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Hepatitis C virus (HCV) has become the leading indication for liver

transplantation (LT) worldwide. Short-term graft and patient survival

after LT in these individuals is comparable with other indications for

LT. There is, however, a disturbing trend for decreased survival over the

longer term. The natural history of HCV infection after LT is evolving.

Its early recurrence and the wide spectrum of recurrent disease is recog-

nized, from minimal histological and clinical disease to very aggressive

forms of hepatic damage such as fibrosing cholestatic hepatitis. There is

growing concern that recurrent HCV is becoming more aggressive.

Although many factors have been implicated, the causes have not

been fully elucidated. Interferon-based antiviral therapy is challenging

to use in this patient population because of significant toxicity.

Nevertheless, these agents have some efficacy, and pegylated interfer-

ons, which are now being used more frequently, achieve superior

response rates. The role of liver retransplantation in this patient popu-

lation is controversial, because of both a reduced survival rate and an

overall shortage of organ donors. The present review discusses the

challenges that occur in LT recipients with HCV.
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Le défi du virus récurrent de l’hépatite C chez
les transplantés du foie

Le virus de l’hépatite C (VHC) est devenu la principale indication de

transplantation du foie (TF) de par le monde. Une transplantation à court

terme et la survie après la TF chez ces individus sont comparables aux

autres indications de TF. Il existe toutefois une tendance perturbante de

diminution de la survie à long terme. L’évolution naturelle de l’infection

au VHC après la TF évolue. Sa récurrence précoce et le vaste spectre de

maladies récurrentes sont reconnus, variant entre une maladie his-

tologique et clinique minimale et des formes très agressives de lésions

hépatiques telles que l’hépatite cholestatique fibrosante. Il existe une

inquiétude croissante que le VHC récurrent devienne plus agressif. Bien

que de nombreux facteurs aient été mis de l’avant, les causes n’ont pas

encore été complètement élucidées. Un traitement aux antiviraux à base

d’interféron est difficile à utiliser au sein de cette population de patients,

en raison d’une importante toxicité. Néanmoins, ce type de traitement a

une certaine efficacité, et les interférons peguylés, qui sont maintenant

utilisés plus souvent, obtiennent des taux de réponse plus élevés. Le rôle

de reprises de TF est controversé au sein de cette population de patients,

en raison tant d’un taux de survie réduit que d’une pénurie globale de

donneurs d’organes. La présente analyse porte sur les défis qui surgissent

chez les transplantés du foie atteint du VHC.

Hepatitis C virus (HCV)-related liver disease is a serious
global concern that is challenging health resources world-

wide and posing difficult ethical questions to the transplanta-
tion community. Currently, the only definitive therapy for
patients with end-stage HCV-related cirrhosis is liver trans-
plantation (LT) (1,2). Unfortunately, patients who undergo
lifesaving orthotopic LT face a cruel irony: the new liver
does not eliminate HCV infection. HCV almost universally
reinfects the transplanted liver; more than 90% of transplant
recipients continue to have detectable serum HCV RNA
(2,3), and may develop HCV-related liver disease again, pos-
sibly leading to graft failure, liver retransplantation or death
(1,2,4).

The present review addresses the medical, economic and
ethical challenges associated with recurrent HCV infection in
LT recipients and some of the controversies in this area.

NATURAL HISTORY OF POST-TRANSPLANT

HCV INFECTION 
Epidemiology of primary HCV infection
In most regions of the world, HCV is the most frequent cause
of progressive liver disease (1,2,5). After primary infection
with HCV, the majority of patients (70% to 85%) eventually

develop chronic hepatitis and, within 20 to 30 years, 15% to
20% progress to cirrhosis or end-stage liver disease (ESLD)
(4,6). In developed regions of the world, such as North
America, Europe and Australia, ESLD due to HCV infection is
now the most common indication for LT (6).

Essentially a global viral pandemic, HCV infects as many
as 170 million people worldwide. The prevalence of exposure
in those living in developed countries, as assessed by the pres-
ence of serum anti-HCV antibodies, is 1.5% to 2.0%, includ-
ing 1.8% in the United States (US). The highest prevalence
is in Egypt, where almost 25% of the population is infected
(7). HCV infection rates vary geographically, with almost
four million people in the US (of whom 2.7 million have
active disease) (4,6) and over five million people in Europe
being infected (6,8).

In the US, the Centers for Disease Control and Prevention
estimated that 8000 to 10,000 deaths each year are related to
HCV. The Centers for Disease Control and Prevention also
expects HCV-related mortality rates to triple over the next
20 years and, if this prediction is borne out, HCV could cause
greater mortality than AIDS. Some of this excess mortality
could be reduced by LT, but the widespread use of this life-
saving procedure would overburden the health care system.

REVIEW

©2004 Pulsus Group Inc. All rights reserved

marotta.qxd  20/09/2004  10:52 AM  Page 19



Economic impact and social burden
Significant health care costs and a heavy social burden are the
direct result of the magnitude of this comparatively unpubli-
cized disease. Relatively few estimates of the economic conse-
quences of HCV are available, and those that are available are
limited to industrialized nations. In the US in 1997, the con-
sequences of HCV were estimated to cost US$5.46 billion.
Although the indirect costs of HCV-related disease (including
pain and suffering, as well as undocumented and unpaid care
from family members) are significant, they are generally
underestimated or, more often, completely omitted from eco-
nomic analyses (9).

Individuals with HCV suffer a reduction in health-related
quality of life, as do LT recipients with recurrent HCV.
Functional performance, physical functioning and health-related
quality of life are all impaired in HCV-positive LT recipients
compared with recipients without recurrent HCV or patients
who had undergone LT for indications other than HCV
(10,11). Functional performance may be maintained during the
first two years after HCV recurrence, but subsequently deterio-
rates, with the magnitude of impairment related to the severity
of recurrence.

Although the incidence of HCV infection is falling, the
economic costs and social burden caused by HCV is expected
to increase (12). This apparent discrepancy is explained by the
vast numbers of asymptomatic persons who are infected with
HCV and who are at risk for future HCV-related complications
(cirrhosis, portal hypertension and hepatocellular carcinoma)
unless effective, well-tolerated and affordable antiviral thera-
pies are developed. Naturally, all economic costs must be regu-
larly reassessed as health care policies change and as advances
in the prevention and/or treatment of HCV infection become
available. The best strategy is to focus on prevention, not
transplantation.

Natural history and clinical outcome of HCV recurrence
The natural history of HCV infection after LT is unknown.
HCV reinfects the new liver in the majority of patients within
the first few weeks of transplantation. The rates of both histo-
logical and clinical progression vary considerably, frustrating
the transplant physician, whose task is to both manage
immunosuppression and prescribe appropriate antiviral therapy
(2,13-16). Early short-term follow-up studies (2,3,13,15,17) of
HCV-positive LT recipients suggested that recurrent HCV
infection led only to mild disease that did not significantly
impact overall graft and patient survival (Figure 1). For exam-
ple, Lumbreras et al (13) found no differences in actuarial sur-
vival rates in LT recipients with HCV infection at one, two
and four years after transplantation compared with HCV-neg-
ative LT recipients. Even at five years post-LT, the rates of graft
and overall patient survival were similar in HCV-infected and
uninfected recipients. More recent studies (16,18), however,
have demonstrated that recurrent HCV infection after LT can
be a more serious disease, and that after five years, graft and
patient survival is worse among HCV-positive than HCV-neg-
ative recipients.

Even more startling is the recent finding that even shorter-
term survival may be reduced. A histological study (16)
showed that HCV-infected patients, especially those with
genotype 1b, exhibited a high rate of graft cirrhosis in the first
four to five years after transplantation. A history of rejection
episodes may also predispose to the development of cirrhosis.
First-year biopsies may facilitate the early detection and man-
agement of cirrhosis (14,16).

It has become clear that HCV recurrence after LT can lead
to a wide spectrum of outcomes, ranging from minimal hepa-
titis to rapidly fatal fibrosing cholestatic hepatitis (2,14,18).
By the end of the first year after transplantation, more than
60% of patients have both biochemical and histological evi-
dence of HCV infection (2,15). Papatheodoridis et al (19)
reported that 30% of LT recipients with HCV recurrence
developed severe fibrosis or cirrhosis within a median of
three years.

It has become increasingly apparent that a certain pro-
portion of LT recipients develop an accelerated form of
HCV infection with rapid histological and clinical progres-
sion. This subgroup includes many patients who have under-
gone transplantation in recent years, and in whom cirrhosis
developed within four years of HCV recurrence (1,14,20).
This course is much more aggressive than that for primary
HCV infection (without transplantation), where cirrhosis
generally develops only after 20 to 30 years (4). Patients who
develop significant histological HCV recurrence soon after
LT are at the highest risk for progressive liver disease, which
diminishes early graft and patient survival (17). The reasons
for this acceleration in disease progression are not well
understood. Many factors, related not only to the virus but
also the donor and recipient, may play a role, but it has been
suggested that immunosuppressive therapies are the most
important.

CHALLENGES OF RECURRENT HCV
Assessing risk of HCV recurrence 
Many factors influence HCV recurrence: pretransplant recipient
health status, number and severity of cellular rejection episodes,
donor-recipient human leukocyte antigen matching, levels of pre-
and early post-transplant viremia, cytomegalovirus infection,
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Figure 1) Patient and allograft survival in liver transplantation recipi-
ents after histological recurrence of hepatitis C virus infection. NS Not
significant. Reprinted from reference 17 with permission
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donor age, viral genotype and the use of a steroid bolus or other
immunosuppressant medications. These factors interact to
determine the long-term patient and graft outcome. Patients
who experience acute cellular rejection (ACR) requiring
excessive immunosuppression develop an increased HCV viral
load and, potentially, more severe histological recurrence,
poorer graft survival and reduced patient survival (21). Higher
serum RNA levels have been correlated with more severe graft
injury (20). Serum viral loads of greater than
1,250,000 viral equivalents/mL (greater than 800,000 IU/mL)
are correlated with detection of the virus within the liver
(P=0.01) (22) and high serum HCV RNA levels pre-LT are
associated with poorer patient survival five years post-LT (1).
Other studies (2,3,23) have shown that only viral RNA levels
measured during the first two weeks post-LT identify patients
who will subsequently develop significant recurrent HCV hep-
atitis. Patients who receive an HCV-positive liver allograft
may experience an accelerated recurrence of HCV; therefore,
this type of donor organ should be used only with caution

(17,20). There is no consensus on how to identify recipients
who are at high risk for severe recurrence (20).

Histological nature of HCV recurrence
Appropriate management for recurrent HCV depends on an
accurate diagnosis. ACR may resemble HCV early after
transplantation; therefore, differentiating the two is manda-
tory. A liver biopsy remains the ‘gold standard’ (16,24), and an
experienced hepatohistopathologist is essential.

The histological diagnosis of recurrent HCV is made on the
basis of portal and/or periportal inflammation with mononu-
clear cells (Figure 2) (14,22,24-26). Findings that show a sta-
tistically significant correlation with in situ detection of
hepatic viral RNA include single cell hepatocyte necrosis, bile
duct damage, lymphoid aggregates and cholestasis (22). The
initial appearance of fibrosis is an important predicator of pro-
gression to cirrhosis.

The histopathological features of ACR and HCV-associated
recurrent hepatitis may appear at different times after

Recurrent HCV in liver transplant recipients
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Figure 2) Histological features of liver biopsies taken from liver transplantation recipients in end-stage liver disease due to recurrent hepatitis C virus
infection. Features include A steatosis and portal fibrosis (original magnification ×100), B increased portal fibrosis without lymphoid aggregates (orig-
inal magnification ×100), C portal tract lymphoid infiltrates (original magnification ×100), and D lobular inflammation and necrotic hepatocytes
(original magnification ×400). Reprinted with permission from reference 22

marotta.qxd  20/09/2004  10:52 AM  Page 21



transplantation (14). Acute HCV hepatitis typically develops
between the second and fourth month after LT; in contrast,
changes consistent with chronicity are usually seen more
than three months after transplantation (14).

Surrogate biomarkers
There is growing interest in using surrogate biomarkers to aid
in the diagnosis of recurrent HCV disease (21,27). ACR and
HCV recurrence involve different immunological mechanisms
that may translate into differential expression of cell surface
molecules on the liver allograft. Progressive and severe forms of
HCV recurrence after LT may be associated with aberrant
intrahepatic expression of cell surface molecules involved in
lymphocyte activation, antigen recognition and cell adhesion.
These molecules regulate the recruitment and activation of
cytotoxic T lymphocytes. Further work is needed to determine
if these observations can be translated into an effective diag-
nostic tool.

Impact of immunosuppression on recurrent HCV disease

Because of the observation that recurrent HCV is occurring
much earlier, there is a concern that a novel immunosuppres-
sive therapy may be responsible (14,28). It is logical that
immunosuppressants that enhance viral replication or attenu-
ate viral clearance would increase the severity of recurrent
HCV. In practice, however, it is difficult to identify the specific
effects of individual immunosuppressants on the course of post-
transplant HCV. Complex drug regimens involving multiple
drugs and drug-crossover protocols, as well as the interplay of
host, viral and donor factors, contribute to the challenge. The
literature is also plagued by anecdotal observations, nonran-
domized clinical studies and retrospective data. At this time,
no multicentre, randomized, controlled clinical trials have
been undertaken specifically to measure the effects of individ-
ual immunosuppressive agents on the rate or severity of recur-
rent HCV disease.
Corticosteroids: There is general agreement that corticos-
teroids are associated with more severe histological injury.
Corticosteroids promote HCV replication, thereby increasing
viral levels (20,29). By 12 months after transplantation, patients
who have been treated with steroids for the longest duration
have the highest levels of HCV RNA, and this is strongly cor-
related with the severity of fibrosis (30). Many immunosup-
pressive protocols now involve rapid tapering of steroids or are
steroid-free, but this is usually accomplished by increasing the
dosage of other immunosuppressive agents.
Anti-T cell antibodies: Anti-T cell antibodies may be used as
induction therapy or to treat severe allograft rejection concomi-
tantly with corticosteroids. The risk of rapid and severe HCV
recurrence is correlated with the number of rejection episodes,
the severity of ACRs and the use of the anti-T cell antibody,
OKT3 (31-33). Rosen et al (32) reported that  administration
of OKT3 to LT recipients with pre-existing HCV and steroid-
resistant ACR was associated with a higher incidence and ear-
lier presentation of recurrent HCV than with age-, sex- and
initial immunosuppression-matched controls.

Basiliximab, an anti-CD25 monoclonal antibody that
blocks the functional interaction between interleukin-2 (IL-2)
and its receptor, and consequently limits the activation of
T lymphocytes, has been shown to reduce the incidence of
acute rejection episodes in LT patients (34,35). However,

basiliximab seems to have little effect on HCV recurrence.
Histological evidence of recurrence is apparent in approxi-
mately 50% of HCV-infected recipients in the first postoper-
ative year (20). In a subgroup of HCV-positive LT patients
treated with basiliximab and triple therapy (cyclosporine,
steroids and azathioprine), the recurrence rate of HCV was
48.4% (15 of 31) (34). The duration of follow-up was only
six months, however, and viral load was not assessed. At
12 months, there was no graft loss from recurrent HCV. In a
larger controlled study (35), the HCV recurrence rates in LT
recipients on dual therapy (cyclosporine and steroids) at
12 months were 58% (40 of 69) and 54.7% (35 of 64) in the
placebo and basiliximab arms, respectively. HCV recur-
rence was identified by histopathological, biochemical and
clinical evidence. Overall, it is not yet possible to make
definitive conclusions about the effect of basiliximab on
HCV recurrence.

It has been suggested that daclizumab, another IL-2 recep-
tor antibody, is associated with early recurrence of HCV. LT
recipients were given daclizumab, mycophenolate mofetil
(MMF) and steroids, followed by tacrolimus and steroid taper-
ing. HCV-positive patients given daclizumab had a significantly
higher HCV viral load at 12 months than the control group
(13.2±6.8 mEq/mL versus 8.3±6.1 mEq/mL; P<0.05) (36). At
12 months, 92% had histological evidence of recurrent disease
compared with 60% of the control population (P<0.05).
Unfortunately, only historical controls were used in this study
(1995 to 1998 versus 1998 to 2000). In addition, immunosup-
pression in the HCV control group consisted of low-dose
tacrolimus or cyclosporine and steroids, and MMF was admin-
istered only to patients who experienced ACR. Thus, further
studies are required to determine exactly how daclizumab
affects HCV recurrence.
Calcineurin inhibitors: In the nontransplant setting, the cal-
cineurin inhibitor cyclosporin A (CsA) does not affect viral
levels in HCV-infected patients (20). In addition, the levels of
post-LT HCV viremia are similar among those receiving CsA
plus steroids or tacrolimus plus steroids (20).

Papatheodoridis et al (19) performed the first study in
which LT recipients received monotherapy with a calcineurin
inhibitor (CsA or tacrolimus) immediately after transplant sur-
gery. Although this was not a randomized study, there was no
evidence that CsA or tacrolimus altered the viral characteris-
tics of treated patients. Platz et al (37) followed 137 patients
who were transplanted for HCV-related cirrhosis; 79 patients
received CsA-based immunosuppression and 58 patients
received tacrolimus. Three-month and one-year survival rates
were similar. In addition, year 1 to year 5 cumulative patient
survival rates were similar in CsA-treated (67 of 79; 84.8%)
and tacrolimus-treated patients (50 of 58; 86.2%). The
retransplantation rates were similar (5.1% and 6.9%, respec-
tively) (37). At present, there is little evidence to recommend
the preferential use of either CsA or tacrolimus in post-LT
recipients with HCV (20,37). Although one study (38) in
Ireland and the United Kingdom, which evaluated
606 patients undergoing their first orthotopic LT, suggested
that tacrolimus provided a better clinical outcome at one year
than microemulsified CsA.
MMF: MMF has both immunosuppressive and antiviral prop-
erties and, in theory, could provide benefits to some recipients
with recurrent HCV disease (20,37,39,40). Like the antiviral
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agent, ribavirin, MMF is an inosine monophosphate dehydro-
genase inhibitor and enhances the antiviral activity of antiher-
pes agents (20,39,40). Controversy surrounds the role of MMF
on HCV recurrence in LT recipients (28,41). To date, various
reports have concluded that MMF has had a beneficial, an
adverse or no impact on the rate and severity of HCV recur-
rence (20,36,37,41-45).

Langrehr et al (44) recently published preliminary results
of a prospective study comparing a steroid-free induction reg-
imen of tacrolimus plus MMF with a standard dual protocol
of tacrolimus plus steroids. Patients were followed for
two years after transplantation. The incidence of ACR in the
tacrolimus/MMF arm was 26% (four of 15), compared with
46% (seven of 15) in the tacrolimus-prednisone arm.
Significant histological recurrence with fibrosis occurred in
13% (two of 15) of patients in the tacrolimus-MMF group
and 20% (three of 15) of patients in the tacrolimus-pred-
nisone group. However, the sample size was too small to per-
mit reliable conclusions to be drawn about the effects of
MMF on HCV recurrence.

Two recent reports by Fasola et al (42,46) concluded that
high doses of MMF (resulting in a high “exposure ratio”) less-
ened the impact of ACR on the incidence of severe HCV
recurrence. They recommended that MMF be part of
immunosuppression regimens to prevent HCV recurrence.
They also concluded that the benefit of MMF in delaying
HCV recurrence may be similar to that provided by ribavirin
therapy (43).

Bahra et al (45) retrospectively analyzed their data from a
small number of patients who had received MMF to treat ACR
and concluded that MMF may prevent viral activation. A
phase III randomized, controlled, multicentre study showed a
decreased frequency of histological  recurrence of HCV at
six months and a trend towards decreased recurrence at
12 months in patients treated with MMF than those receiving
azathioprine in a multidrug regimen (20).

Other investigators have not been as optimistic about the
beneficial effects of MMF. Jain et al (41) reported that MMF
had no significant impact on patient or graft survival, or the
rates of graft rejection or HCV recurrence (based on both
biochemical changes and histological findings). This group
concluded that MMF either had no anti-HCV effect or that
its immunosuppressive properties outweighed its antiviral
activity in LT patients.

Other reports (47-49) have suggested that MMF has an
adverse effect on HCV recurrence, with an increased incidence
of recurrent hepatitis and jaundice, and more severe histological
findings (47-49). Nelson et al (36) found that the combination
of anti-IL-2 receptor antibodies (daclizumab) with MMF soon
after transplantation was associated with earlier and more severe
HCV recurrence: 45% of MMF-daclizumab-treated patients
developed advanced disease within one year compared with
26% of controls (36).

Perhaps the current situation is best summarized by
Charlton (28), who stated that “…on aggregate the reported
data…provide no compelling basis for either administering or
avoiding MMF in HCV-infected liver transplant”. Indeed,
one should be careful not to draw premature conclusions
from the data. Studies have varied in terms of MMF dosage
and treatment duration. Immunosuppression may be only one
of many factors influencing the risk of HCV after LT. The
‘best’ immunosuppressive regimen for HCV-infected LT

recipients remains unclear and can be identified only by
prospective, randomized, controlled trials.

Optimal treatment for recurrent HCV
The management of recurrent HCV infection after LT remains
a major challenge (41,50). Strategies aimed at reducing the
risk of developing severe HCV recurrence include withdrawing
steroids as early as possible. Early and accurate identification of
high-risk patients would allow the prompt administration of
antiviral therapy (31,51). Other strategies include the manip-
ulation of immunotherapy to reduce the risk of ACR without
affecting viral kinetics (2). Antiviral treatments are available
but are of limited efficacy and tolerability.
Preventing overimmunosuppression in HCV recurrence:
Regimens with two or three immunosuppressive agents are sig-
nificantly more likely than single-drug treatments to result in
advanced histological disease, including severe fibrosis (19). In
addition, it is possible that the choice of initial immunosup-
pression affects the eventual histology of HCV recurrence. A
recent study by Papatheodoridis et al (19) revealed that the
initial use of a single immunosuppressant was associated with
an inhibition of or delay in the development of severe fibrosis
without increasing the number of ACR episodes. They also
demonstrated that initial triple-immunosuppressive therapy
tended to be associated with higher HCV RNA levels at
12 months than was treatment with a single immunosuppres-
sant (P=0.058) (30).

Recent data (52) suggest that up to 70% of LT recipients
develop ACR, but that many of these episodes resolve spon-
taneously. This observation, together with evidence that the
liver is a tolerogenic organ, mandates a re-evaluation of cur-
rent immunosuppressive regimens. Goddard (52) suggested
that a robust form of allograft acceptance or tolerance
should be established in LT recipients, which would allow
more rapid dosage reduction or withdrawal of immunosup-
pressive agents. This approach may allow us to overcome
some of the shortcomings of conventional immunosuppres-
sion regimens.
Antiviral treatments: Antiviral agents are important to the
treatment of HCV recurrence but are limited in terms of effi-
cacy and tolerability. Various strategies have been proposed in
an attempt to optimize treatment: pretransplant prophylaxis to
prevent graft infection, pre-emptive therapy immediately after
transplantation to prevent chronic hepatitis and treating
established disease to prevent cirrhosis and graft failure (53).
However, it is not easy to determine when to implement a par-
ticular strategy, and in whom.

Currently, ribavirin (a broad-spectrum antiviral nucleoside
that acts as a viral mutagen), in combination with
interferon alpha (IFN-α), is often used as first-line therapy
(25,54-59). When both ribavirin and IFN-α were adminis-
tered to patients with recurrent HCV after LT, HCV RNA
levels were reduced and histology was improved (56,58). An
initial virological response has been observed in 35% to 88%
of cases, but a sustained viral response (SVR) occurred much
less frequently (25,60,61), and the therapy was associated
with significant toxicity (1,56).

The addition of a polyethylene glycol (PEG) molecule to
IFN-α creates peginterferon-α (PEG-INF-α). This drug has a
prolonged half-life and duration of action, and therefore
requires only once-weekly administration. Clinical trials
involving non-LT patients have demonstrated that PEG-INF-α

Recurrent HCV in liver transplant recipients

Can J Gastroenterol Vol 18 Suppl C October 2004 23C

marotta.qxd  20/09/2004  10:52 AM  Page 23



is superior to standard IFN-α in clearing HCV, with compara-
ble safety (62-64). Ribavirin and PEG-IFN-α combination
therapy produced SVR rates as high as 54% (65). Studies to
determine the efficacy of PEG-IFN-α with ribavirin in LT
recipients are underway, but rates of SVR greater than 20%
are expected.

Improved understanding of the immunological correlates of
HCV clearance would assist the development of effective
immunotherapeutic agents. For example, cytotoxic T lympho-
cytes may control viral replication and may also be responsible
for progressive liver damage (66). Various treatment strategies
are being developed such as the inhibition of HCV replication
using novel RNA viral mutagens. Specific antiviral targets
that have been identified include the HCV NS3 serine pro-
tease, RNA helicase, RNA-dependent RNA polymerase, the
internal ribosomal entry site and the putative cell surface
receptor CD81. Gene therapy targets HCV gene expression
and replication. T cell-based vaccines are being considered
against highly immunogenic and immunodominant molecules
(eg, NS3 and NS4) as a means of enhancing the T cell
response against HCV without damaging the liver (67,68).
Some of these approaches are already being evaluated in clini-
cal trials (59,68), and may complement existing therapeutic
modalities in the future.
Retransplantation: Liver retransplantation may be the only
viable option for patients whose allograft fails because of
recurrent HCV disease. In the US, approximately 10% of
transplanted HCV patients die from recurrent disease. Most
experts agree that up to 20% of LT recipients with recurrent
HCV cirrhosis will eventually require retransplantation.
Moreover, in the US, retransplantation accounts for approxi-
mately 10% of all liver transplants (1,69,70). These numbers
will almost certainly increase as graft failure develops with
time after transplantation (1,69). Biggins et al (69) have
shown that liver retransplantation surgery is more costly than
primary transplantation and has less certain outcomes. These
facts create a serious ethical dilemma for the transplant com-
munity, because the large numbers of patients requiring
retransplantation may prevent many others from receiving
their first liver allograft.

The rapid development of primary graft failure from HCV
recurrence predicts poor graft and patient survival after repeat
transplantation (69,70). While the preponderance of data con-
firm this statement, other studies (20,71,72) suggest that
retransplantation for HCV recurrences may be more successful
than previously thought. Kim et al (71) conducted a multicen-
tre prospective, randomized trial that revealed four-year survival
rates for HCV-positive retransplanted patients that were compa-
rable with those of retransplanted patients without HCV (71).
In a study based on the United Network for Organ Sharing
database, Rosen et al (73) noted that HCV status did not signif-
icantly affect patient survival after retransplantation.

An early decision to perform retransplantation may offer the
patient a more favorable outcome (72). Recognizing end-stage
recurrent disease and undertaking timely retransplantation may
improve survival rates. Retransplantation should be considered
soon after portal hypertension has been detected (31,74).
Methods of predicting outcome are being established. Sheiner et
al (31) reported that preoperative hyperbilirubinemia was the
single most important indicator of poor prognosis. In addition,
Rosen et al (70,73) reported that retransplanted recurrent HCV

recipients with preoperative cholestasis and very poor renal
function had very poor outcomes after retransplantation, regard-
less of whether retransplantation was performed early or late.

As the proportion of the first generation of LT patients who
develop severe recurrent HCV and graft failure increase, the cur-
rent policies governing organ allocation will be challenged.
Indeed, recurrent HCV disease will become the most serious prob-
lem facing the transplantation community (70). As a guide to
making the ‘best’ choice of whether to retransplant, Rosen et al
(73) developed a model to predict the survival of patients under-
going this procedure using five readily accessible parameters: age,
bilirubin, creatinine, United Network for Organ Sharing status
and cause of graft failure. Living-related LT procedures may or may
not be the solution, and there have been anecdotal reports of
severe fibrosing cholestatic hepatitis in this setting.

CONCLUSIONS
HCV almost always recurs in LT recipients. The natural his-
tory is not known and patients experience a range of out-
comes. Within five years of transplantation, recurrent HCV
disease is usually mild and survival is generally preserved.
HCV recurrence leads to liver failure in 2% to 8% of patients
shortly after LT, and in up to 20% over the long term.
Without effective medical management, retransplantation
may be the only lifesaving option. While there is currently no
completely effective anti-HCV treatment, antiviral therapy
is a valuable evolving option. Large, well-controlled,
prospective clinical trials are needed to determine the opti-
mal immunosuppressive regimen for treating recurrent HCV
in LT recipients.

Although the factors that determine the severity of recur-
rent HCV infection have not yet been elucidated, new ther-
apeutic agents under clinical evaluation may prevent
allograft rejection, avoid excessive immunosuppression and,
therefore, not exacerbate the effects of HCV recurrence.

The burden of ESLD secondary to HCV recurrence is grow-
ing. Given the critical organ shortage and increased costs asso-
ciated with retransplantation surgery and recovery, transplant
teams must rethink their approach. Despite attempts to
improve patient outcomes post-retransplantation, the shortage
of organ donors and the appearance of aggressive forms of
recurrent HCV in recent years might lead to such a poor prog-
nosis that transplant surgeons may refuse to perform retrans-
plantation (73). Gaps in our knowledge prevent us from
formulating an effective clinical approach to this problem. The
situation urgently demands a better understanding of viral
biology, new antiviral therapies and clarification of the impact
of immunosuppression on disease recurrence. Ethical consider-
ations must be addressed in any discussion of treatment
options, survival and costs.
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