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ABSTRACT

Hepatitis C infection is prevalent in candidates for and recipients of solid organ transplants. In the renal
transplant population, HCV infection has been shown to decrease long-term patient and graft survival. The
outcomes of HCV in recipients of other solid organ transplants are yet to be established and prospective
studies will be needed in the future. In the absence of effective and safe antiviral treatment for HCV in-
fection in renal, heart, and lung transplant recipients, the management of these patients remains a cha-
llenge and has led to an increased focus on identifying and treating hepatitis C in patients prior to
transplantation. Interferon-based therapy for HCV prior transplantation appears to improve outcomes after
transplantation. On the other hand, post-transplant interferon therapy is associated with an increased
risk of graft rejection. Given the paucity of information on HCV treatment in solid organ transplant reci-
pients, there is a great need for large-scale, multi-centre randomized controlled trials to determine the
optimal approach to HCV infection in this population. This article will summarize the current peer-re-
viewed literature focusing on the efficacy of amantadine, ribavirin and both standard and pegylated inter-

feron in the treatment of chronic hepatitis C in renal, transplant recipients.
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INTRODUCTION

It is well reported that recipients of extra-hepatic
solid organ transplants with chronic hepatitis C
(HCV) infection pre-transplant can develop progres-
sive post-transplant liver disease, which is a signifi-
cant cause of morbidity and mortality. Serum liver
biochemical abnormalities are present in 7 to 24 per-
cent of renal transplant (RT) patients, with liver fa-
ilure determined to be the cause of death in 8 to 28
percent of post-renal transplant recipients.!2 The
major concern in these transplant recipients is
the development of a more rapid and aggressive
course of HCV-related infection and liver disease,
due to ongoing immunosuppression to prevent graft
rejection.?* Immunosuppression post organ trans-
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plant has been suggested as a cause of increased he-
patitis C replication in addition to a range of liver-
related complications such as chronic active
hepatitis, fibrosing cholestatic hepatitis, fulminant
liver failure and hepatocellular carcinoma. Studies
have shown that organ transplant recipients with
hepatitis C had significantly worse 10-year graft and
patient survival rates. Avoiding excessive immuno-
suppression is one option to minimize the risk of he-
patitis C reactivation. Other treatment options
include interferon alpha in combination with ribavi-
rin, which have been approved for both initial treat-
ment and treatment of relapse of chronic hepatitis
C, as this has obtained the best results to date.57
The natural history of hepatitis C infection after ex-
tra-hepatic solid organ transplants is still incomple-
tely understood. The treatment of chronic hepatitis
C in this population remains challenging and is an
area that requires ongoing research. This article
will summarize the current peer-reviewed literature
focusing on the efficacy of amantadine, ribavirin and
both standard and pegylated interferon in the treat-
ment of chronic hepatitis C in renal, transplant
recipients.
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HEPATITIS C IN RENAL
TRANSPLANT RECIPIENTS

Renal transplant recipients with chronic hepatitis
C have been studied more extensively than those
who have received heart or lung transplants. The
prevalence of chronic hepatitis C virus in dialysis
patients has been reported to be as high as 10 to
50% in the US.8!1 Among the kidney transplant po-
pulation, the prevalence of chronic hepatitis C infec-
tion is high, ranging between 5% to 46%, depending
on the countries and/or centers, with the frequency
of HCV being much higher among RT patients in
less-developed countries.!?1¢ The prevalence of anti-
HCV-positive patients is influenced by various fac-
tors such as race, geographic origin of the recipient
type (hemodialysis versus peritoneal dialysis) and
duration of dialysis before transplantation, number
of blood transfusions, history of previous trans-
plants, and positivity for HBV infection.!”1® The
long-term impact of chronic HCV infection on renal
transplant is unclear and the data on the outcomes
compared with HCV-negative transplant recipients
remain conflicting, with most studies showing wor-
se graft and patient survival. Certain factors, such
as pre-transplant liver pathology, HCV genotypes,
HCV viral load, and type of immunosuppression
may influence outcomes of HCV-positive transplant
recipients. The impact of immunosuppression on the
progression of HCV liver injury and kidney trans-
plant survival remains uncertain. Earlier studies
showed a worsening of liver disease in HCV-positive
kidney transplant recipients, as immunosuppression
may prevent clearance of the virus, leading to in-
crease HCV replication that would eventually cause
more liver-related disease.!120-22 However, more re-
cent studies have shown relatively slow progression
of liver fibrosis in this population.?2* Morales et al.
found that the survival of HCV-positive renal trans-
plant patients was significantly lower than that of
HCV-negative patients.?26 Post renal transplant,
patients with HCV can have an accelerated progres-
sion of liver disease leading to liver failure, which
was the fourth leading cause of mortality (8-28%) in
long-term survivors after renal transplantation.!
Various investigators have speculated that this de-
creased survival might also be related to an increa-
sed risk of cardiovascular disease, post-transplant
diabetes mellitus, and sepsis.?%2728 As mentioned
above, HCV also has a negative impact on the renal
graft survival. It has been reported that develop-
ment of HCV-related de novo glomerulonephropathy
is likely responsible for the decrease in renal allo-

graft survival in HCV positive patients compared to
HCV negative patients. Furthermore, chronic HCV
infection might also contribute to the development of
chronic allograft nephropathy.2?5:2930 Despite the in-
creased liver-related and sepsis-related deaths in
HCV-positive renal transplant recipients, renal
transplantation does improve overall survival in
HCV+ patients on hemodialysis.?! This is despite
the fact that immunosuppressive therapies adminis-
tered after organ transplantation are responsible for
a significant increase in HCV-viremia.?!33 Therefo-
re, renal transplant remains as the best therapy for
end-stage renal disease patients on renal replace-
ment therapy who are known to be HCV positive.

Currently, treatment of chronic hepatitis C infec-
tion post renal transplant remains unsatisfactory.
Not only are these therapies less effective in the
post transplant setting, they are associated with in-
creased risks of acute renal insufficiency and graft
rejection. Emerging evidence supports that these pa-
tients should be treated prior renal transplantation.
The following review summarizes our current un-
derstanding of management of HCV infection in this
population.

MANAGEMENT OF HEPATITIS C
BEFORE RENAL TRANSPLANTATION

The primary goal of treatment of HCV should be
eradication of the infection. Secondary aims are pre-
vention of decompensated cirrhosis or hepatocellular
carcinoma through sustained viral suppression. Due
to the inherent challenges of treating hepatitis C af-
ter renal transplantation, many experts have advo-
cated initiating hepatitis C treatment prior to renal
transplantation.3437 Studies of dialysis patients who
were successfully treated before transplantation in-
dicated that HCV eradication is maintained after
transplantation. This supports treating dialysis
patients before renal transplantation for the preven-
tion of post-transplant complications. The impetus to
treat HCV prior to renal transplantation is further
supported by concerns that interferon is associated
with an increased risk of graft rejection when used
post renal transplant. In 1998, Rostaing et al. repor-
ted that the clearance of chronic hepatitis C by
interferon was about half as effective in dialysis pa-
tients as compared to non-uremic patients.?® Howe-
ver, other studies have shown that in hemodialysis
patients, treatment with IFN-alpha is associated
with a sustained biochemical and virological respon-
se that ranges from 20 to 90%.3%*2 In one study of
78 HCV-positive patients who underwent renal
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transplantation, 15 were treated with interferon-
alpha for one year prior to transplantation.*? Of
the 15 patients treated with interferon-alpha, 10
(67%) had become HCV-RNA negative by the time of
transplantation. Only one (6.7%) patient subsequen-
tly developed de novo glomerulonephritis post-trans-
plantation, however this patient was HCV-RNA
positive at the time of transplantation. In compari-
son, it was found that only 29% of the 63 non-inter-
feron-treated allograft recipients were HCV-RNA
negative at the time of transplantation, and 12
(19%) developed de novo glomerulonephritis (nine
with membranoproliferative and three with membra-
nous nephropathy, all 12 patients were HCV-RNA
positive at the time of transplantation).*? Further-
more, interferon-alpha treatment of anti-HCV positi-
ve patients undergoing hemodialysis is reported to
have a beneficial effect on the course of liver disease
following renal transplant, regardless of virological
response.*® At present, data on the relapse rate
among renal transplant recipients treated with in-
terferon-alpha for HCV infection prior to transplan-
tation remain limited and controversial. Controlled
studies will be required to evaluate the long-term
effects of this strategy on the course of liver disease,
rates of transplantation, and graft and patient sur-
vival. However, based on available data, experts
have suggested that interferon-alpha treatment be
strongly considered in HCV-infected dialysis pa-
tients who are candidates for renal transplanta-
tion,34-36,44

Peg interferon (peg-IFN) is produced by the addi-
tion of polyethylene glycol to interferon. It has redu-
ced volume of distribution and prolonged half -life.
Therefore, fluctuations in drug levels are avoided
and antiviral efficacy is increased. Unlike standard
interferon, pegylated IFN is effective in patients
with established cirrhosis. At present, there is little
published information on the outcome of treatment
with peginterferon in HCV-infected hemodialysis pa-
tients awaiting renal transplantation. In a study by
Casanovas-Taltavull T, et al., peg-IFN had limited
efficacy in this group, with an end of treatment
(ETR) virologic response (HCV-RNA undetectable at
end of therapy) in 83%, sustained virologic response
(SVR) (HCV RNA undetectable six months post-
therapy) in only 25%, and HCV recurrence in 50%.
Tolerance was moderate, with 4/12 (33%) disconti-
nuing treatment due to adverse events, personal de-
cision, or death.?’ Large randomized controlled
studies are needed to determine the role of peg-IF
treatment in this population. Unlike interferon, ri-
bavirin has usually not been recommended for

patients with a creatinine clearance below 50 mL/
min as it is renally excreted and the drug and its
metabolites are not removed by hemodialysis. There-
fore, use of ribavirin in dialysis patients is associa-
ted with higher risk of severe hemolytic anemia.
However, there is some new evidence supporting the
use ribavirin in moderate to severe renal disease as
long as there is close therapeutic drug monitoring,
dosage adjustment and erythropoietin use should
anemia develop.4647

Combination therapy with IFN-alpha plus ribavi-
rin in HCV-infected dialysis patients has been eva-
luated in several small studies. These demonstrated
that, despite the impaired clearance of ribavirin in
patients with renal insufficiency, the drug could still
be used safely if the dose is adjusted and the hemog-
lobin levels are closely monitored.*8-50

MANAGEMENT OF HCV INFECTION
AFTER RENAL TRANSPLANTATION

Not all renal transplant recipients who are HCV
seropositive after transplant will require antiviral
therapy. Only patients with evidence of chronic liver
injury should be considered. Antiviral therapy for
HCV infection in renal transplant recipients has li-
mited efficacy and can be associated with increased
risk of graft rejection.?®” However, HCV therapy
may need to be considered in the setting of recu-
rrent or progressive HCV-associated glomerulopathy
in the transplant kidney, severe cholestatic hepati-
tis, and advanced histologic stages of liver disease.?863
The following summarizes the available evidence on
the efficacy and tolerability of different treatment
regimens.

AMANTADINE

Amantadine is an oral antiviral agent with immu-
nomodulatory effects with extensive experience in
the treatment of influenza. Several small studies
have reported that oral amantadine can improve
aminotransferase levels in patients with hepatitis
C.5465 In addition, it had been suggested that aman-
tadine may potentiate the antiviral effects of the
combined regimen of interferon-alpha plus ribavirin
in patients with chronic hepatitis C.%6 A pilot study
of nine HCV-positive renal transplant recipients by
Rostaing, et al. reported that amantadine was asso-
ciated with a significant decrease in both ALT and
AST levels, which fell within the normal ranges af-
ter therapy. However, there were no significant
changes in GGT levels or in HCV RNA concentra-
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tion. These authors further concluded that the clini-
cal, renal and hematologic tolerance was found to be
acceptable.6” Similarly, Kamar, et al. found that six
months of amantadine (200 mg per day) was well to-
lerated among HCV-positive renal transplant reci-
pients with some beneficial effect on serum
aminotransferases, but not on HCV RNA levels or
liver histology.58 A small controlled study by Calan-
ca, et al. in 2007 compared ribavirin monotherapy
with combination therapy including amantadine.
The authors reported no significant changes in tran-
saminase levels after treatment in both groups, and
HCV replication was not significantly affected by ei-
ther treatment regimen. Levels of proteinuria were
not affected in either group. The addition of aman-
tadine to ribavirin did not appear to be superior to
ribavirin monotherapy in renal transplant patients
with chronic HCV infection. Moreover, the poor to-
lerance of both ribavirin and amantadine in patients
with impaired renal function resulted in increase
drop-outs and sub-therapeutic drug dosing.%?

Overall, the limited available data suggests that
amantadine appears to be safe and well tolerated in
HCYV positive renal transplant patients; however, it
lacks efficacy. Amantadine improves liver enzymes
but has not been shown to reduce HCV viremia or
improve liver histology. A significant role for aman-
tadine in treatment of HCV in renal transplant reci-
pients is unlikely.

RIBAVIRIN MONOTHERAPY

Ribavirin (1-B-Dribofuranosyl-1,2,4-triazole-3-car-
boxyamide) is a synthetic guanoside analog that in-
hibits viral RNA-dependent RNA polymerase by
depleting intracellular guanosine pools and interfe-
ring with the capping of RNA. Ribavirin monothera-
py may decrease the HCV-related liver injuries by
its immune modulatory properties, even in absence
of an antiviral effect.”? Ribavirin clearance is redu-
ced in patients with renal insufficiency and the drug
and its metabolites are not removed by hemodialysis.
Therefore, ribavirin has traditionally been not re-
commended for patients with a creatinine clearance
below 50 mL/min, due to the risk of severe hemoly-
tic anemia. However, newer evidence does support
its use in moderate to severe renal disease with close
therapeutic drug monitoring, adjusted ribavirin do-
sing in conjunction with erythropoietin use for deve-
lopment of anemia.*647 Experience with ribavirin
monotherapy in transplant recipients has largely
been after liver transplantation, with controversial
results reported regarding the effects of ribavirin on

liver histology.”""3 In the liver transplant literature,
ribavirin monotherapy for chronic HCV infection af-
ter liver transplantation results in decrease in ami-
notransferase levels, with possible liver histology
improvement.” Furthermore, Pham et al. showed
that ribavirin was able to induce complete remission
of de novo HCV-related glomerulonephritis with a
significant reduction in serum creatinine in liver
transplant patients.”? However, there are limited
studies supporting the efficacy of ribavirin monothe-
rapy in renal transplant patients for HCV-related li-
ver disease. In 1997, Garnier et al. treated seven
patients with stable kidney graft function who were
HCV RNA positive; five of them had chronic hepati-
tis on liver biopsy. They were treated with ribavirin
monotherapy 400-800 mg/day for 6 months. On
treatment, four patients (57%) had a biochemical
response, but HCV RNA was undetectable in only
two (29%). Although ribavirin monotherapy failed
to clear HCV RNA in renal transplant recipients, at
least half of the patients (57%) had a decrease in
HCV RNA viral load by 70 to 82%, and the treat-
ment was not associated with any significant graft
dysfunction. No information on outcome was provi-
ded after 6-month of ribavirin monotherapy. The
only significant side effect was the occurrence of
transient mild hemolytic anemia, which resolved af-
ter therapy was tapered.”

In 2003, Kamar, et al. evaluated the biochemical,
virological, histological efficacies, as well as the
safety of one year ribavirin monotherapy in renal
transplant patients with HCV. Sixteen patients in
the study group (32 patients in control ) were star-
ted on ribavirin 1000 mg daily, with further doses
adjustment based on hemoglobin levels. Ribavirin
monotherapy was associated with a significant de-
crease in AST, ALT and gamma glutamyl transpep-
tidase levels. Serum creatinine decreased as well,
but without significant reduction in HCV viremia.
On liver biopsy, there was a significant progression
in liver fibrosis with no improvement in inflamma-
tion scores. In terms of side effects, there was a sig-
nificant decrease in hemoglobin levels, despite the
use of erythropoietin. Three patients (19%) required
discontinuation of ribavirin therapy. The conclusion
of this study was that ribavirin monotherapy in RT
patients with HCV has no impact upon liver histolo-
gy, although it improves liver enzymes.”® In 2004,
Fontaine et al. studied thirteen kidney transplant
recipients with detectable HCV RNA and severe his-
tologic injury on liver biopsy who were treated with
ribavirin for a median duration of 22 months (with
no control group). Although no virological response
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was found, there was a significant improvement in
biochemical parameters and the fibrosis score was
improved in five of thirteen (38%) patients. In addi-
tion, no severe adverse effects were seen and
erythropoietin treatment was required for only one
patient with anemia secondary to ribavirin.”® Simi-
lar findings were reported in subsequent studies by
Karaca et al. and Sharma, et al. Renal transplant
recipients with detectable HCV RNA and persistent-
ly elevated aminotransferases were treated with ri-
bavirin monotherapy. Although a majority of the
patients showed biochemical response, none de-
monstrated virological response and liver histology
was not evaluated in these studies. Hemolytic ane-
mia remained as a significant side effect.?®77

Based on these results, ribavirin monotherapy ap-
peared to have some biochemical efficacy in renal
transplant recipients with HCV. The efficacy on li-
ver histology remains controversial and further stu-
dies with larger cohorts are still needed to assess
the impact of ribavirin on liver histopatholo-
gy.2475,76,78 In addition, ribavirin monotherapy mig-
ht improve the level of proteinuria in renal
transplant recipients with HCV-related de novo glo-
merulopathy; however, only a small number of pa-
tients were assessed in these studies.”™ Because of its
significant side effect (i.e. hemolytic anemia) and li-
mited efficacy, ribavirin monotherapy is currently
not recommended in the management of HCV disea-
se in kidney transplant recipients.

INTERFERON EFFICACY
AND GRAFT DYSFUNCTION

Currently, the combination of pegylated-interfe-
ron-alpha and ribavirin is the mainstay treatment
for hepatitis C in patients with normal renal func-
tion.%7 In the HCV-positive renal transplant popula-
tion, this treatment may be associated with addition
complications. Since these patients receive mainte-
nance immunosuppression that might lead to in-
crease HCV RNA concentration in the serum, these
patients have a significantly higher HCV viremia
than pre-transplant values.>” The use of interferon-
alpha after renal transplantation in fact has been
complicated by the onset of acute rejection, thus li-
miting its use in this population. The mechanism of
IFN-induced rejection after RT remains unknown.
In vitro observations have reported that IFN could
produce cell-surface expression of HLA antigens
with induction of cytokine gene expression and
subsequent stimulation of antibody production. Fur-
thermore, IFN may enhance donor specific antibo-

dies production, inhibition of prostaglandin synthe-
sis leading to immunologically mediated nephropa-
thy, or stimulation of antibody production by B
cells. The use of IFN-alpha as immunoprophylaxis
of cytomegalovirus (CMV) infection in renal trans-
plant recipients in the 1980’s was associated with a
high incidence of steroid-resistant allograft rejection
resulting in graft loss. Graft rejection, found in
about 50% of patients, was mainly related to acute
vascular rejection.8%8! Importantly, in addition to its
antiviral activity, IFN-alpha exerts anti-proliferative
and immunomodulatory properties which have been
associated with an increased risk of inducing or faci-
litating acute steroid-resistant rejection in allograft
recipients.?

Over the last decade, IFN monotherapy has been
used to treat HCV-positive RT recipients. In these
studies, about half of the patients showed improve-
ment in aminotransferases with interferon therapy
and about 25 % lost HCV RNA, but only a minority
with a sustained virological response.5%:60.:83-85 A con-
cerning feature was that acute cellular or humoral
rejection appeared to be more frequent among alpha
IFN treated patients, and in many series instances
of renal failure and graft loss (despite aggressive im-
munosuppressive therapy) were common.52-5457 In
2006, Fabrizi, et al. performed a meta analysis of 12
trials (102 patients) to evaluate the safety and effi-
cacy of interferon in renal transplant patients with
hepatitis C. The primary outcome of interest was
sustained virological response (SVR) and/or drop
out rate. SVR was a measure of efficacy, defined as
disappearance of HCV viremia (HCV-RNA) by PCR
at least 6 months after completion of therapy. An
additional outcome was the sustained biochemical
response (SBR), defined as the normalization of ALT
levels at least 6 months after the completion of the-
rapy.?® This study found that the mean overall esti-
mate for SVR in HCV-positive RT recipients treated
with IFN monotherapy was 12.0%; this response
was similar to that typically reported in non-uremic
patients with chronic hepatitis C. However, this
meta-analysis also demonstrated that graft dysfunc-
tion occurred in nearly one-third of RT recipients
and they were frequently irreversible and steroid-re-
sistant. The association of acute renal failure and
graft rejection in renal transplant recipients treated
with interferon for chronic hepatitis C documented
by many studies has led to the recommendation that
patients with a renal transplant should not be given
interferon alpha.555.67.86

Therefore, the limited efficacy of IFN-alpha, toge-
ther with its high cost, risk of acute rejection and
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side-effects have diminished the enthusiasm for its
use in renal transplant recipients with chronic HCV
infection. Interferon treatment may be considered
for select patients with worsening chronic active he-
patitis (e.g. advanced fibrosis/cirrhosis or fibrosing
cholestatic hepatitis C) and HCV-related glomerular
disease after renal transplantation.??87-89 The poten-
tial benefits of IFN therapy after RT should be weig-
hed carefully against the risk of graft rejection and
the decision should be made on an individual basis.

INTERFERON AND
RIBAVIRIN COMBINATION THERAPY

There has been limited experience with the use of
interferon and ribavirin combination in the treat-
ment of chronic hepatitis C in renal transplant (RT)
recipients. Currently, in the non-transplant setting,
peginterferon and ribavirin (see next section) is the
only licensed therapy and standard of care.
The addition of ribavirin to peg-interferon(IFN)-alpha is
superior to peg-IFN monotherapy, with a higher
sustained virological response rate (SVR), from 29%
(peg-IFN monotherapy) to 56% (peg-IFN and
RBV).%7 Some investigators have suggested that the
addition of ribavirin to interferon in the treatment
of transplant recipients has the potential of increa-
sing the rates of sustained virological response, whi-
le also protecting against allograft rejection, as
postulated in liver transplant recipients.? Ribavirin
is known to exert an inhibitory effect on pro-inflam-
matory Th2 cytokine responses that might partially
ameliorate the detrimental immunological actions of
interferon on graft function.5%°1 Recently, there
have been a few case reports reporting successful
treatment of chronic hepatitis C in renal transplant
recipients with interferon and ribavirin.69-63.85.92 In
one report, Zeman, et al. presented a HCV-positive
renal transplant recipient with deteriorating renal
function and proteinuria secondary to recurrent
membranoproliferative glomerulonephropathy. This
patient was successfully treated with a post-trans-
plant course of interferon-alpha and ribavirin com-
bination therapy. Immunosuppression consisted of
tacrolimus, mycophenolate and prednisone. Despite
HCV clearance, which was sustained over two
years, symptomatic cryoglobulinemia continued.®!
Based on these case studies, combination therapy of
interferon and ribavirin might be a treatment option
for carefully selected HCV positive renal transplant
recipients, provided that adequate immunosuppres-
sion is maintained and they are carefully monito-
red.60.61

In 2003, Tang, et al. reported on the use of IFN-
alpha plus ribavirin to treat four HCV positive re-
nal-transplant patients.® These four patients
developed sub-acute HCV infections in the first four
months following renal transplantation. The disease
was so severe that they treated these patients with
48 weeks of IFN-alpha-2b plus ribavirin. Three pa-
tients (75%) showed clearance of the HCV virus
without any change in their renal function, with
sustained virological and biochemical remission
(SVR and SBR). The median time from initiation of
treatment to ALT normalization was 8 weeks. The
fourth patient was a non-responder infected with ge-
notype 1b, with dose-dependent hemolysis as the
most frequent side-effect, requiring ribavirin dosing
adjustment or temporary discontinuation. None of
these patients developed allograft dysfunction. Based
on this study, the use of interferon and ribavirin
could be considered in selected renal transplant reci-
pients with severe acute hepatitis C infection.

In 2004, Shu, et al. reported their success in trea-
ting 11 renal transplant recipients with active hepa-
titis C with “ultra-low dose” interferon-alpha (1 x
10 units subcutaneously three times/week) and riba-
virin (600 mg/day). After 48 weeks of treatment, all
patients except one (91%) had a biochemical respon-
se, with normalization of serum ALT level at a me-
dian of 1.1 months post-treatment. Five patients
(45%) were HCV RNA negative at the end of treat-
ment, while three (27%) had a sustained virological
response. No histopathologic data was reported, as
no liver biopsies were taken. Only one patient (9%)
terminated the treatment due to acute graft failure,
who was subsequently treated using methylpredni-
solone with restoration of graft function. The au-
thors concluded that ultra-low dose interferon-alpha
and ribavirin was relatively safe for the treatment of
chronic HCV infection in renal transplant reci-
pients, with a significant portion of patients achie-
ving a sustained biochemical and virological
response.? In 2006, Sharma, et al. administered in-
terferon and ribavirin combination therapy to six
renal transplant recipients with markedly elevated
liver enzymes secondary to underlying hepatitis C.
The mean ALT levels decreased significantly (from
280.2 = 114.9 IU/L at baseline to 71 = IU/L at end
of therapy; p < 0.05). Two patients had sustained
remission (33%) on therapy (persistently negative
HCV-RNA), and two patients relapsed after initial
remission. In total, four patients developed graft
dysfunction (66%), but only two (33%) required
their therapy discontinued. This study showed that
although IFN therapy in combination with ribavirin
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can be effective in sustaining virological remission
in one-third of patients, it is poorly tolerated, resul-
ting in graft dysfunction in significant numbers of
patients. In addition, relapse can occur after discon-
tinuation of treatment.58

PEGYLATED INTERFERON

Pegylation of interferon-alpha (peginterferon,
peglFN) is produced by the addition of multiple
polyethylene glycol moieties to a parent drug molecule.
This larger pegylated interferon molecule has a
reduced volume of distribution and prolonged half-
life, enabling once weekly administration. Peginter-
feron has fewer side effects and better antiviral
efficacy. Furthermore, viral clearance occurs more
rapidly than the standard interferon therapy in
most responders. In patients without end-stage re-
nal disease, peglFN has a sustained response rate of
39%, more than double the rate of standard IFN.
Unlike regular IFN, peglFN does not undergo ex-
tensive renal clearance and should be safe in dialy-
sis patients. Although prior studies have reported a
high incidence of graft rejection in HCV-positive re-
nal transplant recipients treated with non-pegylated
interferon, it is uncertain whether this holds true
for pegylated interferon. Antigenicity and immuno-
genicity may be decreased secondary to the “water-
cloud” effect of pegylation.6263.93 However, only
limited studies have evaluated the use of pegIFN for
the renal transplant population.

One study switched three patients from IFN to
peg IFN during treatment, without development of
renal allograft rejection.5* This retrospective study
by Baid, et al. identified twelve HCV positive renal
transplant recipients who had been treated with in-
terferon (1.5 to 3 million units three times weekly)
plus/minus ribavirin (200 to 800 mg/day) for biopsy
proved chronic hepatitis C. In three patients, inter-
feron was subsequently changed to pegIFN at a dose
of 1-1.5 ug/kg once weekly. These patients who were
switched to peglFN were also treated with ribavirin,
and did not develop any graft rejection. However, it
is unclear from the study at which point the pa-
tients were switched to peglFN, and how long this
drug was continued. Recently, Mukherjee, et al. re-
ported a patient with combined liver/kidney trans-
plant (for decompensated cirrhosis from HCV
genotype 1 complicated by hepatorenal syndrome re-
quiring hemodialysis) who maintained normal renal
function during treatment of recurrent HCV with
pegylated interferon-2a 180 ug/week and ribavirin
1,200 mg/day for 48 weeks. Immunosuppression was

maintained with tacrolimus and prednisone. No ad-
verse effects were reported and renal function remai-
ned normal. At three months, the aminotransferases
normalized and HCV RNA was undetectable. The
biochemical and virological response were sustained
at the end of treatment and six months afterwards.
The patient continued to have normal liver tests and
serum creatinine and remained HCV RNA negative
eighteen months after treatment.®® Montalbano, et
al. reported a case of a 57 year old male with a liver/
kidney transplant who underwent successful treat-
ment of cryoglobulinemia with pegylated interferon
and ribavirin. He underwent combined liver and kid-
ney transplant for cirrhosis secondary to HCV 1b in-
fection and  nephrotic  syndrome  from
cryoglobulinemic glomerulosclerosis and diabetic ne-
phropathy. Six months after transplantation, liver
enzymes were increasing with a positive HCV RNA
and liver biopsy showing recurrence of chronic hepa-
titis. Cryoglobulinemia appeared concurrently with
burning ulcerations of the lower extremities. Unfor-
tunately, plasmapheresis was poorly tolerated. IFN
monotherapy had been used but was discontinued at
24 weeks due to lack of response. Once peginterferon
alpha-2b (1 pwg/kg/wk) and ribavirin (400 mg daily)
was started, LF'Ts normalized by the end of the first
month and stabilized. HCV-RNA also became unde-
tectable and a sustained virological response was
achieved. In addition, leg ulcers rapidly healed by
the second month of treatment. Immunosuppression
was maintained with tacrolimus. Ribavirin dose ad-
justment to 200 mg/day and erythropoietin were re-
quired one month after treatment because of anemia
(hemoglobin 102) 1 month after beginning therapy.
Hemoglobin, white blood cell count and platelets re-
turned to pretreatment levels after completion of
therapy.®? Both these case reports involved patients
with combined liver/kidney transplants. Although
peg-interferon plus/minus ribavirin appeared to be
superior to interferon monotherapy it is unclear
whether this applies to patients with isolated kidney
transplants. Carbognin, et al. reported a case of
acute renal allograft rejection following pegIlFN-al-
pha for chronic HCV.%¢ This report features the case
of a repeat allograft recipient who presented with
neutropenic fevers after 5 months of peginterferon-
alpha therapy, initiated 6 months after the functio-
nal loss of his third graft and the re-initiation of
hemodialysis. The dose of Peginterferon-alpha 2b
used in this patient was 1.5 ug/kg weekly, since at
the time of treatment there were no data to suggest
optimal dosing in end-stage renal disease. Current-
ly, the manufacturer recommends a 50% dose reduc-
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tion for patients on dialysis. Therefore, it is possible
that the patient was treated with too high a dose,
contributing to graft rejection. It is also possible
that allograft rejection in this case was unrelated to
interferon use, although other potential factors were
not identified. In addition, allograft rejection occu-
rred after the patient had been tapered off all his im-
munosuppressants. Currently, there are limited data
to support the use of pegylated-interferon alone or
with other antiviral agents in the treatment of chro-
nic HCV in renal transplant recipients.

SUMMARY

Despite the wide-spread use of interferon-based
therapy in combination with ribavirin for the treat-
ment of chronic hepatitis C in the non-transplant
population, supported by robust phase 2, 3 and post-
marketing clinical studies, there is a marked scarci-
ty of both clinical studies and clinical experience in
the pre-and post-renal transplant setting. The lack
of robust clinical studies makes an evidence-based
approach to treating these patients difficult. Based
on our review, it may be reasonable to attempt to
clear HCV pre-transplant while these patients are
on dialysis. The inability to use ribavirin in this set-
ting, however, handicaps the likelihood of a sustai-
ned virologic response. In the post transplant
setting, it is clear that amantadine and ribavirin
monotherapy are not clinically efficacious and their
use most likely cannot be recommended. The use of
interferon alpha post-renal transplant is associated
with a very real risk of precipitating acute graft re-
jection. The risk of graft rejection with peg-interfe-
ron in combination with ribavirin, however, is not
clear and it may be that select patients who are mo-
nitored vigilantly may benefit. The likelihood of a
sustained virologic response in this setting is still
disappointing. Whether the new protease and poly-
merase inhibitor agents that are currently undergo-
ing phase 2 and 3 studies, in combination with
peg-interferon and ribavirin, will be studied in the
post-transplant setting any time in the near future
remains to be seen.

ABBREVIATIONS

e HCV: Hepatitis C virus.

* peg-IFN: Peg-interferon

e SVR: Sustained virologic response.
e RT: Renal transplant.

e HT: Heart transplant.

e LT: Lung transplant
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11.
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14.

15.

16.

17.

18.

19.

20.

HBV: Hepatitis B virus.

HCV-RNA: Hepatitis C ribonucleic acid.
ALT: Alanine Transaminase.

AST: Aspartate aminotransferase.

GGT: Gamma-glutamyl transpeptidase.
ETR: End of treatment response.

REFERENCES

Pereira BJ, Levey AS. Hepatitis C virus infection in dialysis and
renal transplantation. Kidney Int 1997; 51: 981-99.

Pereira BJ. Hepatitis C infection and post-transplantation
liver disease. Nephrol Dial Transplant 1995; 10(Suppl. 1):
58-67.

Fishman JA, Rubin RH, Koziel MJ, Periera BJ. Hepatitis C virus
and organ transplantation. Transplantation 1996; 62: 147-54.
Fabrizi F, Poordad FF, Martin P. Hepatitis C infection and
the patient with end-stage renal disease. Hepatology 2002;
36: 3-10.

Sherman M, Shafran S, Burak K, et al. Management of chronic
hepatitis B: consensus guidelines. Can J Gastroenterol 2007;
21(Suppl C): 5C-24C.

Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon
alfa-2b plus ribavirin compared with interferon alfa-2b plus ri-
bavirin for initial treatment of chronic hepatitis C: a randomi-
sed trial. Lancet 2001; 358: 958-65.

Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a
plus ribavirin for chronic hepatitis C virus infection. N Engl J
Med 2002; 347: 975-82.

Fabrizi F, Martin P, Ponticelli C. Hepatitis C virus infection
and renal transplantation. Am J Kidney Dis 2001; 38: 919-34.
Morales JM, Campistol JM, Dominguez-Gil B. Hepatitis C virus
infection and kidney transplantation. Semin Nephrol 2002;
22: 365-74.

Hammoud H, Haem J, Laurent B, et al. Glomerular disease du-
ring HCV infection in renal transplantation. Nephrol Dial
Transplant 1996; 11(Suppl 4): 54-5.

Legendre C, Garrigue V, Le Bihan C, et al. Harmful long-term
impact of hepatitis C virus infection in kidney transplant reci-
pients. Transplantation 1998; 65: 667-70.

Periera BJ, Wright TL, Schmid CH, Levey AS. The impact of
pretransplantation hepatitis C infection on the outcome of
renal transplantation. Transplantation 1995; 60: 799-805.
Huang CC, Liaw YF, Lai MK, Chu SH, Chuang CK, Huang JY. The
clinical outcome of hepatitis C virus antibody-positive renal
allograft recipients. Transplantation 1992; 53: 763-5.

Roth D. Hepatitis C virus: the nephrologist’s view. Am J Kid-
ney Dis 1995; 25: 3-16.

Ponz E, Campistol JM, Barrera JM, et al. Hepatitis C virus anti-
bodies in patients on hemodialysis and after kidney transplan-
tation. Transplant Proc 1991; 23: 1371-2.

Stempel CA, Lake J, Kuo G, Vincenti F. Hepatitis C—its
prevalence in end-stage renal failure patients and clinical
course after kidney transplantation. Transplantation
1993; 55: 273-6.

Berthoux F. Hepatitis C virus infection and disease in renal
transplantation. Nephron 1995; 71: 386-94.

Chan TM, Lok AS, Cheng IK. Hepatitis C in renal transplant re-
cipients. Transplantation 1991; 52: 810-3.

Klauser R, Franz M, Traindl O, et al. Hepatitis C antibody in
renal transplant patients. Transplant Proc 1992; 24: 286-8.
Zylberberg H, Nalpas B, Carnot F, et al. Severe evolution of
chronic hepatitis C in renal transplantation: a case control
study. Nephrol Dial Transplant 2002; 17: 129-33.



Treatment issues surrounding hepatitis C in renal transplantation: A review. AnnAls of fepatology, 2011; 10 (1): 5-14

13

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

. Roth D, Zucker K, Cirocco R, et al. A prospective study of he-

patitis C virus infection in renal allograft recipients. Trans-
plantation 1996; 61: 886-9.

Pereira BJ, Milford EL, Kirkman RL, Levey AS. Transmission of
hepatitis C virus by organ transplantation. N Engl J Med
1991; 325: 454-60.

Alric L, Di-Martino V, Selves J, et al. Long-term impact of renal
transplantation on liver fibrosis during hepatitis C virus infec-
tion. Gastroenterology 2002; 123: 1494-9.

Kamar N, Rostaing L, Selves J, et al. Natural history of hepati-
tis C virus-related liver fibrosis after renal transplantation.
Am J Transplant 2005; 5: 1704-12.

Morales JM, Campistol JM. Transplantation in the patient with
hepatitis C. J Am Soc Nephrol 2000; 11: 1343-53.

Morales JM, Dominguez-Gil B, Sanz-Guajardo D, Fernandez J,
Escuin F. The influence of hepatitis B and hepatitis C virus in-
fection in the recipient on late renal allograft failure. Nephrol
Dial Transplant 2004; 19(Suppl. 3): iii72-6.

Younossi ZM, Braun WE, Protiva DA, Gifford RW, Jr., Straffon
RA. Chronic viral hepatitis in renal transplant recipients with
allografts functioning for more than 20 years. Transplanta-
tion 1999; 67: 272-5.

Fabrizi F, Martin P, Dixit V, Bunnapradist S, Kanwal F, Dulai G.
Post-transplant diabetes mellitus and HCV seropositive status
after renal transplantation: meta-analysis of clinical studies.
Am J Transplant 2005; 5: 2433-40.

Cosio FG, Sedmak DD, Henry ML, et al. The high prevalence of
severe early posttransplant renal allograft pathology in hepa-
titis C positive recipients. Transplantation 1996; 62: 1054-9.

Morales JM, Campistol JM, Andres A, Rodicio JL. Glomerular di-
seases in patients with hepatitis C virus infection after renal
transplantation. Curr Opin Nephrol Hypertens 1997; 6: 511-5.
Knoll GA, Tankersley MR, Lee JY, Julian BA, Curtis JJ. The im-
pact of renal transplantation on survival in hepatitis C-positi-
ve end-stage renal disease patients. Am J Kidney Dis 1997;
29: 608-14.

Pereira BJ, Natov SN, Bouthot BA, et al. Effects of hepatitis C
infection and renal transplantation on survival in end-stage
renal disease. The New England Organ Bank Hepatitis C Study
Group. Kidney Int 1998; 53: 1374-81.

Maluf DG, Fisher RA, King AL, et al. Hepatitis C virus infection
and kidney transplantation: predictors of patient and graft
survival. Transplantation 2007; 83: 853-7.

Tokumoto T, Tanabe K, Ishikawa N, et al. Effect of interferon-
alpha treatment in hemodialysis patients and renal transplant
recipients with chronic hepatitis C. Transplant Proc 1999; 31:
2887-9.

Espinosa M, Rodriguez M, Martin-Malo A, et al. Interferon
therapy in hemodialysis patients with chronic hepatitis C
virus infection induces a high rate of long-term sustained
virological and biochemical response. Clin Nephrol 2001;
55: 220-6.

Cruzado JM, Casanovas-Taltavull T, Torras J, Baliellas C, Gil-
Vernet S, Grinyo JM. Pretransplant interferon prevents hepa-
titis C virus-associated glomerulonephritis in renal allografts
by HCV-RNA clearance. Am J Transplant 2003;3:357-60.

Fabrizi F, Martin P, Bunnapradist S. Treatment of chronic viral
hepatitis in patients with renal disease. Gastroenterol Clin
North Am 2004; 33: 655-70, xi.

Rostaing L, Chatelut E, Payen JL, et al. Pharmacokinetics of
alphalFN-2b in chronic hepatitis C virus patients undergoing
chronic hemodialysis or with normal renal function: clinical im-
plications. J Am Soc Nephrol 1998; 9: 2344-8.

Koenig P, Vogel W, Umlauft F, et al. Interferon treatment for
chronic hepatitis C virus infection in uremic patients. Kidney
Int 1994; 45: 1507-9.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Pol S, Thiers V, Carnot F, et al. Efficacy and tolerance of al-
pha-2b interferon therapy on HCV infection of hemodialyzed
patients. Kidney Int 1995; 47: 1412-8.

Izopet J, Rostaing L, Moussion F, et al. High rate of hepatitis
C virus clearance in hemodialysis patients after interferon-al-
pha therapy. J Infect Dis 1997; 176: 1614-7.

Degos F, Pol S, Chaix ML, et al. The tolerance and efficacy of
interferon-alpha in haemodialysis patients with HCV infection:
a multicentre, prospective study. Nephrol Dial Transplant
2001; 16: 1017-23.

Campistol JM, Esforzado N, Martinez J, et al. Efficacy and to-
lerance of interferon-alpha(2b) in the treatment of chronic
hepatitis C virus infection in haemodialysis patients. Pre- and
post-renal transplantation assessment. Nephrol Dial Trans-
plant 1999; 14: 2704-9.

Casanovas. Interferon may be useful in hemodialysis patients
with hepatitis C virus chronic infection who are candidates
for kidney transplant. Transplant Proc 1995; 27: 2229.
Casanovas-Taltavull T, Baliellas C, Benasco C, et al. Efficacy of
interferon for chronic hepatitis C virus-related hepatitis in ki-
dney transplant candidates on hemodialysis: results after
transplantation. Am J Gastroenterol 2001; 96: 1170-7.
Bruchfeld A, Stahle L, Andersson J, Schvarcz R. Ribavirin
treatment in dialysis patients with chronic hepatitis C virus
infection—a pilot study. J Viral Hepat 2001; 8: 287-92.
Bruchfeld A, Lindahl K, Stahle L, Soderberg M, Schvarcz R. In-
terferon and ribavirin treatment in patients with hepatitis C-
associated renal disease and renal insufficiency. Nephrol Dial
Transplant 2003; 18: 1573-80.

Sporea |, Sirli R, Golea O, Totolici C, Danila M, Popescu A. Peg-
Interferon Alfa 2a (40kDa) in patients on chronic haemodialy-
sis with chronic C hepatitis. Preliminary results. Rom J
Gastroenterol 2004; 13: 99-102.

Bruchfeld A, Lindahl K, Reichard O, Carlsson T, Schvarcz R. Pe-
gylated interferon and ribavirin treatment for hepatitis C in
haemodialysis patients. J Viral Hepat 2006; 13: 316-21.
Kokoglu OF, Ucmak H, Hosoglu S, et al. Efficacy and tolerability
of pegylated-interferon alpha-2a in hemodialysis patients with
chronic hepatitis C. J Gastroenterol Hepatol 2006; 21: 575-80.
Ozgur O, Boyacioglu S, Telatar H, Haberal M. Recombinant al-
pha-interferon in renal allograft recipients with chronic hepa-
titis C. Nephrol Dial Transplant 1995; 10: 2104-6.

Rostaing L, Modesto A, Baron E, Cisterne JM, Chabannier MH,
Durand D. Acute renal failure in kidney transplant patients
treated with interferon alpha 2b for chronic hepatitis C. Ne-
phron 1996; 74: 512-6.

Kakimoto K, Takahara S, Kokado Y, et al. [A case of allograft
rejection induced by the interferon-alpha therapy to hepati-
tis type C after renal transplantation]. Hinyokika Kiyo 1994;
40: 529-32.

Baid S, Tolkoff-Rubin N, Saidman S, et al. Acute humoral rejec-
tion in hepatitis C-infected renal transplant recipients recei-
ving antiviral therapy. Am J Transplant 2003; 3: 74-8.

Fabrizi F, Martin P, et al. Management of hepatitis B and C vi-
rus infection before and after renal transplantation. Curr
Opin Organ Transplant 2006; 11: 583.

Therret E, Pol S, Legendre C, Gagnadoux MF, Cavalcanti R,
Kreis H. Low-dose recombinant leukocyte interferon-alpha
treatment of hepatitis C viral infection in renal transplant re-
cipients. A pilot study. Transplantation 1994; 58: 625-8.
Magnone M, Holley JL, Shapiro R, et al. Interferon-alpha-indu-
ced acute renal allograft rejection. Transplantation 1995; 59:
1068-70.

Sharma RK, Bansal SB, Gupta A, Gulati S, Kumar A, Prasad N.
Chronic hepatitis C virus infection in renal transplant: treat-
ment and outcome. Clin Transplant 2006; 20: 677-83.



Edward Kim, et al. Anvais of Hlepalolosy, 2011; 10 (1): 5-14

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Shu KH, Lan JL, Wu MJ, et al. Ultralow-dose alpha-interferon
plus ribavirin for the treatment of active hepatitis C in renal
transplant recipients. Transplantation 2004; 77: 1894-6.
Tang S, Cheng IK, Leung VK, et al. Successful treatment of he-
patitis C after kidney transplantation with combined interfe-
ron alpha-2b and ribavirin. J Hepatol 2003; 39: 875-8.

. Zeman M, Campbell P, Bain VG. Hepatitis C eradication and im-

provement of cryoglobulinemia-associated rash and membra-
noproliferative  glomerulonephritis with interferon and
ribavirin after kidney transplantation. Can J Gastroenterol
2006; 20: 427-31.

Montalbano M, Pasulo L, Sonzogni A, Remuzzi G, Colledan M,
Strazzabosco M. Treatment with pegylated interferon and ri-
bavirin for hepatitis C virus-associated severe cryoglobuline-
mia in a liver/kidney transplant recipient. J Clin
Gastroenterol 2007; 41: 216-20.

Mukherjee S, Ariyarantha K. Successful Hepatitis C Eradica-
tion With Preservation of Renal Function in a Liver/kidney
Transplant Recipient Using Pegylated Interferon and Ribavirin.
Transplantation 2007; 84: 1374-5.

Smith JP. Treatment of chronic hepatitis C with amantadine.
Dig Dis Sci 1997; 42: 1681-7.

Tabone M, Ercole E, Zaffino C, Sallio Bruno F, Pera A, Bonino F.
Amantadine hydrochloride decreases serum ALT activity
without effects on serum HCV-RNA in chronic hepatitis C pa-
tients. Ital J Gastroenterol Hepatol 1998; 30: 611-3.

Brillanti S, Foli M, Di Tomaso M, Gramantieri L, Masci C, Bolondi
L. Pilot study of triple antiviral therapy for chronic hepatitis C
in interferon alpha non-responders. Ital J Gastroenterol He-
patol 1999; 31: 130-4.

Rostaing L. Treatment of hepatitis C virus infection after re-
nal transplantation: new insights. Nephrol Dial Transplant
2000; 15(Suppl 8): 74-6.

Kamar N, Rostaing L, Sandres-Saune K, Ribes D, Durand D, Izo-
pet J. Amantadine therapy in renal transplant patients with
hepatitis C virus infection. J Clin Virol 2004; 30: 110-4.
Calanca LN, Fehr T, Jochum W, et al. Combination therapy
with ribavirin and amantadine in renal transplant patients
with chronic hepatitis C virus infection is not superior to ri-
bavirin alone. J Clin Virol 2007; 39: 54-8.

Adinolfi LE, Andreana A, Utili R, Zampino R, Ragone E, Ruggiero
G. HCV RNA levels in serum, liver, and peripheral blood mono-
nuclear cells of chronic hepatitis C patients and their relatio-
nship to liver injury. Am J Gastroenterol 1998; 93: 2162-6.
Gane EJ, Tibbs CJ, Ramage JK, Portmann BC, Williams R. Riba-
virin therapy for hepatitis C infection following liver trans-
plantation. Transpl Int 1995; 8: 61-4.

Pham HP, Feray C, Samuel D, et al. Effects of ribavirin on he-
patitis C-associated nephrotic syndrome in four liver trans-
plant recipients. Kidney Int 1998; 54: 1311-9.

Cattral MS, Hemming AW, Wanless IR, et al. Outcome of long-
term ribavirin therapy for recurrent hepatitis C after liver
transplantation. Transplantation 1999; 67: 1277-80.

Garnier JL, Chevallier P, Dubernard JM, Trepo C, Touraine JL,
Chossegros P. Treatment of hepatitis C virus infection with ribavi-
rin in kidney transplant patients. Transplant Proc 1997; 29: 783.
Kamar N, Sandres-Saune K, Selves J, et al. Long-term ribavirin
therapy in hepatitis C virus-positive renal transplant pa-
tients: effects on renal function and liver histology. Am J Kid-
ney Dis 2003; 42: 184-92.

Fontaine H, Vallet-Pichard A, Equi-Andrade C, et al. Histopatholo-
gic efficacy of ribavirin monotherapy in kidney allograft reci-
pients with chronic hepatitis C. Transplantation 2004; 78: 853-7.
Karaca C, Besisik F, Akyuz F, Dincer D, Sever MS, Okten A. Ri-
bavirin treatment in patients with chronic hepatitis C infec-
tion who had renal transplantation. Dig Surg 2005; 22: 113.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Fontaine. Histopathological efficacy of ribavirin monotherapy
in hepatitis C virus positive renal transplant patients. Trans-
plantation 2005; 79: 1771.

Rostaing L, Izopet J, Sandres K, Cisterne JM, Puel J, Durand D.
Changes in hepatitis C virus RNA viremia concentrations in
long-term renal transplant patients after introduction of
mycophenolate mofetil. Transplantation 2000; 69: 991-4.
Kramer P, ten Kate FW, Bijnen AB, Jeekel J, Weimar W. Re-
combinant leucocyte interferon A induces steroid-resistant
acute vascular rejection episodes in renal transplant reci-
pients. Lancet 1984; 1: 989-90.

Kovarik J, Mayer G, Pohanka E, et al. Adverse effect of low-
dose prophylactic human recombinant leukocyte interferon-al-
pha treatment in renal transplant recipients.
Cytomegalovirus infection prophylaxis leading to an increased
incidence of irreversible rejections. Transplantation 1988;
45:402-5.

Black M, Peters M. Alpha-interferon treatment of chronic he-
patitis C: need for accurate diagnosis in selecting patients.
Ann Intern Med 1992; 116: 86-8.

Durlik M, Gaciong Z, Rowinska D, et al. Long-term results of
treatment of chronic hepatitis B, C and D with interferon-al-
pha in renal allograft recipients. Transpl Int 1998; 11(Suppl.
1): S135-9.

Toth CM, Pascual M, Chung RT, et al. Hepatitis C virus-asso-
ciated fibrosing cholestatic hepatitis after renal transplanta-
tion: response to interferon-alpha therapy. Transplantation
1998; 66: 1254-8.

Luciani G, Bossola M, Muscaritoli M, et al. Sustained response
with negative serum HCV-mRNA and disappearance of antibo-
dies after interferon-alpha therapy in a kidney transplant re-
cipient with chronic active viral hepatitis C. J Nephrol 2003;
16: 417-20.

Martin P, Fabrizi F. Treatment of chronic hepatitis C infection
in patients with renal failure. Clin Gastroenterol Hepatol
2005; 3: S113-7.

Vosnides GG. Hepatitis C in renal transplantation. Kidney Int
1997; 52: 843-61.

Baid S, Cosimi AB, Tolkoff-Rubin N, Colvin RB, Williams WW,
Pascual M. Renal disease associated with hepatitis C infection
after kidney and liver transplantation. Transplantation
2000;70:255-61.

Chan TM, Wu PC, Lok AS, Lai CL, Cheng IK. Clinicopathological
features of hepatitis C virus antibody negative fatal chronic
hepatitis C after renal transplantation. Nephron 1995; 71:
213-7.

Heydtmann M, Freshwater D, Dudley T, et al. Pegylated inter-
feron alpha-2b for patients with HCV recurrence and graft fi-
brosis following liver transplantation. Am J Transplant 2006;
6: 825-33.

Ning Q, Brown D, Parodo J, et al. Ribavirin inhibits viral-indu-
ced macrophage production of TNF, IL-1, the procoagulant
fgl2 prothrombinase and preserves Th1 cytokine production
but inhibits Th2 cytokine response. J Immunol 1998; 160:
3487-93.

Konishi I, Horiike N, Michitaka K, et al. Renal transplant reci-
pient with chronic hepatitis C who obtained sustained viral
response after interferon-beta therapy. Intern Med 2004; 43:
931-4.

Reddy KR. Development and pharmacokinetics and pharmaco-
dynamics of pegylated interferon alfa-2a (40 kD). Semin Liver
Dis 2004; 24(Suppl. 2): 33-8.

Carbognin SJ, Solomon NM, Yeo FE, et al. Acute renal allograft
rejection following pegylated IFN-alpha treatment for chronic
HCV in a repeat allograft recipient on hemodialysis: a case re-
port. Am J Transplant 2006; 6: 1746-51.



	Treatment issues surrounding hepatitis C in renal transplantation: A review
	Introduction
	Hepatitis C in Renal Transplant Recipients
	Management of Hepatitis C Before Renal Transplantation
	Management of HCV Infection After Renal Transplantation
	Amantadine
	Ribavirin Monotherapy
	Interferon Efficacy and Graft Dysfunction
	Interferon and Ribavirin Combination Therapy
	Pegylated Interferon
	Summary
	Abbreviations


