,52@m 28.4,>28.5 hours) and year of
transplantation £ 5 years. The control groups wanelomly matched to case groups using the

global optimal matching algorithm.

Endpoints

The primary endpoint was ten-year overall survasadl the secondary endpoint was ten-year
graft survival. Overall survival was defined as thme from the date of renal transplantation
to the date of death from any cause. Patients ngftkat renal transplants were also treated as
censored cases at the time of the second renalpteant. Graft survival was defined as the
time from the date of renal transplantation to dlage of graft loss or death from any cause.
Graft loss was defined as the need for permanaysi or repeat transplantation.

For both overall- and graft-survivals, patientshaib information at ten years were treated as
censored cases at the date of the last follow-upenents that occurred after the ten-year
follow-up period were not included in analysis.

Statistical analysis

Quantitative variables were expressed as meansnd@th deviations) or medians
(interquartile range) and categorical variablesemexpressed in numbers and percentages.
10-year overall and graft survivals were estimatgidg the Kaplan-Meier method.

Main baseline characteristics were compared inaberall cohort (n=31433 adult KTR)
according to viral status (non-infected, HBs Agipes or anti-HCV positive) using the Chi-

Square test, one-way analysis of variance or KitMkallis test, as appropriate. Comparisons



in overall and graft survivals were obtained iratign to viral status using the log-rank test.
To identify independent predictors of ten-year alleand graft survivals, we performed
univariate and multivariate Cox proportional hazardgression models by including viral
status and other main baseline characteristicsl@gerage of recipients and donors, duration
of dialysis, duration of cold ischemia, and year tansplantation). For each candidate
predictor, the proportional hazards assumption \wasessed by examining Schoenfeld
residuals plots. The log-linearity assumption fantnuous predictors was assessed by
examining Martingale residual plots. Since the liogarity assumption for the age of
recipients and donors was satisfied after includiath linear and quadratic terms, the effect
of both ages was modelled using a polynomial famctiAll candidate predictors associated
with survival at a level of significance of p<0-#&re included in the multivariate Cox
regression models. We derived hazard ratios (HRs) Cox regression models as effect size
measures with the 95% confidence intervals (CIs).

The percentage of patients treated by antiviralaine and the percentage of responders to
antiviral therapy were compared from random samepfesvailable viral data from HBV and
HCV KTR between HBV patients with viral replicati@and HCV patients with detectable
RNA using the Chi-square test.

Finally, comparisons of overall and graft-survivélstween HCV KTR and their matched
non-infected controls were performed separatelyedam detectable HCV RNA using Cox
regression models with the robust sandwich variabtanate to take into account the matched
sets.

Statistical testing was performed at the 2-taidel@vel of 0.05. Data were analyzed using

SAS software (version 9.4, SAS Institute Inc., CNZ, USA).

RESULTS



Between January 1993 and December 2010, 32,249 W&R entered into the Cristal
database, and 816 who were < 18 years old weradealfrom the study (figure 1). A total of
31,433 adult KTR (19,580 men and 11,853 women) wectuded with a median age,
duration of dialysis, and cold ischemia of 49.4 rgea28.1 months, and 18.8 hours,
respectively. Patients were grouped according fological status (table 1): 575 HBV KTR
(HBs antigen positive) (1.83%), 1,060 HCV KTR (aHLV positive) (3.37%), and 29,798
non-infected patients (without anti-HCV antibod@sHBs antigen) (94.8%). The 3 groups
differed significantly for sex ratio, age, duratiaf dialysis and cold ischemia, year of
transplantation, and causes of underlying nephhgpéiable 1). The prevalence of HBV
decreased after 2003 (the median year of trangian) from 2.26% to 1.4% (p<0.0001),

while the prevalence of HCV remained stable (3.3898.36%).

Ten-year patient survival (primary outcome)

Ten-year patient survival in HCV KTR (71.3%, 95% 67.5-75.2%) was significantly lower
than in the HBV KTR (81.2%, 95% CI: 77.1-85.2%, @3{D4) and non-infected (82.7%,
95% CI: 82.1-83.2%, p<0.0001) groups (figure 2ahefeé was no difference in ten-year
survival between the HBV and non-infected groupsO(f). In multivariate analysisnale
sex, ageof KTR, duration of dialysis, anti-HCV antibodiesge of donor, duration of cold
ischemia, and year of transplantation were indepetiyl associated with mortality at ten
years (table 2)The proportion of liver-related deaths were sigaifitly higher in HBV

(6.85%, p=0.01) and HCV (7.29%, p<0.0001) KTR tianon-infected KTR (2.33%).

Ten-year graft survival (secondary outcome)
Ten-year graft survival in HCV KTR50.6%, 95% CI46.8-54.4%)was significantly lower

than in the HBV(62.3%, 95% CI: 57.6-67%, p<0.000d) non-infected64.7%,95% CI:64-
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65.4%, p<0.0001)groups (figure 2b)There was no difference in ten-year survival betwee
HBV and non-infected groups (p=0.7). In multivagianalysismale sexage of recipient,
duration of dialysisanti-HCV antibodies, age of donor, duration of c@dhemia,and the

year of transplantation were independently assediaith graft loss at ten years (table 3).

Random checking of viral replication in infected VABnd HCV recipients

Virological data were available in 167 out of 19&dital records from HBV KTR patients
(87.4%). Viral replication was controlled in 157taf 167 HBV KTR (94%), including 21
inactive carriers and 136 treated with NAs. In tive HBV KTR with viral replication, three
were not treated and seven insufficiently conttbldg antiviral therapy.

Virological data were available in 441 out of 51&dital records from HCV KTR patients
(86.3%) (figure 1). HCV RNA was undetectable in 186t of 441 HCV KTR (35%),
including 75 with spontaneous HCV clearance andv@@ a SVR after antiviral therapy.
HCV RNA was detectable in 286 out of 441 HCV KTRI.@%), including 140 untreated
patients and 146 non-responders to antiviral therlppatients with viral hepatitis who were
candidates for antiviral therapy (i.e with viralpleation before initiation of antiviral
therapy), HBV KTR were more frequently treated tHd€V KTR (85.6% (143/167) vs
61.7% (226/366), p<0.0001) with greater success8{85(137/143) vs 35.4% (80/226),
p<0.0001).Using the cut off of 2000 IU/ml, the percentagepatients with control of viral
replication was lower but not so different than pfegcentage of patients with control of viral
replication using the cutoff of 20 000 1U: 83% 8. The proportion of liver-related deaths
among all deaths in HCV KTR patients was 0% in HEVR with undetectable RNA and
8.93% in HCV KTR with detectable RNA. A sensitivianalysis was performed in patients
with fibrosis assessment. Assessment of fibrosis awailable in in 374 out of 702 (53.2%)

medical records of infected patients: 93 out of (48.7%) of HBV KTR and 281 out of 511
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(55%) HCV KTR. Assessment of liver fibrosis was fpamed in 293 (78.3%) cases with
histological analysis, in 12 (3.2%) with Fibrotemtd in 69 (18.4%) with liver stiffness.
Diagnosis of cirrhosis was based on histologicallysmis or according to cut-offs of non-
invasive methods indicating the diagnosis of cisihq0.74 for Fibrotest and 14.6 KPa for
Fibroscan). There were no significant differencesMeen patients with fibrosis assessment
and those without fibrosis assessment in termamafle sex (67% vs. 62.6%), virological
status (21.5% HBV and 78.5% HCV vs. 24.7% HBV ab3% HCV), duration of dialysis
(76.8 vs. 87.9 months), duration of cold ischen@@ ¥s 20.8 hours) age of donors (44 vs.
45.1 years), patient (78.9% vs 73.8%) and graftl@/vs 52%) survival. Infected patients
with fibrosis assessment were younger than thosigowi fibrosis assessment (46.9 vs. 49.1
years, p=0.01). In infected KTR patients with fikigoevaluation, 29 (7.8%) were classified as
cirrhotic and 345 (92.2%) as non-cirrhotic. Ten+ypatient survival in cirrhotic (16.4%, 95%
Cl: 0-36.2%) was significantly lower than in nomrbbtic (84.7%, 95% CI: 79.6-89.9%,
p<0.0001) with an HR of 7.30 (95% CI 2.3-23.3). f@ar graft survival in cirrhotic (12%,
95% CI: 0-27%) was also lower than in non-cirrh@@& %, 95% CI: 54.5-67.6%, p<0.0001)
with an HR of 3.24 (95% CI: 1.5-6.9). The propontiof liver-related deaths was higher in
infected KTR with cirrhosis than in infected KTR thout cirrhosis: 64.7% vs 1.8%,
p<0.0001.In non-cirrhotic infected patients, ten-year patisarvival in KTR with viral
replication (79.9%, 95% CI: 72.1-87.6%) was lowmart in in those without viral replication
(89.4%, 95% CI: 81.8-96.9%, p=0.02) with an HR & 5% CI: 1.3-4.9). Ten-year graft
survival in KTR with viral replication (54.1%, 95%@il: 45.1-63.1%) was also lower than in in
those without viral replication (70.4%, 95% CI: 5080.2%, p=0.02) with an HR of 1.69

(95% Cl:1.1-2.6).
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Case-control study

Use of the global optimal algorithm resulted in tlamdom selection of 935 matched non-
infected controls for 263 HCV KTR with detectabl&R and 482 matched non-infected
controls for 137 HCV KTR with undetectable RNA. Tgebal optimal algorithm could not
identify matched controls for 23 HCV with deteca®NA and 18 HCV with undetectable
RNA. The baseline characteristics of the two casastrol studies of HCV KTR (detectable
and undetectable RNA) are provided in supplementabfes 1 and 2. Ten-year patient
survival in HCV KTR with detectable RNA (66.1%, 9524: 61.1-77.1%) was significantly
lower than in their matching non-infected contr(84.5%, 95% CI. 78.1-84.9%, p=0.003)
with an HR of 1.61 (95%CI, 1.18-2.21) (figure 3ag¢n-year graft survival in HCV KTR with
detectable RNA (45.7%, 95% CI: 38.2-53.2%) was ifiantly lower than in their matching
non-infected controls (59.2%, 95% CI. 55.3-63.1%0.01) with an HR of 1.31 (95% CI,
1.06-1.61) (figure 3b)Ten-year patient survival in HCV KTR with undetddta RNA
(86.5%, 95% CI: 77.8-95.3%) was significantly highlean in their matching non-infected
controls (77.9%, 95% CI: 72.5-83.4%, p=0.04) with 4R of 0.50 (95% CI, 0.25 to 0.98)
(figure 4a). Ten-year graft survival in HCV KTR Wwiundetectable RNA (63.8%, 95% CI:

52.8-74%) was not significantly different than lreir matching non-infected controls (61.5%,

95% Cl: 55.7-67.3%, p=0.3) with an HR of 0.84 (Ot67L.22) (figure 4b). In HCV KTR, we

conducted a post-hoc secondary analysis adjustedidbetes as primary cause of end-stage

renal disease (table 1) and for smoking (31.5%whér or current smokers) showing that the

deleterious effect of HCV replication remained #igant on 10-year patient (HR 2.3, 95%

Cl: 1.11-4.8, p=0.03) and graft survival (HR 1.68%CI:1.04-2.54, p=0.03).

DI SCUSSION
This study evidences that HBV chronic infection,iethhad previously a negative impact on

patient and survival in KT, no longer influencesn-feear patient or graft survival due to the
13



control of viral replication in 90% of cases, reltto the extensive use of nucleos(t)ides
analogue¥' ¥’ By contrast, HCV chronic infection still negatiyémpact ten-year patient and
graft survival, while this negative influence of MCis removed by sustained viral
suppression, since no longer observed in KTR withetectable HCV RNA. The present
results suggest, in line with the international &GO guidelines, that antiviral therapy
should be systematically proposed to HBV- and/orvH@fected kidney recipients or RT
candidates to prevent the deleterious hepatic atich-Bepatic impact of chronic viral
replicatiorf® *°

In this study of 31,433 French patients with refmahsplantation performed between 1993
and 2010, the prevalence of HBV and HCV chroniedtibn was 1.8 % and 3.37 %,
respectively. HBV prevalence decreases from 2.26f6rb 2003 to 1.4% thereafter; the HCV
prevalence remains stable at approximately 3.4%s@lprevalences of HCV and HBV are
significantly lower than the 30% and 15% reportedbur 2 studies of cohorts transplanted
before 1998 '3 This decrease is related to universal hygienecg@utions in hemodialysis
units and systematic anti-HBV vaccination in paewith end-stage renal disease. However,
the current prevalence of both infection in pagsentth CKD, including KTR, is still higher
compared to the general population.

In the sensitivity analysis restricted to infectgtients with available assessment of fibrosis,
cirrhotic infected patients had the worst outcome e value of controlling viral replication
was confirmed even in patients with less severer limjury. However, the results of this
sensitivity analysis should be treated with cauti@tause of the limited sample size of the
cohort of patients with available evaluation ofr@ibis, the a posteriori analysis, the important
variability in the delay to perform the assessmehtfibrosis according to the date of
transplantation and the risk of inflated false pwsi(Type 1) errors because of multiplicity of

comparison. We did not adjust for multiple compamigjiven the exploratory nature of this
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sensitivity analysis restricted to patients withrdisis assessment. Therefore we couldn’t
exclude false positive findings.

Before the era of NAs, HBV KTR ten-year patient adft survival was the worst In the
present study, there was no significant differeincpatient and graft survival between HBV
and non-infected KTR, thanks to the extensive us&lAs'®*. as shown by the random
checking of recipient’s medical records. Thus, ¢hdata support the benefit of NAs in HBV
KTR.

By opposition with HBV, HCV continues to negativeillyfluence KTR. These results are
similar to those observed more than 20 years‘’agd However, to further clarify this
observation, we checked a large number of patite® fo classify KTR according to viral
replication. KTR with undetectable RNA had highen-year patient survival and similar ten-
year graft survival than non-infected. Converség case-control study clearly shows that
KTR with detectable RNA have lower ten-year patientl graft survivals than non-infected.
These data strongly support the control of virglioation in HCV KTR as the best approach
to improve patient and graft survivals. It shoutd dmphasized that the applicability of anti-
viral treatment was limited during the era of iféeon-based regimens. The use of several
DAA regimens in CKD patients including KTR with @nimpairment represents major
progress that will allow extensive use of antiviferapy in RT candidates and KTR patients
with HCV*. HCV therapies with DAAs are being constantly ioyed. Three DAAs
combination have been approved in dialyzed patients patients with ESRE>% Only the
new combination of glecaprevir and pibrentasvir Baswn pan-genotypic HCV activity
achieved SVR rate of more than 98%ith negligible renal excretion. Other DAA regingen
may be used in KTR patients when the glomerularafibn rate is > 30 ml/mir % DAA
treatment should be systematically proposed beford after RT in KTR with HCV

replication.
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Future studies are needed to confirm what has hmermiously reported in high-risk
population for HCV (intravenous drugs user and mto have sex with men), namely
whether systematic anti-viral treatment can deereaseven eliminate the incidence of viral
hepatitis in dialysis patients and KTR. An Européatiative for HCV elimination (European
Hepatology —EASL- and Nephrology association -ERAIR) proposed a program for
“micro-elimination” of HCV in CKD patients.

The limit of this study was the absence of dataceamng the anti-viral treatment and its
efficacy on the viral replication in all patientsliected in the Cristal database. We try to
overcome this limit by performing a case-contraldst in which virological data and anti-
viral therapies were collected, by research asgistavho analyze recipients’ medical records.
In conclusion, HBV and HCV KTR without viral repéiion have similar patient and graft
survivals than non-infected patients. Recent acte$3AA regimens in HCV patients with

renal dysfunction provides exciting perspectives.

Acknowledgement to french kidney transplantation network (for adult patients):

Dr Gabriel Choukroun and Dr Fabien Saint (Amie¥),Thibault Culty et Dr Jean-Frangois
Subra (Angers), Dr Didier Ducloux et Dr Frangoisiiklauss (Besangon), Dr Jean-Marie
Ferriere, Dr Pierre Merville, Dr Eric Dobremez (Beaux), Dr Georges Fournier, Dr Yannick
Le Meur (Brest), Dr Xavier Tillou, Dr Thierry Lobdez (Caen), Dr Jean-Paul Boiteux, Dr
Anne-Elisabeth Heng (Clermont-Ferrand), Dr Philigpembert, Dr Alaexandre de la Taille

(Créteil), Dr Luc Cormier, Dr Christiane Moussonij@d), Dr Bénédicte Janbon, Dr Jean-
Jacques Rambeaud (Grenoble), Dr Antoine Durbachlabgues Irani (Le Kremlin-Bicétre),

Dr Sébastien Bouye, Dr Christian Noél (Lille), Duwlien Descazeaud, Dr Marie Essig
(Limoges), Dr Lionel Badet, Dr Emmanuel Morelon @ny, Dr Yvon Berland, Dr Valérie

Moal, Dr Eric Lechevallier (Marseille), Dr GeorgeSlourad, Dr Rodolphe Thuret

16



(Montpellier), Dr Maryvonne Hourmant, Dr Georgesr&m, Dr Gwenaélle Kesler-Roussey
(Nantes), Dr Laetitia Albano, Dr Daniel Chevalligtice), Dr Francois Desgranchamps, Dr
Denis Glotz (Saint-Louis, Paris), Dr Benoit BarrdDr Gilbert Deray (Pitié-Salpétriere,

Paris), Dr Christophe Legendre (Necker-Enfants Mkeda Paris), Dr Olivier Cussenot, Dr
Eric Rondeau (Tenon, Paris), Dr Pascal Blanchet])dlle Clauedon (Pointe a Pitre), Dr
Thomas Charles, Dr Antoine Thierry (Poitiers), Dé@hane Larre, Dr Philippe Rieu (Reims),
Dr Karim Bensalah, Dr Cécile Vigneau (Rennes), Dninique Guerrot, Dr Christian Pfister
(Rouen), Dr Olivier Dunand, Dr Guillaume Biland, Blenri Vacher-Coponat (Saint-Denis,
Réunion), Dr Eric Alamartine, Dr Jean-Michel Fay&aint-Etienne), Dr Bruno Moulin, Dr

Nabil Chakfe (Strasbourg), Dr Michel Delahousse, Threrry Lebret (Suresnes), Dr Nassim
Kamar, Dr Federico Sallusto (Toulouse), Dr Francky@re, Dr Mathias Buchler, Dr Sylvie

Cloarec, Dr Hubert Lardy (Tours), Dr Luc Frimat, Iacques Hubert (Nancy)

17



REFERENCES

1.

Hariharan S, Johnson CP, Bresnahan BA, TaraBtoMEIntosh MJ, Stablein D.
Improved graft survival after renal transplantatiorthe United States, 1988 to 1996.
N Engl J Med 2000;342:605-12.

Isnard Bagnis C, Couchoud C, Bowens M, Sarrapgsay G, Tourret J, Cacoub P,
Tezenas du Montcel S. Epidemiology update for hep& virus and hepatitis B virus
in end-stage renal disease in France. Liver In72Z1:820-826.

Izopet J, Sandres-Saune K, Kamar N, Salama ®piBWM, Pasquier C, Rostaing L.
Incidence of HCV infection in French hemodialysists: a prospective study. J Med
Virol 2005;77:70-6.

Lai CL, Ratziu V, Yuen MF, Poynard T. Viral hejia B. Lancet 2003;362:2089-94.
Poynard T, Yuen MF, Ratziu V, Lai CL. Viral hejtia C. Lancet 2003;362:2095-100.
Poynard T BP, Opolon P. Natural history of liWi@rosis progression in patients with
chronic hepatitis C. Lancet 1997;349:825-832.

Fabrizi F, Donato FM, Messa P. Association Betwelepatitis C Virus and Chronic
Kidney Disease: A Systematic Review and Meta-Aralydnn Hepatol 2018;17:364-
391.

Lee JJ, Lin MY, Yang YH, Lu SN, Chen HC, Hwand @ssociation of hepatitis C
and B virus infection with CKD in an endemic araalaiwan: a cross-sectional study.
Am J Kidney Dis 2010;56:23-31.

Molnar MZ, Alhourani HM, Wall BM, Lu JL, Strej&, Kalantar-Zadeh K, Kovesdy
CP. Association of hepatitis C viral infection withcidence and progression of
chronic kidney disease in a large cohort of US nagte Hepatology 2015;61:1495-

502.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

Park H, Chen C, Wang W, Henry L, Cook RL, Nel&R. Chronic hepatitis C virus
(HCV) increases the risk of chronic kidney dise#6&D) while effective HCV
treatment decreases the incidence of CKD. Hepat2647.

Fabrizi F, Martin P, Dixit V, Kanwal F, Dulai.GiBsAg seropositive status and
survival after renal transplantation: meta-analysisobservational studies. Am J
Transplant 2005;5:2913-21.

Legendre C, Garrigue V, Le Bihan C, Mamzer-BelnMF, Chaix ML, Landais P,
Kreis H, Pol S. Harmful long-term impact of hepatiC virus infection in kidney
transplant recipients. Transplantation 1998;65:66.7-

Mathurin P, Mouquet C, Poynard T, Sylla C, Benld, Fretz C, Thibault V, Cadranel
JF, Bernard B, Opolon P, Coriat P, Bitker MO. Impatchepatitis B and C virus on
kidney transplantation outcome. Hepatology 199228:63.

Morales JM, Fabrizi F. Hepatitis C and its iipan renal transplantation. Nat Rev
Nephrol 2015;11:172-82.

EASL clinical practice guidelines: Managemeitloronic hepatitis B virus infection.
J Hepatol 2012;57:167-85.

EASL 2017 Clinical Practice Guidelines on thanagement of hepatitis B virus
infection. J Hepatol 2017;67:370-398.

Terrault NA, Bzowej NH, Chang KM, Hwang JP, d&rMM, Murad MH. AASLD
guidelines for treatment of chronic hepatitis B pe®logy 2016;63:261-83.
Hadziyannis SJ, Tassopoulos NC, Heathcote Bang TT, Kitis G, Rizzetto M,
Marcellin P, Lim SG, Goodman Z, Wulfsohn MS, Xiol®y Fry J, Brosgart CL.
Adefovir dipivoxil for the treatment of hepatitis @antigen-negative chronic hepatitis

B. N Engl J Med 2003;348:800-7.

19



19.

20.

21.

22.

23.

24,

25.

Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZie¥ H, Tanwandee T, Tao QM,
Shue K, Keene ON, Dixon JS, Gray DF, Sabbat J. \wadime for patients with
chronic hepatitis B and advanced liver diseasenty E Med 2004;351:1521-31.
Marcellin P, Chang TT, Lim SG, Tong MJ, Siev#t Shiffman ML, Jeffers L,
Goodman Z, Wulfsohn MS, Xiong S, Fry J, Brosgart @defovir dipivoxil for the
treatment of hepatitis B e antigen-positive chrohiepatitis B. N Engl J Med
2003;348:808-16.

Lai CL, Shouval D, Lok AS, Chang TT, Cheinqitr Goodman Z, DeHertogh D,
Wilber R, Zink RC, Cross A, Colonno R, Fernande<htecavir versus lamivudine
for patients with HBeAg-negative chronic hepatBisN Engl J Med 2006;354:1011-
20.

Marcellin P, Heathcote EJ, Buti M, Gane E, denMRA, Krastev Z, Germanidis G,
Lee SS, Flisiak R, Kaita K, Manns M, Kotzev |, Tamev K, Buggisch P, Weilert F,
Kurdas OO, Shiffman ML, Trinh H, Washington MK, $et J, Anderson J, Snow-
Lampart A, Mondou E, Quinn J, Rousseau F. Tenofdisoproxil fumarate versus
adefovir dipivoxil for chronic hepatitis B. N EnglMed 2008;359:2442-55.
Cosconea S, Fontaine H, Meritet JF, Coroug&agni P, Vallet-Pichard A, Mallet V,
Legendre C, Pol S. Benefits associated with amfivireatment in kidney allograft
recipients with chronic hepatitis B virus infectiahHepatol 2012;57:55-60.

Kidney Disease: Improving Global Outcomes (KDI)GCKD Work Group. KDIGO
2012 Clinical Practice Guideline for the Evaluatiand Management of Chronic
Kidney Disease Kidney Int Suppl 2013;1-150.

Deltenre P, Moreno C, Tran A, Ollivier I, Prove, Stanke F, Lazrek M, Castel H,

Canva V, Louvet A, Colin M, Glowacki F, Dharancytgnrion J, Hazzan M, Noel C,

20



26.

27.

28.

29.

30.

31.

32.

Mathurin P. Anti-viral therapy in haemodialysed H@H4tients: efficacy, tolerance
and treatment strategy. Aliment Pharmacol Ther Z1454-61.

Fabrizi F, Dixit V, Martin P, Messa P. Combireattiviral therapy of hepatitis C virus
in dialysis patients: meta-analysis of clinicahtsi J Viral Hepat 2011;18:263-9.
Fabrizi F, Dixit V, Messa P, Martin P. Antivirtherapy (pegylated interferon and
ribavirin) of hepatitis C in dialysis patients: raeinalysis of clinical studies. J Viral
Hepat 2014;21:681-9.

Fabrizi F, Dixit V, Messa P, Martin P. Pegythtaterferon Mono-Therapy of Chronic
Hepatitis C in the Dialysis Population: Systematieview and Meta-Analysis. Ther
Apher Dial 2015;19:611-21.

EASL Recommendations on Treatment of Hepdfiti®018. J Hepatol 2018;69:461-
511.

Hepatitis C Guidance 2018 Update: AASLD-IDSAcBamendations for Testing,
Managing, and Treating Hepatitis C Virus Infecti@iin Infect Dis 2018.

Bruchfeld A, Roth D, Martin P, Nelson DR, Pql I®ndono MC, Monsour H, Jr.,
Silva M, Hwang P, Arduino JM, Robertson M, Nguye¥,BVahl J, Barr E, Greaves
W. Elbasvir plus grazoprevir in patients with hefaiC virus infection and stage 4-5
chronic kidney disease: clinical, virological, anukealth-related quality-of-life
outcomes from a phase 3, multicentre, randomisedbld-blind, placebo-controlled
trial. Lancet Gastroenterol Hepatol 2017;2:585-594.

Pockros PJ, Reddy KR, Mantry PS, Cohen E, BemeSulkowski MS, Bernstein
DE, Cohen DE, Shulman NS, Wang D, Khatri A, Abunin\, Podsadecki T, Lawitz
E. Efficacy of Direct-Acting Antiviral Combinatiofior Patients With Hepatitis C
Virus Genotype 1 Infection and Severe Renal Impanimor End-Stage Renal

Disease. Gastroenterology 2016;150:1590-1598.

21



33.

34.

35.

36.

Roth D, Nelson DR, Bruchfeld A, Liapakis A \&lM, Monsour H, Jr., Martin P, Pol
S, Londono MC, Hassanein T, Zamor PJ, Zuckermawéan S, Jackson B, Nguyen
BY, Robertson M, Barr E, Wahl J, Greaves W. Gragepiplus elbasvir in treatment-
naive and treatment-experienced patients with ftep&t virus genotype 1 infection
and stage 4-5 chronic kidney disease (the C-SURS&tH#&y): a combination phase 3
study. Lancet 2015;386:1537-45.

Gane E, Lawitz E, Pugatch D, PapatheodoridiBr@y N, Brown A, Pol S, Leroy V,
Persico M, Moreno C, Colombo M, Yoshida EM, NelsbR, Collins C, Lei Y,
Kosloski M, Mensa FJ. Glecaprevir and PibrentasviPatients with HCV and Severe
Renal Impairment. N Engl J Med 2017;377:1448-1455.

Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin, Ruoti M, Romero-Gomez M,
Zarski JP, Agarwal K, Buggisch P, Foster GR, Brau Buti M, Jacobson IM,
Subramanian GM, Ding X, Mo H, Yang JC, Pang PS, @&y WT, McHutchison
JG, Muir AJ, Mangia A, Marcellin P. Ledipasvir asdfosbuvir for untreated HCV
genotype 1 infection. N Engl J Med 2014;370:1889-98

Feld JJ, Jacobson IM, Hezode C, Asselah T, &dnGruener N, Abergel A, Mangia
A, Lai CL, Chan HL, Mazzotta F, Moreno C, Yoshida $hafran SD, Towner WJ,
Tran TT, McNally J, Osinusi A, Svarovskaia E, Zhy Brainard DM, McHutchison
JG, Agarwal K, Zeuzem S. Sofosbuvir and VelpataknirHCV Genotype 1, 2, 4, 5,

and 6 Infection. N Engl J Med 2015;373:2599-607.

22



L egends of thetables:

Table 1. Clinical characteristics according to Mgpcal status
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Table 3. Multivariate analysis of factors assodatéth 10-year graft failure in overall cohort
Supplementary Table 1. Results of case—control emisyns of undetectable HCV RNA
patients and their randomly selected matched clsntro

Supplementary Table 2: Results of case—control emisgns of detectable HCV RNA
patients and their randomly selected matched clsntro

Figure legends:

Figure 1. Flow shart of the study: 32,249 KTR were entered into the Cristal datab8%e;
who were < 18 years old were excluded from theystédtotal of 31,433 adult KTR were
included.

Figure 2a. Ten-year patient survival in HCV, HBVdanon-infected KTR were estimated
using the Kaplan-Meier method.

Figure 2b. Ten-year graft survival in HCV, HBV andn-infected KTR were estimated using
the Kaplan-Meier method.

Figure 3a. Ten-year patient survival in HCV KTRlwitiral replication (detectable RNA) and
in their matching non-infected controls were estedausing the Kaplan-Meier method.
Figure 3b. Ten-year graft survival in HCV KTR witiral replication (detectable RNA) and
in their matching non-infected controls were estedausing the Kaplan-Meier method
Figure 4a. Ten-year patient survival in HCV KTR hatt viral replication (undetectable
RNA) and in their matching non-infected controlsrevestimated using the Kaplan-Meier
method.

Figure 4b. Ten-year graft survival in HCV KTR witltoviral replication (undetectable RNA)
and in their matching non-infected controls wetinggted using the Kaplan-Meier method
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Table 1. Clinical characteristics according to virological status

Virological status

Positive HBs Ag Positive anti-HCV Negative HBs Ag and P Value
negative anti-HCV

Number of patients 57¢ 106( 2979¢
Malesex, n (%) 420 (7:.0) 656 (6:.9) 18503 (6..1) <0.0001
Age of recipients, mean (SD), years 45.9 (11.8) 48.5 (11.3) 48.4 (13.7) <0.0001
Duration of dialysis, median (IQR), months 51.1(25.8t0 111.4) 78.8 (37.210 188.3) 27.0514 50.9) <0.0001
Duration of Cold ischemia, median (IQF), hour: 2C.0 (13t0 28 20.0 (149 to 2¢.5) 18.8 (124 to 247) <0.000:
Age of donors, mean (SD), years 44.3 (14.1) 44.4 (15.4) 45.2 (15.9) 0.13
Year of transplantation, median (IQR) 2001 (1996 to 2006) 2003 (1999 to 2007) 2004 (19907) <0.0001

Underlying nephropathy, n (%)

Chronic glomerulonephritis

Chronic interstitial nephropathy

Genetic or congenital

Undetermined and miscellaneous catises
Diabetes

160 (27.8%)
40 (7%)

97 (16.9%)
255 (44.3%)
23 (4%)

291 (27.4%)
121 (11.4%)
185 (17.5%)
390 (36.8%)
73 (6.9%)

8079 (27.1%)
2947 (9.9%)
5897 (19.8%)
10865 (36.5%)
2010 (6.7%)

Values are number (%) unless otherwise indicated.
%including mainly hypertensive nephropathy in adudiitothers causes.
Abbreviations: IQR=Interquartile range



Table 2. Multivariate Analysis of Factors Associated with 10-year patient mortality in overall cohort

Univariate analysis Multivariate analysis’

Factors HR (95%Cl) P Value HR (95%CI P Value
Malesex, n (%) 1.21 (1.12to0 1.29) <(0.0001 1.20 (111 to 1.29) <0.0001
Age of recipients (per 10 years increase) 1.74 (1.69 to 1.79) <0.0001 1.67 (1.61to 1.74) <0.0001
Duration of dialysis (per 1 SD log increase) 1.27 (1.22 t0 1.31) <0.0001 1.26 (1.21to0 1.31) <0.0001
Viral status, n (%) <0.0001 0.000%

Non infected 1.00 (ref.. - 1.00 (ref.. -

Ag HBspositive 1.06 (0.84 t0 1.33) 0.62 1.00 (0.78 to 1.27) 1.00

Anti-HCV-positive antibodies 1.69 (1.46 to 1.95) <0.0001 1.38(1.17 to 1.63) <0.0001
Age of donors (per 10 years increase) 1.33 (1.29 to 1.36) <0.0001 1.11 (1.07 to 1.14) <0.0001
Duration of cold ischemia (per 1 SD log increas 1.20 (1.15to0 1.25) <0.0001 1.07 (1.01to 1.14) 0.00¢
Year of transplantation (per 5-year increase) 1.07 (1.03t0 1.11) <0.0001 0.90 (0.85 to 0.94) .0801

2 calculated from a multivariable cox’s regressiondel on the basis of the 26276 patients with nogsing data.
Abbreviations: Cl=confidence interval, HR=hazartiocaSD=standard deviation



Table 3. Multivariate analysis of factor s associated with 10-year graft failurein overall cohort

Univariate analysis

Multivariate analysis’

Factors HR (95%Cl) P Value HR (95%CI P Value
Male sex, n (%) 1.05 (1.00 to 1.10) 0.03C 1.06 (1.00 to 1.11) 0.024
Age of recipients (per 1(-year increas: <0.0007 <0.0001°
Linear term 1.85 (1.67 to 2.04) <0.0001 1.82 (1.63-2.04) <0.0001
Quadratic term 1.08 (1.07 to 1.10) <0.0001 1.07 (1.06 to 1.09) <0.0001
Duration of Dialysis (per 1 SD log increas 1.18 (1.15t0 .21) <0.0001 1.17 (1.14 to 1.20) <0.0001
Viral Status, n (%) <0.0001 <0.0001
Non infected 1.00 (ref.) - 1.00 (ref.) -
Ag HBspositive 1.03 ((.88 to 1.20) 0.68 0.93 (.79 t01.10) 0.38
Anti-HCV-positive antibodies 1.49 (1.34 to 1.65) <0.0001 1.30 (1.16 to 145) <0.0001
Age of donors (per 10 years increase) <0.0001° <0.0001°
Linear term 1.15 (1.07 to 1.23) <0.0001 1.02 (0.94 to 1.10) 0.66
Quadratic terr 1.04 (1.02 to 1.05) <0.0001 1.02 (1.01 to .03) <0.0001
Duration of cold ischemia (per 1 SD log increas 1.19 (1.15t0 1.22) <0.0001 1.13 (1.09 to 1.17) <0.0001
Year of transplantation (per 5-year increase) 1.01 (0.98 to 1.03) 0.42 0.91 (0.88 to 0.94) <0100

& calculated from a multivariable cox’s regressiondel on the basis of the 26276 patients with nossing data.
® global effect including the linear and quadragions
Abbreviations: Cl=confidence interval; HR=hazartioaSD=standard deviation
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Figure 1: Flow chart of the study
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Random selection of 191 medical Random selection of 504 medical
records of HBV KR records of HCV KR
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441 HCV KR with available

167 HBV KR with available
virological data (86.3 %)

virological data (87.4 %)

.

. . Case Control Study 155 (35 %) with 286 (64.9 %) Case Control Study
157 HBV KR with 10 HBV KR with
138 HCV (RNA-) KR l4— undetectable detectable —> 263 HCV (RNA+) KR
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* research assistants visited the centers of selected recipients to analyze recipients’ medical records
** Controls from the 29797 non-infected RT patients were matched on gender, age of recipients, duration of dialysis, duration of cold ischemia, year of transplantation
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Figure 2a: 10-Year patient survival according to Virological status
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Figure 2b: 10-Year graft survival according to Virological status
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Figure 3a: 10-Year patient survival of HCV RNA patients with detectable RNA and
their matched non-infected controls Figure 3b: 10-Year graft survival of HCV RNA patients with detectable RNA and their
matched non-infected controls
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Figure 4a: 10-Year patient survival of HCV RNA patients with undetectable RNA and Figure 4b: 10-Year graft survival of HCV RNA patients with undetectable RNA and
their matched non-infected controls
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