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Abstract Hepatitis C virus (HCV) infection is highly prevalent worldwide, and results in

significant morbidity and mortality. HCV frequently infects haemodialysis
patients and appears to impact on long-term survival of kidney transplant recipi-
ents. Therefore, treatment is recommended for kidney transplant candidates
before transplantation and should be avoided following transplantation because of
a high risk of allograft rejection. HCV infection does not appear to influence
survival in cardiac transplant recipients and cardiac transplant recipients should
also not be treated. In general, HCV-infected patients with cirrhosis are not
considered as candidates for either kidney or cardiac transplantation given their
risk of decompensation. HCV is the most common indication for liver transplanta-
tion and re-infection with varying degrees of liver injury is universal. Survival
after liver transplantation is reduced among HCV-infected patients when com-
pared with uninfected controls. Therefore, treatment using interferon and ribavirin
is advocated; however, such therapy is frequently limited by adverse effects.
Thus, improved antiviral treatment modalities are eagerly awaited in the trans-
plant setting.
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Hepatitis C virus (HCV) is the major causative
agent of chronic hepatitis and has an estimated glob-
al prevalence of 3%.!! Viral persistence is establish-
ed in the majority of persons acutely infected, and
patients are at continued risk of developing HCV-re-
lated liver disease and its complications, including
cirrhosis and hepatocellular carcinoma. Treatment
of immunocompetent patients infected with HCV
genotype 1 using pegylated interferons and ribavirin
results in sustained virological response rates of
between 42% and 46%.>3) This review focuses on
HCYV infection in recipients of solid organ transplan-
tation, including the indications for and efficacy of
current antiviral treatment in this setting.

1. Renal Transplantation

The prevalence of HCV in patients with end-
stage renal disease is 10-fold that of the general
population, ranging from 10% to 36%./* However, a
recent large study of 2796 haemodialysis patients
determined a prevalence of 7%, with only 4% with
active viraemia.! In less developed countries, with
inefficient means of prevention, the infectivity rate
approaches 65%.19 Although the risk of infection by
parenteral spread through intravenous drug use and
blood transfusions is similar among groups, the pri-
mary mode of transmission in patients with chronic
renal failure is thought to be nosocomial. The use of
infected haemodialysis equipment and inadequate
infection control practices are likely to be contribu-
tors. Conversely, in some European countries where
strict adherence to universal precautions and the use
of dedicated equipment has been applied, new cases
have been virtually eliminated.” Factors associated
with higher risk of hepatitis C include the number of
years on dialysis, the volume of blood transfused
and the type of dialysis.!® The prevalence of HCV-
positivity is >80% for patients on haemodialysis for
>20 years. In addition, patients on haemodialysis
have a risk 2-3 times greater than those on peritone-
al dialysis.

1.1 Diagnosis

Detection of HCV infection in patients with
chronic renal failure can be an additional challenge.
The serum aminotransferase levels often remain in
the normal range; accordingly, it has been suggested
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that the upper limit of normal for aminotransferases
should be lowered in patients with renal failure.
Serological tests to detect HCV antibodies can be
confounded further by haemodialysis and, therefore,
assessment of HCV RNA is often necessary to de-
finitively exclude the diagnosis. Heparin can inter-
fere with the polymerase chain reaction (PCR) assay
leading to false-negative results.” This effect can be
negated by obtaining the specimen before dialysis or
on nondialysis days. Moreover, the chronic immu-
nosuppressed state can result in a longer window
from the time of infection to seroconversion, result-
ing in patients who are HCV antibody negative but
who have active viraemia.

Several studies have shown a discordance be-
tween the histological findings and clinical or labor-
atory parameters.!!!l Despite higher RNA titres,
HCV-positive patients with end-stage renal disease
had a lower prevalence of bridging fibrosis or
cirrhosis than viral RN A-positive patients with nor-
mal renal function and elevated aminotransferase
levels. Transjugular liver biopsy should be consid-
ered in patients for whom therapy is being offered
because of the risks associated with percutaneous
liver biopsy in uraemic patients.

1.2 Natural History

In the general population, infection with HCV
causes acute and chronic liver disease with variable
rates of progression. The progression of HCV in
patients with end-stage renal disease is not well
defined, as the higher rate of morbidity and mor-
tality among this group of patients has precluded
long-term follow up. The immunosuppressed state
of these patients both before and after renal trans-
plantation may be associated with increased rates of
viral replication. An increased incidence of liver
cancer has been suggested in pretransplant, dialysis-
dependent patients.['?! Primary prevention aimed at
reducing the rate of new cases as well as secondary
prevention with early detection and treatment prior
to transplantation are important goals to reduce the
impact of HCV infection effectively in this patient
population.

The impact of HCV on graft function and patient
survival after transplant remains a question of de-
bate. The initial data suggested no significant differ-
ence in patient or graft survival at 5 years between
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Table I. Studies of interferon (IFN)-o. monotherapy for hepatitis C virus infection in patients undergoing haemodialysis

Study? Patients Duration of therapy IFNo dosage  Sustained virological Follow up
(n) (mo) (MU TIW) response (%) (mo)

Espinosa et al.l'9 13 12 3 6/13 (46.2) 60

Huraib et al.l”% 15 12 3 4/15 (26.7) 12

Hanrotel et al.?!] 12 12 3 4/12 (33.3) 12

Degos et al.l2?! 37 12 1.5-3 7/37 (18.9) 6

Campistol et al.l?3 19 6 3 8/19 (42.1) 21

Benci et al.P4 10 12 1° 2/10 (20) 6

Chan et al.l?d! 11 6 3 3/11 (27.3) 24

Izopet et al.?8l 23 6-12 3 12 (52.2) 19

Fernandez et al.?”] 14 6 1.5-3 2/14 (14.3) 12

Pol et al.l?® 19 6 3 3/19 (15/8) 18

Raptopoulou-Gigi et al.2? 19 6 1-3 12/19 (63.2) 14

Koenig et al.l3 37 4 5 11/37 (29.7) 5

a Order by year of publication, most recent first.
b Treatment with leucocyte IFNo.
TIW = three times weekly.

HCYV antibody-positive and HCV antibody-negative
transplant recipients. However, in more recent stud-
ies both patient and graft survival have been nega-
tively impacted.'>!* In one study, potential con-
founding variables (age, immunosuppression, date
of transplant) were controlled for in a case-control
format, and HCV infection was found to be indepen-
dently associated with poorer outcomes.!

1.3 Indications for Treatment

Treatment of hepatitis C in the pretransplant pa-
tient may have a positive impact on the effect the
long-term complications of hepatitis C have on pa-
tient and graft survival after transplantation. Inter-
feron exerts its effect via immunomodulatory ac-
tivity and suppression of cell prolifreration and viral
replication. Decreased clearance of the drug in pa-
tients undergoing haemodialysis is suggested by
higher mean maximum serum concentrations and a
longer half-life compared with in patients with nor-
mal renal function.['®! This is likely to contribute to
the poor tolerance of the therapy seen in patients
undergoing haemodialysis, which often requires dis-
continuation of the medication or a reduction in
dosage.'” In patients with renal impairment, inter-
feron (IFN)-o. monotherapy has been shown to be
achieve a sustained virological response in those
undergoing haemodialysis. The studies published to
date on haemodialysis patients treated with antiviral
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therapy are outlined in table I; overall, the responses
to antiviral therapy are similar to those seen in
patients without renal disease. Currently, the sus-
tainability of these responses, that is the proportion
of virologic responders who remain HCV RNA-
negative after renal transplantation, remains unde-
fined, although in a recent study a maintained res-
ponse 41 + 28 months after transplant was achieved
in eight patients.[!®

In addition, the treatment of chronic hepatitis C
requires consideration of the severity of liver disease
on biopsy, the general medical condition of the
patient and candidacy for transplantation. A practi-
cal algorithm, as outlined by Morales and Campis-
tol’3! directs therapy based on liver histology. Using
this model, all patients who are HCV-RNA positive
receive a liver biopsy. Those with normal histology
are not treated, whereas those with evidence of
chronic hepatitis receive IFNa monotherapy. Lastly,
patients with clinical or histological evidence of
cirrhosis should be considered for simultaneous kid-
ney and liver transplantation.

1.4 Treatment Modalities

The aims of therapy are 2-fold, viral eradication
and improvement of liver histology. Generally,
treatment is aimed at pretransplant, chronic dialysis
patients. In the general population, treatment with
IFNo. monotherapy achieves a 15-25% sustained
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response.*?) IFN monotherapy in haemodialysis pa-
tients has resulted in a sustained virological res-
ponse in 15.8-64%.13%)

Combination therapy with IFNo and ribavirin
has become the standard of care in the general
population given the superior efficacy over IFNo
monotherapy.

In patients with renal dysfunction, ribavirin
clearance is markedly diminished. Furthermore, no
dose administration guidelines have been establish-
ed for its use in this population of patients, although
it has been suggested that a dose of 200 mg/day
maintains serum trough concentrations equal to a
standard dose in patients with normal renal function
(approximately 1000-1200 mg/day).3*! Although a
potential for improved efficacy has been demonstra-
ted, there is a marked increase in adverse events,
most commonly persistent, severe anaemia, which
resolves with the discontinuation of therapy.3*! For
these reasons, as well as the limited experience with
ribavirin therapy in combination with IFNa., this
regimen is recommended only for patients who do
not respond to or who relapse after discontinuation
of IFNo monotherapy.

The use of pegylated IFNs in immune competent
patients has increased significantly, suggesting a
possible role in the treatment of haemodialysis pa-
tients. A recently published study evaluating the
pharmacokinetics of pegylated IFNo-2b in patients
with varying degrees of renal dysfunction has dem-
onstrated longer half-life and greater maximum se-
rum concentrations in patients whose creatinine
clearance is <30 mL/min compared with those with
normal renal function.®3 Studies evaluating the effi-
cacy of the pegylated IFNs in haemodialysis patients
are underway and the use of these agents cannot be
advocated until these data are available.

Following renal transplantation, the safety and
efficacy of IFNa therapy is not proven. In fact, renal
transplant recipients are at risk for allograft rejection
and renal dysfunction during IFNa treatment, even
in patients with long-term stable allograft function.
Several small studies have demonstrated moderate
biochemical efficacy with minimal virological res-
ponse, associated with renal impairment.3%-38] The
largest study of this kind included 16 kidney trans-
plant recipients with chronic hepatitis C.38 Al-
though biochemical normalisation was achieved in
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15 patients, no patient had sustained virological
response. Six of 16 patients experienced renal fail-
ure during therapy. Currently, IFNo therapy is only
indicated after transplant for fibrosing cholestatic
hepatitis.[3!! The poor tolerability of IFNow and risk
of allograft rejection emphasise the importance of
pre-emptive antiviral therapy in the pretransplant
period. Until less toxic therapies are available for
hepatitis C, attempted slowing of the progression of
viral replication can be made through attempted
reduction of the immunosuppressive medications;
however, the subgroup of patients most likely to
benefit from this approach has not yet been defined.
Management issues are further highlighted in two
recently published reviews. 340l

2. Cardiac Transplantation

As with other organs, the number of potential
recipients of cardiac transplants vastly exceeds the
number of available donor organs. By International
Classification of Diseases (ICD-9)*!l diagnosis,
there are 40 000 potential recipients of cardiac trans-
plantation in the US between infancy and 65 years of
age,[*?! yet only 2500 donor organs are available.
Given the high prevalence of HCV in the general
population, coupled with the donor shortage, issues
regarding the diagnosis, outcome and management
of HCV infection in this population are vital. This
section reviews the data regarding outcomes of pa-
tients with pre-existing chronic HCV infection un-
dergoing cardiac transplantation, the impact of de
novo HCV infection following transplantation, and
discusses the diagnostic and therapeutic approach to
such individuals.

2.1 Transmission of Hepatitis C Virus (HCV)
Via Cardiac Transplantation

Solid organ transplantation is a well established
risk factor for HCV transmission. Transplantation of
HCYV antibody positive donor organs into uninfected
recipients almost uniformly results in chronic HCV
infection in the immunocompromised host.!*3-43 The
long-term consequences of HCV transmission in
this cohort of patients is not presently known; how-
ever, in the short term (up to 42 months), overall
recipient survival does not appear to be affected
significantly.[*4

Drugs 2004; 64 (5)
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2.2 Diagnosis of HCV Infection Following
Cardiac Transplantation

Up to one-third of heart transplant recipients with
HCYV infection do not develop detectable antibody
responses as a consequence of their immunosup-
pressed state.[*34446471 In addition, as observed by
Lunel, et al.,"8! patients with de novo HCV infection
following cardiac transplantation have a significant
delay between aminotranferase elevation or HCV
RNA detection and anti-HCV detection. Therefore,
if HCV infection is suspected on the basis of elevat-
ed serum aminotransferases or cholestasis, the use
of PCR technology to detect HCV RNA is required.

2.3 Outcomes of Patients with Pre-Existing
HCV Infection

Studies addressing the outcome of cardiac trans-
plant recipients with pre-existing HCV infection
have been limited by the small number of patients
and relatively short duration of follow up.[47:4%:30]
Nevertheless, HCV infection does not appear to
result in increased mortality among cardiac trans-
plant recipients. In a study by Lake et al.,b” in-
creased liver-related mortality was observed in
HCV-infected recipients when compared with
uninfected patients; however, there was no differ-
ence in all-cause mortality between these two co-
horts.

There appears to be agreement in the transplant
community that patients with advanced HCV-
related fibrosis or cirrhosis are not ideal candidates
for cardiac transplantation given that such individu-
als might have a reduced life expectancy because of
their underlying liver disease.[*?!

2.4 Natural History of Patients with de novo
HCV Infection After Cardiac Transplantation

In general, patients with de novo HCV infection
are likely to have an indolent course despite their
immunosuppressed state. A relatively large, pro-
spective study!“®! did not observe significant short-
term differences in the rate of fibrosis progression
when HCV-infected cardiac transplant recipients
were compared with immunocompetent patients
with HCV infection. In addition, de novo HCV
infection does not appear to reduce short-term and
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intermediate-term survival after cardiac transplanta-
tion.[ 6481 Patients with de novo HCV infection after
cardiac transplantation are at risk of developing a
form of severe cholestatic HCV infection with a
subsequent increase in mortality.[*®4”! In addition,
the use of mycophenolate mofetil was associated
with increased mortality in HCV-infected transplant
recipients in one study.[ ¢!

2.5 Use of HCV-Positive Donor Organs in
HCV-Positive Recipients and
HCV-Negative Recipients

Although no standardised policy exists, a survey
of cardiac transplant centres noted that approxi-
mately two-thirds of US centres offer cardiac trans-
plantation to HCV-infected recipients.’!! In addi-
tion, in order to increase the number of organs
available for transplantation, many centres trans-
plant allografts from HCV-infected donors to HCV-
infected recipients. Moreover, given the risk of pro-
gressive liver injury related to HCV infection post-
transplant there appears to be agreement that the use
of HCV-infected donors for uninfected recipients
should be limited to those recipients in urgent need
of cardiac transplantation.

2.6 Treatment of HCV Disease in the Setting
of Cardiac Transplantation

No data are available regarding IFN-based an-
tiviral therapy for HCV-infected cardiac transplant
candidates or recipients. The adverse effect profile
of the combination of IFNa and ribavirin therapy!>?!
(which currently achieves the highest rates of viral
eradication),’3>4! would limit the ability of patients
with severe cardiac dysfunction to tolerate such
therapy. At this point, we cannot recommend IFN-
based therapy in this group of patients unless in the
setting of a highly monitored clinical trial. In addi-
tion, as in renal allograft recipients, we cannot en-
dorse the use of IFN-based antiviral therapy follow-
ing cardiac transplantation. Such therapy is likely to
place the recipient at risk of allograft rejection.
Given these limitations, the development of well
tolerated and effective non-IFN-based antiviral ther-
apies is eagerly awaited.
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3. HCV Infection and
Lung Transplantation

Little data exist regarding outcomes after lung
transplantation in recipients with pre-existing or de
novo HCV infection. A recent survey of lung trans-
plant centres in the USPY noted that 72% of centres
performed transplants in HCV-infected patients.
Most centres screen potential transplant candidates
for HCV and use liver biopsy data to determine
candidacy. In this survey, approximately one-half of
the programmes used HCV-infected donor organs,
of which most were designated for recipients with
pre-existing HCV.

Data regarding the safety and efficacy of IFN-
based therapy for HCV infection in lung transplant
candidates or recipients are not available. Patients
with advanced lung disease would probably not be
good candidates for pretransplant antiviral therapy
and the risk of allograft rejection would probably
outweigh any benefit of antiviral therapy for HCV in
lung transplant recipients.

4. Natural History of HCV Disecase
Following Liver Transplantation

HCV-related liver disease is the leading indica-
tion for orthotopic liver transplantation (OLT)
worldwide. HCV reinfection after OLT universally
occurs in patients with pretransplantation viraemia
and 50-80% of these patients develop graft hepati-
tis.P® Although most studies demonstrate that graft
and patient survival for the first decade following
OLT appears to be unaffected by the HCV serosta-
tus of the recipient, these analyses were likely to
have been underpowered to detect small differences.
Accordingly, a recent analysis of the United Net-
work for Organ Sharing (UNOS) database>”! dem-
onstrated significantly diminished survival at 5
years following primary OLT in HCV-positive pa-
tients (65.6% vs 56.7% for HCV-negative vs HCV-
positive recipients, respectively).

The natural history of recurrent HCV infection
was described by the King’s College group by com-
paring 1- and 5-year protocol biopsies from OLT
recipients with and without HCV infection.’8! Al-
most 90% of the HCV-infected patients (n = 149)
had chronic hepatitis by 5 years compared with
approximately 20% of the HCV-negative group (n =
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623, in whom allograft hepatitis was predominantly
related to hepatitis B virus [HBV] infection). Of
concern, 20% of the HCV-infected patients had
evidence of allograft cirrhosis at the 5-year protocol
biopsy; therefore, the natural history of HCV infec-
tion appears truncated in OLT recipients compared
with immunocompetent individuals. Although stud-
ies with longer follow-up are required to determine
the proportion of patients who will ultimately de-
velop allograft cirrhosis and graft failure related to
HCYV recurrence, it appears that fewer than 10% of
patients with mild hepatitis at 1-year progress to
allograft cirrhosis at 5 years. In contrast, two-thirds
of patients with at least moderate activity at 1-year
progressed to cirrhosis by 5 years in the King’s
College series. A recent study by Berenguer et al.l>!
evaluated the natural history of post-OLT HCV in-
fection by assessing rate of fibrosis progression. The
median fibrosis progression per year was signifi-
cantly higher than in the immunocompetent setting,
with the median duration to cirrhosis about 10 years.
Variables independently associated with a higher
post-transplantation fibrosis progression included a
transplant in the past 5 years, race other than Cauca-
sian, any number of methylprednisolone boluses and
a higher viral load at transplantation.

What is the natural history of patients who de-
velop allograft cirrhosis? An additional study by the
Valencia group!® evaluated the natural history of
HCV-related graft cirrhosis to define the rate of
clinical decompensation and mortality. Thirty-nine
patients with clinically compensated allograft cir-
rhosis were studied; 18 (46%) developed at least one
episode of decompensation with a mean of approxi-
mately 8 months post development of allograft cir-
rhosis. Compared with the data generated by Fat-
tovich et al.,[°!! this rate was considerably higher
than in nontransplanted patients with cirrhosis.
Moreover, patient survival rates following develop-
ment of allograft decompensation were abysmal:
93%, 61% and 41% at 1, 6 and 12 months, respec-
tively.[®! Variables associated with decompensation
and death included a short interval between OLT
and development of allograft cirrhosis, and a high
Child-Pugh score (>A). The study concluded that if
re-transplantation is considered, it should be per-
formed promptly once decompensation develops.

Drugs 2004; 64 (5)
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4.1 When to Treat?

A study by Gretch et al.'®?l demonstrated that
serum HCV RNA levels in the first 2 weeks follow-
ing OLT were significantly higher among patients
who subsequently developed chronic active hepati-
tis within their allografts versus those patients who
did not. A longitudinal analysis by Gane et al.l®
found that the onset of acute allograft hepatitis was
associated with peak circulating levels of HCV
RNA, which in the majority of patients decreased
over time. Moreover, an analysis of the National
Institute of Diabetes and Digestive and Kidney Dis-
eases (NIDDK) liver transplant database showed the
predictive value of pretransplant viral levels: pa-
tients with circulating HCV RNA levels >1 x 106
eq/mL just before OLT had significantly diminished
graft and patient survival,*#l suggesting that the size
of the viral innoculum is crucial and providing a
rationale for pre-emptive therapy in a subset of
patients. On the basis of these data, some!®! have
suggested that antiviral treatment should be initiated
in patients with high viral loads before histological
recurrence, either before transplantation or within
the first few weeks after transplantation.

Results from several trials using pre-emptive an-
tiviral therapy after transplant but before histologi-
cal recurrence have been unimpressive.%6-681 How-
ever, 15 patients treated before liver transplantation
in a recent pilot study demonstrated multiple, severe
adverse effects and reduction of viral load in only a
minority of patients./® On the other hand, data from
the University of Colorado!’” suggest that a low
accelerating-dose antiviral regimen (starting at
IFNo-2b 1.5MU three times weekly for 2 weeks and
then increased to a standard 3MU three times week-
ly; ribavirin starting at 600 mg/day and increased
every 2 weeks to a maximum total dosage of 1200
mg/day) achieved sustained virologic clearance in
eight of 64 (12.5%) patients awaiting liver trans-
plantation. More importantly, none of the eight pa-
tients who were HCV RNA-negative at the time of
transplant have a recurrence after liver transplanta-
tion. These preliminary data are highly encouraging
and suggest that viral eradication is possible in a
subset of patients with endstage liver disease and
this translates into improved outcome after trans-
plantation.
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Most of the published work has focused on treat-
ment of established recurrence and results with com-
bination IFNa plus ribavirin therapy, while encour-
aging when compared with monotherapy, have un-
derscored the severe adverse effects in a significant
proportion of patients. This problem is particularly
salient when one considers that most of the pub-
lished trials have excluded patients with severe re-
currence, that is, those patients for whom therapy is
most likely to be cost effective.’!! Common adverse
effects of IFNa include a flu-like syndrome, depres-
sion and dose-related myelosuppression. Up to 20%
of liver transplant recipients treated with IFNo re-
quire cessation of the drug because of cytopenias.[’?!
The most frequent adverse effect of ribavirin is
haemolysis, and this is potentiated in liver transplant
patients because of reduced renal clearance as a
result of calcineurin inhibitor-induced nephrotoxici-
ty and HCV-related glomerulonephritis.[”?! A recent
study demonstrated the utility of measuring creati-
nine clearance as a predictor of the need for ribavirin
dosage-adjustments in liver transplant patients.[”’!
However, administration of granulocyte colony-
stimulating factor and erythropoietin may allow re-
institution of full dose antiviral therapy. In pa-
tients treated with combination IFNo plus ribavirin,
intention-to-treat end of treatment response rates
have ranged from 27% to 53% and sustained res-
ponse rates have ranged from 17% to 27%.1>7>76]
Unfortunately, on the average, one-third of patients
are unable to complete treatment because of drug-
related serious adverse events.[”?! Emerging data on
the use of pegylated IFNo. with ribavirin have
shown very encouraging preliminary results in liver
transplant patients.l’”)

4.2 How Long to Treat?

Although most clinicians treat recurrent HCV
according to guidelines for immunocompetent pa-
tients, controlled trials are required to define the
optimal duration of therapy after liver transplanta-
tion. In this regard, a recent study from Italy!’®!
showed an approximately 20% sustained virologic
response rate irrespective of whether the patients
received a 6- or 12-month course of combination
therapy. In contrast, the subset of patients who de-
velop severe cholestatic recurrence may require an

Drugs 2004; 64 (5)
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Fig. 1. A patient with severe cholestatic hepatitis C virus (HCV)
recurrence who cleared HCV RNA with standard interferon-a
(IFNo)-2b plus ribavirin (RIB) treatment; after cessation of antiviral
therapy (D/C), he developed relapse of cholestatic syndrome and
died (reproduced from Gopal and Rosen, with permission from
the American Association for the Study of Liver Diseases). Neg =
negative; Tx = treatment.

indefinite duration of treatment as indicated by our
centre’s own experience!”! (figure 1).

5. Concluding Perspectives

The evolution of our understanding of the natural
history and management of HCV infection in the
solid organ recipient has been rapid in the last dec-
ade. However, our knowledge on the factors identi-
fying patients at increased risk of progression of
underlying liver disease in kidney, heart or lung
recipients, and the severity of recurrence in liver
transplant patients, is incomplete. It is hoped that
effective and ‘safe’ prophylactic and therapeutic
regimens will be developed that alter the natural
history of HCV infection, and diminish the rate of
patient and graft loss.
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