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Summary
Background: Hepatitis B virus (HBV)- and hepatitis C
virus (HCV)-associated liver cirrhosis is a major indica-
tion for liver transplantation. This concise review gives
an overview about current interferon (IFN)-free treat-
ment options before and after liver transplantation in
HBV- or HCV-associated liver disease. Methods: A Pub-
Med database search using the terms hepatitis B, hepati-
tis C, cirrhosis, and liver transplantation was performed
to identify significant clinical studies as well as national
and international guidelines. Results: Studies investigat-
ing IFN-free treatment in patients with decompensated
HBV as well as in HCV-associated cirrhosis are scarce.
Hepatic recompensation during antiviral therapy seems
more frequent in patients with HBV than in those with
HCV-associated cirrhosis. Graft hepatitis B or C is charac-
terized by an accelerated and unfavorable course. Graft
infection prophylaxis is safe and efficacious in HBV-re-
lated liver transplantation. Eradication of HCV prior to
liver transplantation prevents HCV graft infection, and
IFN-free treatment of established HCV graft infection is
safe and associated with high sustained virologic re-
sponse rates. Conclusion: Patients with HBV-associated
cirrhosis should be treated prior to liver transplantation,
and receive a continuing graft infection prophylaxis
thereafter. Patients with HCV-associated decompensated
cirrhosis may be considered as candidates for antiviral
therapy prior to liver transplantation or may be treated
subsequently.

© 2016 S. Karger GmbH, Freiburg

Introduction

The worldwide prevalence of hepatitis B virus (HBV) and hepa-
titis C virus (HCV) infection is estimated to 350-400 million people
and 130-170 million people, respectively [1-5]. Liver failure due to
acute or chronic hepatitis B or C as well as development of early
hepatocellular carcinoma (HCC) in (advanced) HBV- or HCV-re-
lated liver disease are important indications for liver transplanta-
tion in the Eurotransplant (ET) and United Network for Organ
Sharing (UNOS) regions as well as in Northeast Asia [6-8].

Goals for antiviral therapy before and after liver transplantation
can be (i) improvement of liver function to avoid liver transplanta-
tion, (ii) stabilization of liver function to reduce waitlist mortality,
(iii) risk reduction of virus graft infection, and (iv) treatment of
established graft infection after liver transplantation [9-12]. The
use of (pegylated (PEG)) interferon (IFN)-alfa is generally not rec-
ommended in patients with hepatitis B(/D)- or hepatitis C-associ-
ated decompensated cirrhosis because of the risk of hepatic decom-
pensation. After liver transplantation, IFN-alfa-associated plasma
cell hepatitis is a major concern [9-12]. Therefore, this article is
limited to IFN-free treatment options in these patient cohorts.

Antiviral Therapy in HBV-Associated Liver Cirrhosis
and Liver Transplantation

Liver failure due to fulminant or chronic hepatitis B or B/D ac-
counts for approximately 5% of liver transplantations in the ET
and UNOS regions [13, 14]. In the era before the introduction of
effective (immune-)prophylaxis for HBV graft infection and treat-
ment with nucleos(t)ide analogues of patients with established
HBYV graft infection, the prognosis of HBV-related liver transplan-
tation was poor due to an accelerated course of HBV graft infection
including fulminant hepatitis and fibrosing cholestatic hepatitis
[15]. Today, liver transplantation due to chronic hepatitis B can
often be prevented and prognosis after liver transplantation is
markedly improved [9, 10, 15, 16].
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Treatment of Patients with HBV-Associated Liver Cirrhosis

Pre-Transplant

Antiviral treatment of patients with HBV-related cirrhosis is as-
sociated with risk reduction of hepatic decompensation and HCC
development [17, 18]. Furthermore, enduring suppression of viral
replication is associated with improved survival in patients with
HBV-associated cirrhosis [19]. Therefore, antiviral treatment with
a nucleos(t)ide analogue is reccommended in all patients with HBV-
associated cirrhosis and detectable HBV DNA [9, 10]. Hepatic
function may improve even in patients with decompensated HBV-
related cirrhosis, and in patients listed for liver transplantation im-
provement of liver function may allow avoiding liver transplanta-
tion in the end [10]. The nucleos(t)ide analogues lamivudine, ente-
cavir, telbivudine, adefovir, and tenofovir have been approved by
the European Medicines Agency (EMA) and the Food and Drug
Administration (FDA) for the treatment of chronic hepatitis B.
Inter alia, these agents differ with respect to antiviral efficacy and
barrier to resistance [10]. This is of special importance in the set-
ting of (decompensated) cirrhosis, as development of drug resist-
ance may be associated with clinical complications and increased
mortality in these patients [18, 19]. Despite an overall favorable
safety profile, concerns remain that development of lactic acidosis
in patients with decompensated cirrhosis may be a class effect of
nucleos(t)ide analogues [10]. Current data indicate that entecavir
and tenofovir have a good safety profile even in patients with de-
compensated cirrhosis [20-22]. However, an adequate number of
patients with decompensated cirrhosis and a model of end stage
liver disease (MELD) score > 22 was not included in the respective
trials; thus, all nucleos(t)ide analogues including entecavir and ten-
ofovir should be administered with caution to patients with de-
compensated cirrhosis and a MELD score > 22 [10, 20-22]. Fur-
thermore, all nucleos(t)ide analogues must be adjusted to renal
function [10]. A considerable advantage of entecavir and tenofovir
among the nucleos(t)ide analogues is their high barrier to resist-
ance [23-27]. Moreover, both agents have a high antiviral potency
that results in a rapid decline of viral load. This is of advantage in
patients who are waiting for a liver transplant since a higher viral
load at the time point of transplantation is associated with an in-
creased risk of HBV graft infection [10, 15]. The selection of either
of the both agents should consider prior antiviral therapies and re-
sistance-associated mutations. Because of partial overlapping re-
sistance, entecavir is not the first choice in patients with lamivu-
dine resistance [10]. Once established, antiviral therapy must not
be interrupted or stopped because of the risk of liver failure [10].
Sufficient suppression of viral replication is associated with a re-
duced risk of HBV graft infection. Thus, all patients with detecta-
ble HBV DNA waiting for a liver transplant should be treated with
a nucleos(t)ide analogue [10, 15]. In patients with hepatitis B/D-
related (decompensated) cirrhosis, the treatment options are
mostly limited to antiviral treatment of HBV.

Current Strategies for HBV Graft Infection Prophylaxis
HBV graft infection, defined by detectable hepatitis B surface
antigen (HBsAg), occurs in 61-89% of patients without graft infec-
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Table 1. Risk factors for HBV graft infection after liver transplantation (mod-
ified from [33])

YMDD mutation / prior treatment with lamivudine®
High replicative hepatitis B (high viral load, hepatitis B envelope antigen positive)
Hepatitis B genotype C infection

2Should not be of importance when e.g. tenofovir is used in HBV graft
infection prophylaxis.

tion prophylaxis, depending on pre-transplant viral load and type
of liver disease (i.e. acute vs. chronic), whereas patients with fulmi-
nant hepatitis B or hepatitis delta virus superinfection have a lower
risk of HBV graft infection (table 1) [28, 29]. After the introduction
of hepatitis B surface immunoglobulin alone and subsequently in
combination with lamivudine as graft infection prophylaxis, the
HBYV graft infection rate was reduced below 5% [30]. Combination
therapy with hepatitis B surface immunoglobulin and a nucleos(t)-
ide analogue was found more effective than monotherapy (either
immunoglobulin or lamivudine/adefovir) [31]. Although several
studies have been performed to identify patients in whom HBV
graft infection prophylaxis may be completely stopped or reduced,
indefinite continuation of combined prophylaxis with immuno-
globulin and a nucleos(t)ide analogue remains recommended [10,
32, 33]. Hepatitis Bimmunoglobulin can be administered subcuta-
neously, intramuscularly, or intravenously. The application interval
should be adjusted to ensure an anti-hepatitis B surface antibody
titre > 100 mIE/ml [10]. The combination nucleos(t)ide analogue
partner for HBV graft infection prophylaxis should be chosen with
respect to putative resistance-associated mutations and antiviral
therapy prior to transplantation. In the long term, however, an in-
definite mono-prophylaxis with a potent nucleos(t)ide analogue
with a high barrier to resistance (e.g. entecavir, tenofovir) may be
considered [10, 34]. Finally, active immunization against HBsAg
may be an option in selected patients [10, 35].

Treatment of Established HBV Graft Infection

If HBsAg stays detectable longer than 14 days after transplanta-
tion or becomes detectable after transient absence, HBV graft in-
fection prophylaxis has failed. Unlimited antiviral therapy with a
nucleos(t)ide analogue should be initiated immediately. Significant
drug-drug interactions with immunosuppressive agents have not
been reported, but again, dosing must be adjusted to renal function
[9, 10].

Antiviral Therapy in HCV-Associated Liver Cirrhosis
and HCV Liver Graft Infection

Chronic hepatitis C-associated liver disease accounts for 13-
25% of liver transplantations in the ET and UNOS regions [13, 36].
The leading indications for liver transplantation are functional
liver failure and early HCC in patients with compensated cirrhosis
[37]. This article focuses on the antiviral treatment of patients with
decompensated cirrhosis.
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Table 2. Efficacy

of (PEG)IFN-free Author Therapy regime Treatment Genotype® n (all) n (MELD SVRy, (all), n SVR,,
. . duration, > 16) (MELD >

antiviral therapy in

patients with HCV- weeks 16),n
associated decompen- Charlton M, etal. [39]>  LDV/SOF +RBV  12-24 1,4 1084 27 89/108 (82%) ns

sated cirrhosis in Curry MP, et al. [40] SOF/VELS+RBV  12-24 1,2,3,46 267 12 234/267 (88%)  ns
controlled, prospective  yr 6 M, et al, [43]° LDV/SOF/RBV 12 1,4 140 41 121/ 140 (86%)  ns

trials Poordad F,etal [42]>  LDV/SOF +RBV 12 (-24) 1,2,3,46 604 13 50/60 (83%) ns

*Most studies investigated mainly genotype 1.

bPreliminary results with regard to publication status or completed SVR .

‘Until November 2015, VEL has not been not approved by the EMA or FDA yet.

dThe complete study included patients prior to and after liver transplantation.

DCV = Daclatasvir; LDV = ledipasvir; RBV = ribavirin; SMV = simeprevir; SOF = sofosbuvir; VEL = velpatasvir; ns = not specified.

Treatment of Patients with HCV-Associated Decompensated

Cirrhosis Pre-Transplant

Prospective, randomized studies investigating (PEG-)IFN-free
treatment which enrolled a significant number of patients with de-
compensated cirrhosis (Child-Pugh (CP) score > 8 MELD score >
16) are scarce, and safety as well as efficacy data are only available
in individual cases for patients with a MELD score > 22 (table 2)
[38-45]. In the ALLY-1 study, which enrolled patients with ad-
vanced cirrhosis and patients after liver transplantation, sustained
virologic response (SVR) was achieved in 11/12 (92%), 30/32
(94%), and 9/16 (56%) patients with CP class A, B, and C cirrhosis,
respectively [42]. The chance of achieving SVR seems therefore in-
versely correlated with liver function in patients with advanced cir-
rhosis prior to liver transplantation, although data are inconsistent
in different studies [38-43]. Reliable predictive markers to estimate
SVR or the clinical course during and after IFN-free therapy have
not yet been identified in patients with decompensated HCV-asso-
ciated cirrhosis. Moreover, SVR does not mean cure from cirrho-
sis. Published studies show that an improvement in CP or MELD
score was only observed in a proportion of patients, while liver
function remained unchanged or even worsened in a significant
number of patients despite SVR [39-43].

The limited data in patients with decompensated cirrhosis pre-
cludes detailed recommendations for the treatment of different
genotypes, the treatment duration (12 vs. 24 weeks), or the impor-
tance of ribavirin (RBV). Nevertheless, safety issues narrow treat-
ment options. Up to November 2015, daclatasvir (DCV), dasabuvir
(DSV), ledipasvir (LDV)/sofosbuvir (SOF), simeprevir (SMV),
SOF, ombitasvir (OMV), and paritaprevir/ritonavir (PTV/r) have
been approved by the EMA and the FDA in different combinations
with or without RBV as partners in (PEG-)IFN-free antiviral ther-
apy regimens, but only DCV/SOF, LDV/SOF, and SOF with or
without RBV have been approved for patients with decompensated
cirrhosis. The combination of SOF with RBV instead of LDV/SOF
with RBV is generally not recommended due to lower efficacy [11].
(Interim) analyses of the prospective phase III study ALLY-1 and
compassionate use programs indicate that the use of DCV is safe in
patients with advanced cirrhosis [42, 44, 45]. In contrast, the safety
of SMV in patients with decompensated cirrhosis has not been
conclusively evaluated [46-51]. Recently, a safety warning by the

Pre- and Post-Transplant Antiviral Therapy

FDA resulted in a contraindication for DSV in combination with
OMV and PTV/r in patients with liver cirrhosis CP > B [52].
Therefore, only SOF plus RBV, and DCV/SOF as well as LDV/SOF
alone or in combination with RBV are approved treatment options
in patients with decompensated cirrhosis, while comprehensive
safety data of SMV in patients with decompensated cirrhosis are
still pending [38-41].

It seems reasonable that the decision whether antiviral therapy
in patients with decompensated cirrhosis with a moderate (16-22)
or high (222) MELD score may be initiated prior to or after liver
transplantation should be based on the distinct clinical situation
and the availability and waiting time for organs. Of note, SVR is
associated with an improvement of portal hypertension [53-56],
and even delisting from the liver transplant waitlist may be possible
in some cases [57, 58].

Individual reasons favoring antiviral therapy prior to liver
transplantation may be the stabilization of liver function to reduce
waiting time mortality or enable antitumor therapy in patients
with concomitant early HCC, and lastly the prevention of HCV
graft infection [59]. Reasons against antiviral therapy prior to
transplantation may be the improvement of laboratory values and
consecutively improvement in MELD score despite continued clin-
ical need for transplantation, and the reduced efficacy of antiviral
therapy in patients with decompensated cirrhosis with the putative
risk of selection of resistance-associated variants.

Treatment of Established HCV Graft Infection

Graft infection is nearly unavoidable in patients with detectable
HCV RNA at transplantation. The natural course of hepatitis C
after liver transplantation is often severe with a high risk of pro-
gression to graft cirrhosis within a few years [60]. Although (PEG-)
IFN-based antiviral therapy is associated with enhanced survival in
patients with HCV liver graft infection, overall SVR rates are disap-
pointing and severe adverse events are common [61-64].

Meanwhile, controlled, prospective studies investigating (PEG-)
IFN-free treatment in patients with HCV graft infection have been
published, showing consistently good tolerability and high SVR
rates (table 3) [42, 43, 65-69]. In an open multicenter study of HCV
graft infection in a real-world setting, SVR 12 weeks after the end of
treatment was achieved in 133/151 (88%) patients receiving a SMV/
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Table 3. Efficacy

of (PEG-)IFN-free Author Therapy regime Treatfnent Genotype® n SVRp n

antiviral therapy in duration,

patients with HCV weeks

liver graft infection in Charlton M, et al. [39] LDV/RBV + RBV 12-24 1,4 229 214/229 (93%)

controlled, prospective  charton M, et al. [68] SOF + RBYV 24 1,3,4 40 28/40 (70%)

trials Kwo PY, et al. [67] DSV + OMV/PTV/r + RBV 24 1 34 33/34(97%)
Manns M, et al. [43]¢ LDV/SOF +RBV 12 or 24 1,4 168¢ 146/151 (97%)°¢
Poordad F, et al. [42]¢ DCV/SOF + RBV 12 1,2,3,4,6 53b 50/53 (94%)
Pungpapong S, et al. [69]¢ SMV + SOF + RBV 12 1 123¢ 94/105 (90%)°

*Most studies investigated mainly genotype 1.

The complete study included patients prior to and after liver transplantation. 9 of 229 patients summarized here had graft cirrhosis

and a MELD score > 15.

‘Preliminary results with regard to publication status or completed SVR;, (SVR not available in all patients enrolled into the study).
DCV = Daclatasvir; LDV = ledipasvir; RBV = ribavirin; SMV = simeprevir; SOF = sofosbuvir.

SOF-based antiviral therapy regime with and without RBV [70].
With respect to the good tolerability and high SVR rates, all patients
with HCV graft infection should be offered a (PEG-)IFN-free treat-
ment regimen [11, 42, 43, 65-69]. Specific contraindications of
given treatment regimens (e.g. profoundly impaired renal function,
comedication) must be paid regard to. Drug-drug interactions of
direct-acting antiviral agents and immunosuppressive agents must
be considered [67]. In patients with (decompensated) HCV graft
cirrhosis, antiviral treatment may be the sole chance to improve pa-
tient and graft survival, and should be strongly considered despite
the lack of profound data. In all patients with graft cirrhosis, HCC

continuing graft infection prophylaxis after transplantation. Pa-
tients with HCV-associated cirrhosis and a MELD score < 16 may
be considered candidates for a (PEG-)IFN-free antiviral treatment
regimen. In patients with a MELD score > 16 and especially > 22,
the decision whether antiviral therapy should be initiated before or
after transplantation must be based on individual severity of liver
disease, the indication for liver transplantation, comorbidities, the
chance of SVR with respect to genotype and potential prior antivi-
ral therapies, and the presumed remaining waiting time for graft
allocation. Patients with established HCV graft infection should be
offered (PEG-)IFN-free antiviral treatment.

surveillance remains mandatory after HCV eradication.

—_

Conclusion

Patients with HBV-associated cirrhosis should be treated with a
nucleos(t)ide analogue prior to liver transplantation, and receive a
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