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Abstract Recurrent hepatitis C virus (HCV) infection after orthotopic liver transplanta-

tion (OLT) has been associated with progression to cirrhosis in =20% of patients,
5 years postoperatively. Accelerated decompensation has also been noted when
compared with cirrhosis in non-transplant patients. Different treatment strategies
are available for recurrent HCV infection post-OLT, but efforts are hindered by
the modest response rates, poor tolerability and the risk of rejection as well as
graft loss.

Anti-HCV immunoglobulin therapy to prevent graft infection with HCV has
no established role at present but studies are ongoing. Treatment prior to trans-
plantation in patients with decompensated cirrhosis has been evaluated but the
results are too preliminary to make firm recommendations. Prophylactic interfer-
on-based antiviral therapy in the early postoperative period to prevent graft
infection was shown to have low response rates and high rates of adverse effects.
Treatment of established recurrent HCV infection with combination peginterferon
(pegylated interferon) and ribavirin is associated with 10-59% sustained virologi-
cal response and the predictive value of a positive early virological response has
been validated in the post-transplant setting. Improvement in inflammatory activi-
ty after viral eradication is well established, but fibrosis regression or stabilisation
is less predictable and factors such as rejection and biliary complications may still
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contribute to graft loss. Most studies have initiated therapy at least 6 months
postoperatively in order to optimise patient tolerance and enable the addition of
ribavirin. The use of adjuvant agents to treat drug-induced neutropenia and
anaemia in this population is evolving and becoming a crucial part of therapy.
Determination of optimal doses of both pegylated interferon and ribavirin, and
guidance on when to stop treatment, as well as improving tolerability are impor-
tant steps in achieving higher response rates and minimising drug toxicity.

Hepatitis C virus (HCV) infection-related end-
stage liver disease is the leading indication for
orthotopic liver transplantation (OLT).!"! Unfortu-
nately, recurrent HCV infection post-OLT is univer-
sal and has been associated with decreased long-
term graft and patient survival compared with other
causes of liver disease.’?! Therefore, antiviral ther-
apy for recurrent HCV infection has become a major
issue facing transplant centres with a growing num-
ber of recipients developing HCV infection-related
allograft fibrosis. Several studies have explored fac-
tors that could potentially contribute to the poor
outcome of recurrent HCV infection. The degree of
immunosuppression used to prevent rejection ap-
pears to be important. The use of corticosteroid
boluses to treat rejection and the use of muromonab
CD3 (OKT-3) as an induction agent, have been
shown to be deleterious in the presence of recurrent
HCV infection and most centres have abandoned
these approaches. A better understanding is needed
of the mechanisms leading to progressive disease in
certain subgroups of recipients, and to differentiate
them from the 30% of patients who continue to have
stage O fibrosis after 5 years of follow-up post-
OLT.®

The efficacy of antiviral therapy for recurrent
HCV infection post-OLT is measured not only by
viral eradication but also by allograft preservation.
Secondary endpoints such as viral suppression, halt-
ing fibrosis progression, aminotransferase normal-
isation, and the adverse-effect profile of therapy are
also of great importance in these patients. Three
main approaches have been evaluated by several
groups to manage recurrent HCV infection post-
OLT. Antiviral therapy has been investigated in (i)
patients with decompensated cirrhosis with HCV
infection being considered for OLT; (ii) pre-emp-

© 2007 Adis Data Information BV. All rights reserved.

tively in the early post-OLT period before graft
reinfection is well established; and (iii) in those with
recurrent HCV infection with ongoing graft damage
necessitating therapy in order to halt progressive
fibrosis. This article summarises the current litera-
ture addressing issues related to different therapies
of recurrent HCV infection both before and after
OLT for HCV infection-related cirrhosis.

1. Natural History of Recurrent Hepatitis
C Virus (HCV) Infection Post-Orthotopic
Liver Transplantation (OLT)

As early as the first week postoperatively, the
HCV RNA level increases =10- to 20-fold and
plateaus at 1 month, infecting the allograft in virtual-
ly all patients, with higher levels noted in those with
more severe recurrent hepatitis.*#1 The clinical
course and necro-inflammatory activity varies after
transplant with 2-5% of patients developing severe
cholestatic hepatitis, leading to early graft failure,
and =20-25% showing progressive fibrosis leading
to cirrhosis after 5 years.[>!% On the other hand,
approximately 30% of patients continue to have
fibrosis stage 0 after 5 years of follow-up.?! Studies
have shown that high pre-transplant viral load, re-
peated intravenous corticosteroid boluses, older do-
nor age, graft steatosis and heavier initial immu-
nosuppression were associated with poor histologi-
cal or graft outcome.!'%-14 Furthermore, severe and
early histological recurrence as well as severe bio-
chemical abnormalities at the onset of hepatitis have
been found to correlate with poor outcome.l'%!31 The
impact of HCV genotype on outcome remains un-
clear with some but not all studies demonstrating
genotype 1 to be associated with worse outcome
compared with non-1 genotype.™ Finally, the post-
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OLT level of viraemia has not been shown to be
associated with genotype 1.1

1.1 Tacrolimus versus
Ciclosporin-Based Immunosuppression

Although immunosuppression level appears to be
a contributing factor for this course when compared
with the course of HCV infection in non-transplant
patients, no particular immunosuppressive regimen
has been found to be superior in reducing the accel-
erated course of HCV progression post-OLT.!'71 Al-
though ciclosporin (cyclosporin) has been shown to
have an in vitro suppressive effect on HCV replica-
tion, when a ciclosporin-based regimen was com-
pared with a tacrolimus-based regimen, they both
had comparable severity of recurrent HCV infec-
tion.'81 On the other hand, Firpi et al.'”! reported
recently in a retrospective analysis of patients who
received interferon-based antiviral therapy for re-
current HCV infection that patients who received
ciclosporin-based immunosuppression achieved a
higher sustained virological response (SVR) than
those who received a tacrolimus-based regimen
(46% vs 27%; p = 0.03). This study also showed that
ciclosporin inhibited HCV replication in vitro and
the combination of ciclosporin and interferon had
additive effects on in vitro viral suppression. When
compared with tacrolimus, ciclosporin was associat-
ed with a lower relapse rate in one study,?” but both
agents had comparable therapeutic outcomes in an-
other trial.?" Thus, while there may be modest anti-
viral effect of ciclosporin on HCV RNA levels, the
use of ciclosporin has not consistently lead to im-
proved outcomes with anti-viral therapy when com-
pared with tacrolimus.

1.2 The Role of Corticosteroids in Recurrent
HCV Infection

Several studies have evaluated the safety and the
efficacy of a corticosteroid-free immunosuppression
and its impact on recurrent HCV infection in the
allograft.??-?81 These studies utilised different induc-
tion and maintenance immunosuppressive proto-
cols, but all demonstrated that corticosteroid-free
regimens were safely used and effective. One study
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found early metabolic complications including dia-
betes mellitus, hyperlipidaemia and hypertension to
be significantly less frequent in the corticosteroid-
free regimen.!? Corticosteroid-free regimens had a
comparable severity of recurrent HCV infection
compared with regimens using corticosteroids in
some studies,/?>25271 while two studies showed a
trend to lower severity of recurrent HCV infec-
tion.?2281 Furthermore, the report by Margarit et
al.”%! demonstrated a significantly lower rate of
cirrhosis development at 3 years in the corticoste-
roid-free group that received tacrolimus only com-
pared with the tacrolimus plus corticosteroid group
(9% vs 45%; p = 0.04). Patient survival at 1, 3 and 5
years was 92%, 92% and 73%, respectively, for
tacrolimus and 78%, 61% and 51%, respectively, for
tacrolimus plus corticosteroid (p = 0.07). Other stud-
ies provided follow-up data for just 2 years, which
may have contributed to the lack of survival advan-
tage of corticosteroid-free regimens in patients with
recurrent HCV infection.

1.8 Other Immunosuppressive Agents

Multiple corticosteroid boluses and the use of
muromonab-CD3 to treat rejection have been asso-
ciated with severe recurrent HCV infection and graft
loss, respectively.[?’! Induction therapy with anti-
interleukin-2 antibodies did not demonstrate addi-
tional benefits in recipients with recurrent HCV
infection and its role in liver transplantation is yet to
be fully defined.?%-3%) Conflicting data have been
reported on the addition of mycophenolate mofetil
(MMF), an inosine monophosphate dehydrogenase
(IMPDH) inhibitor, to calcineurin inhibitors. No
significant difference in HCV infection recurrence
and outcomes was found in two randomised tri-
als,33 while MMF use was associated with in-
creased risk of fibrosis progression in a third study
that evaluated data from four transplant centres.[>!
The Scientific Registry of Transplant Recipients
database analysis showed that the addition of MMF
to a tacrolimus-based regimen was associated with
improved post-OLT 4-year survival in patients with
and without HCV infection.[? Thus, at this time, the
preponderance of data suggests that the addition of
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MMF to calcineurin inhibitor therapy is associated
with outcomes not different from immunosuppres-
sive regimens not including MMF.

The use of sirolimus in liver transplant recipients
has been mainly limited to rescue therapy from
calcineurin inhibitor-induced renal toxicity with no
data to evaluate its role in recurrent HCV infection
post-OLT, although this is currently under investi-
gation.

1.4 HCV Infection After Live Donor
Liver Transplantation

Preliminary data suggest that the histological
progression of recurrent HCV infection in live donor
liver transplantation (LDLT) appears to be compara-
ble with HCV infection in recipients of deceased
donors.?7-381 Earlier studies demonstrated a higher
probability of severe HCV infection recurrence,
the development of cirrhosis, the occurrence of
cholestatic hepatitis and lower graft survival in
LDLT,®#! although more recent studies have
shown no significant differences between the two
modalities.[4>-44

2. Liver Biopsy Interpretation in Subjects
with Recurrent HCV Infection

Histological changes noted on liver biopsy due to
recurrent HCV infection are variable. Approximate-
ly two-thirds of patients develop mild acute hepatitis
manifested by the presence of prominent lobular
inflammation, focal necrosis, acidophilic bodies and
macrovesicular steatosis. This is usually followed
by chronic hepatitis manifested by lymphoid aggre-
gates in portal tracts, interlobular bile duct damage,
macrovesicular steatosis and lobular infiltrates with
apoptotic bodies.[*-48! Steatosis has been reported as
a specific sign or even the sole manifestation of
recurrent HCV infection in the allograft.[*>>% The
role of liver biopsy in patients with recurrent HCV
infection post-OLT to identify acute cellular rejec-
tion is hampered by the overlapping features such as
chronic portal inflammation, ducal damage,
apoptosis and even endothelialitis, which can be
seen in both acute cellular rejection and recurrent
HCV infection.#347>1-31 The histopathological dif-

© 2007 Adis Data Information BV. All rights reserved.

ferentiation of recurrent HCV infection from acute
cellular rejection had relatively low interobserver
and intraobserver agreement rates and showed low
reliability; thus biopsies should typically be re-
viewed in a multidisciplinary approach.’* Addi-
tional clinical tools are required to differentiate re-
current HCV infection from acute cellular rejection.
Furthermore, clinical rather than histological param-
eters were found to more accurately predict outcome
in recipients developing cholestasis thought to be
due to either acute cellular rejection or cholestatic
hepatitis HCV infection.® Criteria adopted by the
International Liver Transplantation Society Expert
Panel to define cholestatic hepatitis include the fol-
lowing:

1. abnormal liver chemistries >1 month post-OLT
(usually <6 months);

2. hyperbilirubinaemia >6 mg/dL;

3. serum alkaline phosphatase and y-glutanyl trans-
ferase >5 times the upper limits of normal;

4. characteristic histological state with ballooning
changes in hepatocytes mainly in the perivenular
zone, minimal inflammatory infiltration, bile duct
proliferation without loss;

5. very high levels of HCV RNA;

6. absence of biliary complications or hepatic artery
thrombosis. ¢!

A liver biopsy performed 1-year post-OLT has
been shown to help identify those with increased
risk of developing progressive disease, thus al-
lowing better targeting of antiviral therapy,’”! and
this is now routinely performed in many transplant
centres. Finally, annual liver biopsy is recommend-
ed in HCV-infected transplant recipients, given the
high prevalence of abnormal histological findings
and the progressive nature of the disease.’’! Measur-
ing hepatic elastometry is being explored in the
post-OLT setting and appears to be accurate in iden-
tifying those with advanced fibrosis.>8>°!

3. Management Options for Recurrent
HCYV Infection

Viral eradication is the ultimate goal of any strat-
egy to prevent allograft failure as a result of recur-
rent HCV infection. While several studies have
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questioned the overall benefits of antiviral therapy
on fibrosis progression, when intention to treat anal-
ysis was performed, anti-viral therapy appeared to
prevent histological progression of disease if viral
eradication is successful.[%%®!] Unfortunately, inter-
feron-based therapy, with its lower tolerability in
post-OLT patients, is the only available treatment
modality that can eradicate the virus either tempora-
rily or permanently. The use of maintenance therapy
with low-dose interferon in those who cannot toler-
ate full-dose therapy or for whom such treatment
failed has not been studied. Regardless of their
timing in relation to transplant, studies of most
interferon-based interventions have common fea-
tures including low tolerability, limited eligibility
and poor efficacy. This is further complicated by the
increased risk of acute and chronic rejection as well
as graft loss.[61-63]

In comparison with the significant benefits
gained from oral antiviral agents and hepatitis B
immunoglobulin (HBIg) for hepatitis B virus infec-
tion, there is an urgent need for agents that would
enable us to provide a similar approach in the man-
agement of HCV infection perioperatively, but this
has not been achieved so far. Utilising hepatitis C
immunoglobulin (HCIg) in a fashion similar to
HBIg has been evaluated recently in a randomised,
open-label study and found to be well tolerated but
serum HCV RNA levels were not suppressed in the
treatment group.[®*! Anti-HCV monoclonal antibod-
ies have demonstrated neutralising activity against
HCV viral particles in vitro, inhibited HCV infec-
tion of human liver fragments and have reduced the
mean viral load in HCV-positive animals.[® These
antibody therapies may have the potential of
preventing reinfection of the allograft after trans-
plantation.

3.1 Prophylactic Antiviral Therapy Prior
to OLT

There are six studies reporting experience with
interferon-based therapy in pre-transplant patients
aiming to prevent reinfection of the new graft.[66-71]
A randomised pilot study using three interferon-
o-2b regimens and ribavirin showed that five pa-
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tients (33%) became HCV RNA negative with ther-
apy and the two who were transplanted had re-
emergence of HCV RNA postoperatively. This
study was terminated because of 20 serious adverse
effects encountered in 87% of enrolled patients,
although this population had advanced cirrhosis
with a mean Child-Pugh score of 11.9 + 1.2.%0 The
largest study included 124 patients with an average
Child-Pugh-Turcotte (CPT) score of 7.4 £ 2.3 who
received a low-accelerating-dose regimen. The ini-
tial dose of interferon-o-2b was 1.5MU three times
a week, while ribavirin was initiated at 600 mg/day.
Peginterferon-a-2b was given at half the standard
dose during the retreatment of 15 patients (0.5 pg/
kg/week). Incremental adjustments were made eve-
ry 2 weeks to reach maximally tolerated or target
doses. An SVR of 24% was achieved and 12 of 15
patients who were HCV RNA-negative before OLT
remained HCV RNA-negative 26 months postoper-
atively. Twenty-two significant adverse effects were
seen in 15 patients with two complications associat-
ed with mortality thought to be related to antiviral
therapy.[®”) Another study evaluated the efficacy of
interferon-o-2b 3MU daily and ribavirin 800 mg/
day in 30 patients awaiting liver transplantation.
This study reported that of nine patients with unde-
tectable HCV RNA who underwent OLT, six re-
mained free of infection after a median follow-up of
46 weeks. Adverse effects were common and dose
reduction was necessary in 63% of patients but no
deaths were related to therapy.[%®! This study showed
that the positive and negative predictive values of =2
log decrease in HCV RNA at week 4 were 82% and
100%, respectively. Another study with a smaller
number of enrolled patients showed that one-third of
those who cleared HCV prior to OLT did not have
evidence of disease recurrence post-OLT. This

study used high-dose (SMU) interferon-o-2b daily.
170]

These studies suggest the possible applicability
of this approach, although it should be limited to
those with Child-Pugh class A or B cirrhosis, and
there is still a significant risk of adverse events.
Importantly, these studies did not include control
groups and no definite conclusions can be made
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about the association of therapy with an increased
risk of serious infections, which are common in
patients with decompensated cirrhosis. On the other
hand, cirrhotic patients receiving interferon and
ribavirin appear to be at increased risk of bone
marrow suppression and worsening of the already
marginal hepatic function while receiving antiviral
therapy. Peginterferon has been shown to be more
effective than regular interferon in non-cirrhotic pa-
tients with HCV infection, but there is limited expe-
rience on its use in those with decompensated cir-
rhosis.

In a study by Martinez-Bauer et al.,[®”) 50 HCV-
infected patients listed for OLT with expected time
for transplant <6 months, were treated with
peginterferon-o-2a and ribavirin until transplanta-
tion. This study reported a modest SVR of 28% with
notable rates of adverse effects including anaemia
(66%), neutropenia (20%), further decompensation
(32%) and infections (32%). There were two deaths
in this study and dose reductions were needed in
60% of patients. Predicting SVR in pre-transplant
patients receiving interferon-based antiviral therapy
was evaluated in two of the studies discussed in this
section. One study found non-1 genotype, Child-
Pugh class A (genotype 1 only), and ability to toler-
ate full dose and duration of treatment (p < 0.0001)
were predictors of SVR.I®7l Another study found
pre-treatment viral load to be significantly lower in
responders and a viral load decrease =2 logio at
week 4 of treatment to be the strongest predictor of
virological response.[®®)

On the basis of available data, prophylactic
antiviral therapy in this setting to prevent recurrent
HCYV infection post-OLT has a limited role and may
be associated with serious adverse events. Prophy-
lactic antiviral therapy should not be considered in
those with high model for end-stage liver disease
(MELD) or CPT scores.

3.2 Pre-Emptive Anfiviral Therapy

The pre-emptive antiviral therapy approach re-
quires the institution of interferon therapy prefera-
bly before the expected peak in HCV RNA is
reached and allograft infection with HCV is estab-
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lished, typically within the first 2—6 weeks postoper-
atively. Early studies evaluated interferon
monotherapy with modest results, while later the
addition of ribavirin provided some improvement in
response rates.

Sheiner et al.’?! compared 41 patients who re-
ceived no therapy with 30 patients who were given
interferon-o-2b 3MU subcutaneously three times a
week starting within 2 weeks after transplantation
and continuing, if tolerated, for at least 1 year. This
study reported a significant improvement in histo-
logical recurrent HCV infection rates at the end of
therapy (p = 0.017). Another study by Singh et al.l”3!
reported in the same year randomised 24 patients to
interferon-o-2b three times per week for 6 months
or no therapy. Histological recurrence rates were
comparable in both groups but recurrence was
delayed in the interferon group. Both studies report-
ed a high prevalence of adverse effects (30-50%).
Mazzaferro et al.’¥ reported better results when 36
patients received interferon-a-2b and ribavirin for
12 months achieving an SVR of 33%, while dose
reduction was needed in 47% of the cohort. This
study included 11 patients who were classified as
Child-Pugh class A with a small hepatocellular car-
cinoma at the time of OLT, and six (50%) of the
responders had genotype 2. It has been shown that
transplant recipients with lower pre-OLT MELD or
CPT scores are more likely to be eligible for therapy
and be able to achieve full therapeutic doses of the
antiviral medications.[”! Finally, a randomised,
multicentre trial of interferon-o-2b and ribavirin
versus placebo reported a lower SVR of 16% and
significant anaemia developing in 57% of pa-
tients.["6!

Pre-emptive post-OLT therapy with peginterfer-
on was associated with a modest response and a rate
of unwanted adverse effects that is comparable with
standard interferon, and more than the rate exper-
ienced in non-transplant patient with cirrhosis (table
I). Alarge US-based multicentre study evaluating
peginterferon-o-2a pre-emptive monotherapy re-
ported significantly lower HCV RNA levels and fa-
vourable histological changes on biopsies in the
treatment group,””’! which was associated with
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Table I. The main trials using pre-emptive therapy in 4-6 weeks post-orthotopic liver transplantation for recurrent hepatitis C virus infection

Study Antiviral regimen SVR Dose reduction Discontinue
(no. of patients) (no. of patients [%]) (no. of patients [%]) (no. of patients [%])
Sheiner et al.l” IFN (n = 30) 0 NA 10 [30]
No therapy (n = 41) 0 NA
Singh et al.l”3 IFN (n = 12) 0 6 [50] NA
No therapy (n = 12) 0
Mazzaferro et al.’4 IFN + RBV (n = 36) 12 [33] 17 [47] [0]
No therapy (NA) NA
Reddy et al.’® IFN + RBV (n = 21) [16] 10 [48] NA
Placebo (n = 11) [0]
Chalasani et al.l’’] PEG-IFN (n = 26) 2 [8] 11 [42] 8 [31]
No therapy (n = 28) [0] 9 [32]
Shergill et al.l”® IFN or PEG-IFN (n = 22) 1[4.5] 15 [68]2 18 [41]°
IFN or PEG-IFN with RBV (n = 22) 4 [18] 19 [86]2

a Patients unable to tolerate 80% of treatment dose for 80% of study duration.

b Data for both groups.

IFN = interferon; NA = data not available; PEG = pegylated; RBV = ribavirin; SVR = sustained virological response.

an SVR of 8%. Patients with a neutrophil count
<1500/uL, a platelet count of <75 000/uL and a
haemoglobin count <10 g/dL. were excluded from
this study. This study used peginterferon-o.-2a at a
fixed dose of 180ug weekly in the treatment arm and
the dose was reduced by 451g when required per
protocol because of adverse effects. Dose reduction
was required in 42% of patients because of adverse
effects (thrombocytopenia and/or neutropenia) and
dropout rates were 31% and 32%, respectively, in
the treatment and observation groups.

Another study randomised eligible recipients to
interferon-o-2b (or peginterferon-a-2b when it be-
came available) with or without ribavirin.[”” The
interferon dose was 1.5MU daily for the first 2
weeks, then increased to 3MU daily for weeks 3-8,
then dropped to 3MU three times a week or 1.5 g/kg
for peginterferon with a tapering to stop in the last 4
weeks. The dose of ribavirin was increased gradual-
ly from a starting dose of 400 mg/day. This study
showed an end-of-therapy and SVR of 13.6% and
9.1%, respectively. The combination therapy group
had higher response rates but the difference was not
statistically significant. Only 51 (41%) of 124 trans-
plant recipients were eligible for therapy and 15% of
patients were able to reach full-dose treatment. Dose
reduction and discontinuation were required in 85%
and 37% of subjects, respectively.
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Finally, a recent retrospective report has demon-
strated that pre-emptive therapy did not appear to
slow fibrosis progression.!”8!

On the basis of available data, no recommenda-
tions can be made about the use of pre-emptive
antiviral therapy in the post-OLT setting. These
studies indicate indirectly that this approach may be
best avoided in those with high MELD scores prior
to transplantation and those who have other
comorbid conditions postoperatively that would pre-
dict a high rate of intolerance to interferon-based
therapy.

3.3 Therapy of Established Recurrent
HCV Infection

Therapy for established recurrent HCV infection
in the allograft has been evaluated in at least 20
studies and many of them are reports on single-
centre experience still in abstract form. Therapy was
initiated in those with biochemically and histologi-
cally established recurrent disease, and in most re-
ports, at least 6 months postoperatively (table II).
This approach ensures recovery from surgery and
sequela of cirrhosis, optimum renal function, and
avoidance of therapy in patients who eventually
have mild histological recurrence with normal or
slightly elevated liver function tests. This approach
has not been compared with the pre-emptive treat-
ment nor has it been studied in large trials to evalu-
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Table Il. The main randomised trials reported on therapy for established recurrent hepatitis C virus infection post-orthotopic liver transplan-

tation
Study Antiviral regimen Responses Dose Adverse Discontinuation
(no. of patients) (%) reduction effects (%) of therapy or
(%) withdrawal (%)
Samuel et al.lB2la IFNo-2b + RBV (n = 28) SVR: 21 NA Anaemia: 25 43
No therapy (n = 24) EVR: 32 29
Dumortier et al.[® PEG-IFN + RBV (n = 20) SVR: 45 65 ACR: 25 20
Chalasani et al.l’’] PEG-IFN (n = 33) SVR: 12 59 30
No therapy (n = 32) 19
Ghalib et al.l®é12 PEG-IFNo-2b + RBV full dose SVR: 59 NA Death: 3 19
(n = 32 pts) SVR: 18 18
PEG-IFNo-2b + RBV low dose
(n=27)
Picciotto et al.[87] PEG-IFNo-2b + RBV (n = 61) SVR: 28 100 15
EVR: 34
Duvoux et al.lé"l PEG-IFNo-2a + RBV (n = 101) EVR: 61 ACR: 2
lacob et al.l®® PEG-IFNo-2b + RBV (n = 35) SVR: 22.8
NR: 42.8
Martini et al.[®% PEG-IFNo-2b + RBV (n = 86) SVR: 33 naive 93 ACR: 3 14
SVR: 17 NR Neutropenia: 14
Morenoplanas et al.l®  PEG-IFNo-2a + RBV (n = 30) SVR: 46.7 40 Infection/death: 6.7 36
EVR: 63
Casanovas-Taltavull et PEG-IFN + RBV (36 pts) SVR: 47 NA NA 25
a|_[90]
Berenguer et al.Pll IFN (n = 31)/PEG-IFN SVR: 33 57 ACR: 3 (chronic 6) 40% with
(n =36) + RBV EVR: 46 either drug
Petrolati et al."%12 PEG-IFNo-2a (n = 21) SVR: 33 33 ACR: 14 24
PEG-IFNo-2a + RBV (n = 21) EVR: 52 38 ACR: 9 28
SVR: 33
EVR: 57
Neumann et al.l5" PEG-IFNo-2b + RBV (n = 25) SVR: 36 Anaemia: 36
EVR: 68 Neutropenia: 68
Burra et al.l®? IFN 6MU 3 x wk for 3mo + RBV SVR: 20 27 NA 27
12mo (n = 55) EVR: 37
Biselli et al.%! PEG-IFNo-2b + RBV (n = 20) SVR: 45
EVR: 45
Mukherjeel®4 PEG-IFNo-2a + RBV (n = 32) SVR: 40.6 16
Bahra et al.l%! PEG-IFNo-2a + RBV (n = 60) SVR: 33 Anaemia: 38 8
EVR: 46.6 Neutropenia: 52
Lilly et al.lo¢l IFN/PEG-IFN + RBV (n = 100) SVR: 24 ACR: 7 4
EVR: 49

a Randomised.

ACR = acute cellular rejection; EVR = early viral response; IFN = interferon; NA = data not available; NR = nonresponders to prior therapy;
PEG = pegylated; RBV = ribavirin; SVR = sustained virological response.

ate its efficacy. As seen with the pre-emptive ap-
proach, therapy has been associated with significant
dose reductions and cessation of therapy. Patients
with compensated cirrhosis of the allograft were
excluded from two studies.[””-” One study reported
comparable SVR rates of 46% in those with or
without allograft cirrhosis, but discontinuation of
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therapy was significantly higher in those with cir-
rhosis. This study had a small sample size of 30
patients and reported two deaths due to biliary sepsis
while receiving therapy.®” Biopsies performed at
the end of therapy have consistently demonstrated
improvement in histological grading indices in sev-
eral studies,®'#? but the difference lessened upon
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further follow-up.”7321 The lack of fibrosis stage
improvement in these studies is probably related to
short-term follow-up and small sample size with low
SVR rates. Marked histological improvement has
been demonstrated after a mean follow-up of 3 years
in those who achieved SVR, although 20% devel-
oped worsening fibrosis despite viral clearance. 8384

Interferon monotherapy in earlier studies demon-
strated modest histological improvement and initial-
ly raised concerns for induction of interferon-in-
duced chronic rejection.[*?! Several studies have re-
ported on the experience of using combination
therapy of interferon and ribavirin, and the majority
of these studies were not randomised. The largest
randomised trial included 28 patients in the treat-
ment group who received interferon-o-2b 3MU
three times a week subcutaneously and ribavirin
(800-1200mg) daily (table II). It also included 24
patients in the observational control group.®? SVR,
which was the primary endpoint of this study, was
achieved in 21% of the treatment group and end-of-
therapy serum HCV RNA was undetectable in nine
patients (32%). Sixteen patients were withdrawn
from the study; 12 (43%) withdrawals were from the
treated group and were due to anaemia (seven pa-
tients) and four (17%) from the control group. End-
of-therapy biopsies demonstrated an increased pro-
portion of patients with improvement in METAVIR
activity scores®”! in the treatment group compared
with the control (54% vs 21%). However, this dif-
ference was not significant on biopsies taken at the
end of the follow-up period (25% vs 21%). All of
the responders but one were treated for >4 years
post-OLT and they all had stage 2 fibrosis or less. Of
note, HCV RNA levels in the six patients who
obtained SVR in this study were undetectable or had
>2 log decrease at week 12 on therapy.

Peginterferon has been evaluated in several trials
with or without ribavirin to treat established recur-
rent HCV post-OLT. Most studies were non-
randomised, single centre experiences and showed
slightly higher SVR compared with standard in-
terferon, but the incidence of dose reductions due to
adverse effects seemed to be comparable with both
formulations, although no head-to-head comparison
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has been completed. In a randomised, controlled
treatment versus no treatment trial of peginterferon-
o-2a, only three patients (12%) achieved SVR."7!
Ten patients (30%) and six (19%) were withdrawn
prematurely in the treatment and control groups,
respectively. The incidence of acute rejection was
higher but not statistically significant in the treat-
ment group compared with the control group (12%
vs 0%; p = 0.1).

Two randomised trials have reported preliminary
results on the use of peginterferon and ribavirin
combination therapy. In the first trial, 59 patients
received peginterferon-a-2b 0.5 pg/kg/week and
ribavirin 600 mg/day (dose increased to 800mg at
week 4 if tolerated) for 4 weeks then, based on
baseline randomisation, patients either continued
with the same dose of peginterferon of 0.5 pg/kg/
week or the dose was increased to 1.5 pg/kg/week
for 48 weeks with a 24-week stopping rule if HCV
RNA was still positive.!®! Fifty-nine percent of pa-
tients in the high-dose group achieved SVR com-
pared with 18% in the low-dose group (p < 0.001).
Fifteen percent of patients had to stop therapy due to
adverse effects with two deaths reported in the high-
dose arm.

In the second trial, 42 patients were randomised
to peginterferon-o-2a 180 pg/week monotherapy
(21 patients) or peginterferon-a-2a 180 pg/week
plus a maximum tolerated dose of ribavirin (21
patients). Response rates were similar in both
groups (33%).79% However, three patients in the
monotherapy group and one in the combination
group withdrew because of acute rejection.

Several uncontrolled trials of peginterferon plus
ribavirin combination therapy reported a significant
variation in SVR from 22% to 59% as shown in ta-
ble II. The main predictors of response were course
completion and favourable genotype.[8%-8587-891 The
rule of 80/80/80 (receiving 80% of the recommend-
ed doses of PEG-interferon and ribavirin for 80% of
the recommended duration of therapy) that has been
developed in non-transplant patients appears to be
highly associated with the achievement of SVR in
the setting of recurrent HCV infection post-OLT as
well.[37:99
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Early virological response (EVR), defined by
negative HCV RNA or a >2 log decrease in HCV
RNA after 12 weeks of therapy, has been shown to
be a good predictor of SVR in the post-OLT setting.
In the trial by Dumortier et al.,®! the 3-month viral
response was a predictor of SVR as 10 of 11 re-
sponders had undetectable HCV RNA at 3 months,
but none of the nonresponders cleared virus. This
has been further demonstrated by others recent-
1y.[21.8088901 On the other hand, a 4-week >2 log
decrease in HCV RNA was significantly associated
with SVR in one study® and reported in 10 of 14
patients who achieved SVR in another study.?"
Considering the progressive nature of recurrent
HCV and the risk of graft loss, the decision to
discontinue therapy in those with who fail to achieve
EVR should be individualised, particularly in those
with advanced fibrosis or those who received sub-
therapeutic doses, until the negative predictive value
of EVR has been established in a large cohort of
liver transplant patients. For example, in the study
by Berenguer et al.,?!1 1 of 18 patients who devel-
oped an SVR did not have an EVR, while the other
two fully published studies reported that an EVR
developed in all of those who achieved an SVR post-
OLT.

4. Adverse Effects of Interferon-Based
Antiviral Therapies

Myelosuppression as a result of interferon ther-
apy was common in all trials discussed in this re-
view, and therapy for anaemia and neutropenia with
growth factors, where reported, was required in up
to 50% of patients. Ribavirin induces dose-related
haemolysis by accumulation of ribavirin triphos-
phate in erythrocytes.'%! Antiviral therapy may be
initiated with a lower ribavirin dose (600 mg/day)
and can be increased as tolerated. Anaemia can also
be managed by erythropoietin analogues, iron store
repletion, avoidance of bone marrow suppressive
agents, and even blood transfusion. A novel ap-
proach by measuring ribavirin levels in post-OLT
patients is being investigated, given that calcineurin
inhibitor use is associated with up to a 25% reduc-
tion in glomerular filtration rate.['”!) Neutropenia
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can be managed with granulocyte colony-stimulat-
ing factors and avoidance of other bone marrow
suppressive agents. Other serious adverse effects
including infections and death have also been re-
ported in the trials evaluating antiviral therapy.

Acute and chronic rejection have been reported
in several studies while patients were receiving in-
terferon-based therapy. Acute cellular rejection can
improve with cessation of antiviral therapy or it can
lead to ductopenia and graft loss.[6:63 Furthermore,
it has been shown that SVR is more common in
those who develop acute cellular rejection.?!7%]

There are limited data on therapy of patients who
develop cholestatic recurrent HCV infection.l!??]
Therapy has a low response rate and may be re-
quired indefinitely. Furthermore, the risk of rejec-
tion is high and retransplantation may be required
while receiving therapy.l'%” We have successfully
treated two patients at our institution for cholestatic
recurrent HCV infection with interferon and
ribavirin with clearance of HCV RNA from the
serum. Both patients developed signs of graft failure
necessitating retransplantation and at surgery, intra-
venous interferon was administered during the
anhepatic phase to prevent graft reinfection. Both
patients are doing well with no evidence of recurrent
disease at 36 and 24 months postoperatively, respec-
tively.[103)

Finally, transplant patients with recurrent HCV
have significantly decreased global quality of life,
physical functioning scores and an increased inci-
dence of depression.'1051 Antiviral therapy may
exaggerate depressive symptoms, but whether this
can lead to dose reduction or withdrawal has not
been fully evaluated in post-OLT setting. Antide-
pressant therapy was generally given in many of the
trials mentioned in this reviews and it should be
considered early on during antiviral therapy.

5. Retransplantation for HCV-Related
Allograft Failure

Graft failure due to recurrent HCV infection is a
growing problem facing transplant centres consider-
ing the low success rate in eradicating HCV infec-
tion. Liver retransplantation for all indications has
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been associated with =25-30% reduction in 1- and
5-year survival compared with first transplanta-
tion.'%! Furthermore, some studies demonstrated
lower survival in those who underwent retrans-
plantation for recurrent HCV infection compared
with retransplantation for all causes.!'%7-1%8 Howev-
er, other studies have shown survival after retrans-
plantation to depend mainly on predictors of poor
outcome including donor age, bilirubin >10 mg/dL,
serum creatinine >2 mg/dL, and shorter time since
the first transplant operation.['%-1121 This would re-
quire retransplantation to be performed when the
patient has a low MELD score, which is not possi-
ble under current organ allocation policies. Retrans-
plantation for recurrent HCV infection-related al-
lograft failure remains a dilemma facing centres
regularly, and the decision whether and when

to transplant should be made on case by case ba-
gig [113-115]

6. Conclusion

Recurrent HCV infection after transplantation is
universal and the spectrum of allograft injury related
to HCV infection recurrence in liver transplant re-
cipients is highly variable ranging from mild histo-
logical abnormalities to allograft cirrhosis. The nat-
ural history of HCV infection recurrence is general-
ly accelerated and, although patients may
experience an initial mild recurrence of HCV infec-
tion, delayed severe liver damage is also possible.
Treatment with peginterferon plus ribavirin is en-
couraging, but poor tolerability and modest response
rates are major problems to be addressed. Repeat or
protocol biopsies and potential antiviral therapy in
patients with evidence of progressive fibrosis should
be recommended in clinical practice, although prop-
er histological criteria for treatment and optimal
duration of therapy are still uncertain. Antiviral ther-
apy and viral eradication may be still possible in a
selected group of patients with end-stage liver dis-
ease at the pretransplant setting, but this approach is
generally limited by the adverse effects of therapy.

Therapy of established recurrent HCV infection
post-OLT is the most accepted method to manage
recurrent HCV infection post-OLT. Liver transplant
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recipients are followed for recurrent disease and
therapy is offered in those when protocol liver biop-
sy demonstrates a METAVIR fibrosis grade >1 with
ongoing necroinflammatory activity. Initiating anti-
viral therapy earlier (at the acute HCV re-infection
phase) has not provided additional benefit with re-
gard to SVR and adverse-effect profile; as initially
postulated compared with the non-transplant set-
ting.[l'!1 Considering that adherence to antiviral
therapy is a major factor in a achieving an SVR,
careful selection of patients for therapy as well as
optimisation of renal function, immunosuppressive
regimen (including corticosteroid withdrawal or
avoidance if feasible), and planning for anaemia
management are required prior to initiating therapy.
Peginterferon may be initiated at full or reduced
dose. Ribavirin is typically initiated at 600 mg/day
and can be increased gradually to 1000 mg/day
except in patients with genotype 2 or 3 where a dose
of 800 mg/day is likely to be sufficient. Therapy is
generally extended for 48 weeks except in patients
with genotype 2 and 3 who achieve rapid viral
clearance (4 weeks); who may be treated for 24
weeks.

Further improvements in outcome are likely to
depend on the introduction of newer agents that can
provide viral suppression or eradication with poten-
tially fewer adverse effects. These future therapies
may include protease inhibitors, polymerase inhibi-
tors, ribavirin analogues and other immune modula-
tors that are currently undergoing evaluation in non-
transplant patients.
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