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Approximately 400 liver transplants are performed in Canada every
year and close to 6000 per year in the United States. Forty per cent to
45% of all liver transplants are performed for patients with underly-
ing hepatitis C virus (HCV)-related liver disease. These patients
have a different natural history, new complication risks and different
treatment efficacy than nontransplant HCV patients. Every effort
must be made to identify those patients at highest risk for progressive
liver disease post-transplant. Recurrent HCV is an Achilles’ heel to
transplant hepatology. The true natural history of this disease is only
starting to unravel and many questions remain unanswered on the
optimal management of these patients after liver transplantation.
The present report summarizes the literature and ongoing research
needs that are specific to HCV-related liver transplantation.
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La réapparition de l’hépatite C après une trans-
plantation : qu’en est-il aujourd’hui et qu’en
sera-t-il demain? Rapport de l’atelier canadien
sur l’hépatologie de la transplantation

Environ 400 transplantations du foie sont pratiquées, chaque année, au
Canada, et près de 6000 le sont annuellement aux États-Unis. Les mala-
dies du foie sous-jacentes, liées au virus de l’hépatite C (VHC) justifient
de 40 à 45 % des transplantations. Les patients touchés se distinguent de
ceux qui sont atteints du VHC mais qui n’ont pas subi de greffe du foie par
l’évolution naturelle de la maladie, les risques de complications et l’effi-
cacité des traitements. Il faut donc tout mettre en œuvre pour repérer les
patients qui connaissent les risques les plus élevés d’hépatopathie évolu-
tive après la transplantation. La réapparition de l’infection au VHC est un
point faible du traitement en hépatologie de la transplantation. On com-
mence à peine à comprendre la véritable évolution naturelle de la mala-
die, et de nombreuses questions restent encore sans réponse sur le
traitement optimal des patients après une transplantation du foie. Le
présent rapport fait une synthèse de la documentation sur les transplanta-
tions du foie liées au VHC et expose brièvement la recherche future dans
le domaine.

Canadian transplant hepatologists representing each of
the major centres in Canada gathered in Halifax, 

Nova Scotia, to attend a workshop to discuss hepatitis C
virus (HCV) post-transplantation and develop research
goals for the collaborative group. A review of the current
literature and a summary of these proceedings is provided.

BACKGROUND
HCV-related cirrhosis is the leading indication for liver
transplantation (LT). Approximately 400 liver transplants
are performed in Canada every year and close to 6000 per
year in the United States. Forty per cent to 45% of all LTs
are performed for patients with underlying HCV-related

liver disease (1,2). That translates into 150 Canadian and 
2500 American HCV patients transplanted each year. These
patients represent a new cohort of HCV patients with a new
or different natural history, new complication risks, different
treatment efficacy and, potentially, a life sentence in certain
circumstances.

Recurrence of HCV infection in the transplanted organ is
universal and the consequences are still being unravelled 
(2-6). The natural history of recurrent HCV is quite variable
and ranges from rapidly progressive liver failure within
months of transplantation to a more benign hepatitis, which
can slowly progress over years (4). Evidence supports an
overall increased rate of liver fibrosis, with approximately
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20% of HCV-related transplants developing allograft
cirrhosis within five years (3,6-10). These patients subse-
quently progress to end-stage liver disease (ESLD) at a more
rapid rate than patients with HCV before transplantation
(5,7,9).

Retransplantation is an option for patients with 
ESLD of their transplanted liver. However, survival after
retransplantation is significantly lower than after a primary
transplant and is particularly poor for HCV patients (1).
Many centres are reluctant to offer retransplantation to
patients with recurrent HCV underlying their allograft
failure, due to the poor overall survival rate in that cohort of
patients. Thus, every effort must be made to identify those
patients at the highest risk for progressive liver disease 
post-transplant.

Patient survival after primary transplant for HCV
throughout the 1990s was similar to most other indications
for transplantation (10-12). However, more recent studies
showed an increased rate of death and allograft failure in
HCV-positive recipients compared with HCV-negative
recipients (13,14). Concern has also been raised about the
increasing rate of progressive fibrosis in more recent time
frames compared with the early and mid-1990s (15).

Discussion
A clear definition of recurrent HCV is required to interpret
current and future studies. The natural history of recurrent
disease requires further study and can be better clarified by
long-term prospective studies using protocol biopsies.

Recommendations

• A clear definition of recurrent hepatitis needs to be
established by literature review and pathology
consensus. 

• Several centres have already instituted protocol
biopsies at varying time intervals. Protocol biopsies
have not been mandated but each centre is strongly
encouraged to use protocol biopsies (uniform minimum
biopsies at six and 12 months, and annually
thereafter). The use of protocol biopsies and the
development of a nationwide database are necessary to
better understand the natural history of the disease and
allow for larger patient enrollment in future studies. 

• The data for worse outcomes overall, over the more
recent years, has not been reproduced in Canada. A
study to determine mortality rates over the years in
Canadian patients should be looked into.

RISK FACTORS
Risk factors listed below have been associated with poor
outcome post-transplantation for HCV-related cirrhosis and
attempts have been made to create a model for risk assess-
ment (16-20). These models are impractical and, thus far, we
have not been able to easily identify a cohort of HCV
patients at highest risk for poor outcomes (severe recurrent
disease, progression to cirrhosis/ESLD and mortality). Many
of these risk factors for poor outcomes in recurrent HCV are
similarly risk factors for poor outcomes in non-HCV-related
liver disease post-transplantation. Factors such as race, high
viral load pretransplant, high viral load post-transplant,

early recurrence within months of transplant and year of
transplantation have been reasonably well established to be
associated with more severe HCV recurrence after liver
transplant (2,3,7,10,12,14,15,18).

Some risk factors thought to have an impact on recurrent
HCV severity are not as well established and these will be
addressed as separate topics in the present paper (living
donor [LD] liver transplant), immunosuppression and
cytomegalovirus [CMV] infection).

Two of the risk factors that seem to recur throughout the
literature are donor age and ischemic time. Donor age cut-
offs as low as 40 years have been shown to have higher
mortality in HCV patients (21). The use of older donors
(older than 55 years of age) has increased over the years
(22), without definitive consequence in the non-HCV
patient population. Unfortunately, because donor age does
not appear to be the only factor relating to poor outcomes,
recommendations on donor age restrictions have not been
established.

Cold ischemia and, more importantly, warm ischemia
time during implantation are thought to be risk factors for a
more aggressive course of recurrent HCV post-transplantation
(10,18,23). In fact, early post-transplant biopsy findings of
preservation injury may identify HCV patients at significant
risks for poor outcomes (24). However, prospective valida-
tion of this finding is needed.

Discussion
Who is at the highest risk of progressive fibrosis and most in
need of treatment of HCV is one of the most important
questions in this area of transplant medicine. Not all
patients with HCV post-transplant have an aggressive
course, and treatment of the infection may be worse than the
disease itself in some cases. Determining which patients are
at highest risk of aggressive disease has been elusive.

Recommendations
There is great need for a nationwide prospective database for
liver transplant patients in Canada. Future studies will
depend on this.

LD LIVER TRANSPLANTS IN HCV PATIENTS
Concerns had initially been raised that patients with HCV
had poorer outcomes after a LD liver transplant than after
deceased donor (DD) liver transplants. It was speculated
that the process of regeneration might result in a worse rein-
fection of the graft, which ultimately might lead to a poor
outcome. One retrospective study (25) and several abstracts
appeared in transplantation literature in 2001 to 2003,
showing disease recurrence was more severe and outcomes
more inferior in patients who received LD liver transplants.

In 2004, many studies (most in abstract form) showed
that there was no difference in patient outcomes (disease
recurrence or survival) between these patient populations
(26,27). During this time, there was also a shift to studies
using protocol biopsies to determine the actual frequency
and outcomes of disease recurrence. Recently, a larger data-
base review showed no difference in graft or patient survival
for LD liver transplants in the HCV population (28).

A recent study in Toronto, Ontario, of 154 patients with
HCV (29 LD liver transplant recipients and 125 DD liver
transplant recipients) with protocol biopsies at three, six and 
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12 months, and yearly thereafter were followed. There was a
trend for better survival in LD liver transplant patients
beyond the first year and a much higher proportion of DD
liver transplant recipients actually had stage 3 to 4 fibrosis
within two years than the LD liver transplant recipients
(29). Thus, data within the last few years have shifted to
support the use of LD liver transplant in the HCV cohort of
transplant patients. As experience grows in this aspect of
transplantation, larger prospective protocol biopsy-driven
studies will be required.

Discussion
LD liver transplant patients are generally healthier with
lower Model End-stage Liver Disease (MELD) scores, have
younger donors on average and the shortest ischemic time.
Thus, we have corrected as much as we can to improve out-
comes in recurrent HCV. The fact that they have, at best,
equivalent outcomes to cadaveric donors in the more recent
studies, may be interpreted as a negative effect. Certainly,
larger multicentred studies using protocol biopsies are needed.

Recommendations

• A study to determine the frequency of significant
fibrosis, that would have otherwise been missed if
protocol biopsies were not performed, would be useful
to perform. 

• A study to determine if the chosen immunosuppression
regimen affects outcome would also be of great value. 

• A study looking into the feasibility of preoperative
treatment of HCV before LD liver transplant may be a
future endeavor.

EFFECTS OF STEROID USE ON 

POST-TRANSPLANT HCV RECURRENCE
HCV viremia after transplant initially increases rapidly to
approximately 10 to 100 times the pretransplant level
(30,31). The magnitude of elevation of HCV levels appears
to be associated with the dose and duration of steroid
exposure (32,33). High virus levels before transplant have
been shown to be a predictor of severe post-transplant HCV
recurrence (32,34). The concept that bolus high-dose
steroids appear detrimental to the outcome of these patients
is supported by several studies (15,21).

The evidence for an impact of low-dose, long-term
steroids on HCV recurrence and graft, and patient survival is
variable. Several studies suggest worse outcomes and others
suggest no effect or even better outcomes. Attempts at
steroid-free regimens are now being reported (35-37). No
definitive answers can be ascertained yet due to small sample
sizes and/or limited duration of follow-up. Careful
assessments of these studies are required to ensure these
patients are truly steroid-free without any intraoperative
induction steroids or rejection treatments. Although the
recent studies are suggestive of better outcome, no definitive
answers can be ascertained with these small studies.

Discussion
Many studies claim to be using a steroid-free protocol but are
actually not, and these study patients do receive steroids.
Careful review of the data is required in this field. Certainly,

the evidence is convincing that bolus steroids are
detrimental to these patients. More studies are underway to
determine if there is an advantage to steroid-free regimens.

Recommendations

• A study to determine the viral kinetics in the 
steroid-free patient compared with the nonsteroid-free
patient should be performed. 

• Large multicentre studies using a truly steroid-free
regimen are needed.

TACROLIMUS VERSUS CYCLOSPORINE IN

THE MANAGEMENT OF HCV PATIENTS 

POST-TRANSPLANT
Several studies reported over the past five years have
suggested worse outcomes for patients transplanted for HCV
infection compared with 10 to 15 years ago. This suggestion
first originated from Berenguer et al (15), who reported that
HCV patients transplanted at their respective centres had
lower survival rates in the more recent years. Many factors,
including the use of marginal donors, donor age and severity
of liver disease before transplantation were suggested as
potential causes of the so called ‘Berenguer effect’, and the
choice of calcineurin inhibitor was also a potential
candidate because cyclosporine and tacrolimus were clearly
associated with the two different eras. Tacrolimus has
emerged as the more commonly used immunosuppressant in
recent years but it appears that cyclosporine may have
antiviral effects.

Independent from the effects of calcineurin inhibition,
cyclosporine appears to have antiviral effects against HIV,
herpes simplex virus and many other viral agents in vitro.
For the immunosuppression activity, tacrolimus binds to
peptidyl-prolyl isomerases known as FK-binding protein and
cyclosporine binds cyclophilins; both these complexes affect
downstream calcineurin inhibition. However, cyclophilins
have been shown to enable HIV particle assembly and, more
recently, cyclophilin B has been implicated as an essential
factor in mediating HCV replication by activating NS5B
(38). Accordingly, cyclosporine has been shown to inhibit
HCV replication in vitro, whereas tacrolimus has no such
effect (38). The antiviral effects of cyclosporine in vivo have
been more difficult to demonstrate. For example, a study of
viral kinetics with cyclosporine treatment showed that
patients treated for 24 weeks with cyclosporine had dimin-
ished alanine aminotransferase levels but the treatment had
little effect on HCV RNA levels (39). However, it was
interesting to note that HCV RNA levels did not rise with
immunosuppression. In contrast, combination treatment
with interferon-alpha (IFN-α) and cyclosporine showed sus-
tained virological response (SVR) rates to IFN of 32% and
to IFN plus cyclosporine of 55% (40). Not only was this
finding statistically significant but the SVR responders were
predominantly those with high HCV RNA and genotype 1,
the most difficult patients to treat (40). This group is now
doing a multicentre study to verify these findings.

The results of several recent studies comparing the effects
of cyclosporine versus tacrolimus in transplant patients with
HCV infection have not provided any meaningful data. This
is likely due to the short duration of follow-up because graft
and patient survival rates for the HCV cohort tend to fall off
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after three to five years and these study end points were
before three years. A small randomized controlled trial from
the University of California at Los Angeles (USA) showed
no difference in HCV outcomes (recurrence or survival)
with cyclosporine and tacrolimus; however, patients with
cyclosporine therapy had a higher serum HCV RNA ratio
following transplant as compared with baseline (41). 
In contrast, the Liver International Study of 2 h Neoral
versus Tacrolimus Pre-dose (LIS2T) study (42) showed
better outcomes for HCV patients with cyclosporine than
those on tacrolimus with regard to graft loss and death, 
6% versus 15%, respectively. Clearly more studies are
required to delineate advantages to immunosuppressive
regimens.

Discussion
The issue of tacrolimus versus cyclosporine in HCV trans-
plant patients has yet to be resolved. Now that we are enter-
ing a period where tailored immunosuppression directed
toward specific disorders is more commonplace, a fresh look
at whether the antiviral effect of cyclosporine, so elegantly
illustrated in vitro, translates into better outcomes for trans-
plant recipients with HCV infection in vivo remains to be
resolved.

Recommendations

• A prospective natural history study comparing 
cyclosporine and tacrolimus in HCV patients is needed
in the transplant community. 

• A study of the viral kinetics in tacrolimus- versus
cyclosporine-treated patients would also be of
significant value.

CMV AND HCV RECURRENCE POST-LT: 

A SYNERGISTIC INTERACTION?
Since 1997, there have been several studies (43-48) report-
ing both direct and indirect evidence of a deleterious post-
transplant interaction between CMV and HCV. These
studies generally report an increased risk of HCV-associated
graft loss and worse histological progression of disease
compared with CMV-negative HCV recipients. Problems
with the reported studies include small patient numbers
(43,44) and, in one large database review (45), only indirect
evidence with the finding of pretransplant CMV serology as
a significant variable in a multivariate analysis. Stronger
evidence has been reported in two Mayo clinic studies
(46,47) and a Canadian study (48). The two Mayo clinic
studies reported a high risk of graft failure in those who had
CMV infection (both CMV disease and subclinical
infection), approaching 50% compared with less than 20%
in those who were CMV-negative (46,47). Likewise, a
higher proportion of CMV-infected recipients progressed to
fibrosis stage 2 of 4, at four months post-transplant compared
with CMV-negative recipients (45% versus 16.4%, P=0.01),
although there was no histological difference at one year
post-transplant (46). The only Canadian study to date (48)
similarly reported an increased fibrosis score in CMV-
infected patients compared with CMV-negative patients
(P=0.016) and a trend toward more severe fibrosis (at least
fibrosis stage 2 of 4), although there was no difference in the

proportion who developed histological HCV recurrence
between groups.

Not all studies have reported an interaction between
CMV and HCV. A large database review (49) that investi-
gated factors associated with the progression of recurrent
HCV specifically included CMV infection among multiple
variables and did not find CMV infection to be a significant
determinant. Two smaller studies (50,51) also failed to find
an association. Although the lack of an association in the
latter two studies may have been a type II error, an aggressive
ganciclovir treatment protocol may have ameliorated the
effect of CMV on HCV recurrence.

Discussion
The body of evidence does suggest that CMV infection may
be associated with worse post-transplant HCV outcomes.
Given the known deleterious effects of CMV infection post-
transplant in general, it behooves the liver transplant
community to monitor and treat CMV aggressively in this
recipient group.

Recommendations
Previous multicentred studies performed in Canada have
CMV data available for analysis. These data should be
analyzed.

PEGYLATED IFN AND RIBAVIRIN FOR

RECURRENT HCV AFTER LT
HCV is difficult to treat in the transplant population
because of immunosuppression, pre-existing cytopenias and
renal dysfunction from the calcineurin inhibitors. There are
several strategies to deal with the problem of recurrent 
HCV. Treatment of HCV can be attempted in cirrhotic
patients before LT as preemptive therapy in the early post-
transplant period or once the recurrent disease has been
established.

There are no published studies on the use of pegylated
(PEG) IFN with or without ribavirin (RBV) for pretrans-
plant prophylaxis. Everson (52) has reported on the use of
standard IFN and RBV in a low accelerated dose regimen in
well-compensated cirrhotic patients (mean Child-Turcotte-
Pugh [CTP] score was approximately seven) awaiting LT.
Reasonable SVR rates were reported and all eight patients
who had an SVR before their LT remained HCV RNA-
negative after transplant (53). Unfortunately, more recent
data suggest that some people who go into LT HCV RNA-
negative will relapse after transplantation (53). A multicen-
tre study in the United States also has treated patients
(mean CTP scores of approximately 12) on the LT waiting
list with IFN and RBV (54). None of these patients became
HCV RNA-negative before transplantation and, after 
two deaths from sepsis, the study was terminated early. The
International Liver Transplant Society (ILTS) consensus
panel concluded that treatment can be considered for
cirrhotic patients with a CTP score of seven or less or a
MELD score less than 18, and is contraindicated when the
CTP score is greater than 11 or the MELD score is greater
than 25 (55).

Preemptive strategies attempt to prevent HCV infection
in the allograft. There is only one study examining PEG IFN
in this setting. This multicentre, randomized control trial
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used PEG IFN-α2a monotherapy treatment within 
three weeks of transplantation and had an SVR of only 8%
(56). However, there were lower hepatic activity index
scores at the end of treatment and at week 72 in the PEG
IFN-treated patients compared with untreated controls, but
it did not reach significance. In this study, acute cellular
rejection (ACR) was seen in 21% of untreated controls and
only 12% of the PEG IFN group (56).

Focusing on treatment of established disease, this same
paper examined PEG IFN-α2a monotherapy started between
six and 60 months after LT for histologically proven
recurrence (56). Only 68% of patients completed therapy
and the end of treatment response was 45%, with an SVR of
only 12%. ACR occurred in 12% of PEG IFN subjects versus
none in the untreated group. After 48 weeks, there was
improvement in hepatic activity index scores in PEG IFN
subjects compared with controls but these differences were
less apparent at week 72 (56).

The published literature (excluding abstracts) on combi-
nation therapy for recurrent HCV consists of seven single-
centre, small case series using PEG IFN-α2b in combination
with RBV (57-63). Immunosuppression, the histological
stage of subjects and the use of growth factor (GF) support
was also highly variable. Table 1 summarizes the seven pub-
lished series for recurrent HCV. The majority of the patients
are genotype 1 (range 63% to 100%). Ross et al (60)
switched standard IFN and RBV nonresponders to PEG IFN
and RBV (accounting for their low response rates). Figure 1
illustrates a pooled analysis of this published experience. On
average, 64% of subjects completed therapy, end of treat-
ment response was seen in 34% and SVR occurred in 22% of
the 176 treated subjects. Anemia occurs in approximately
60% of patients, neutropenia in approximately 40%, throm-
bocytopenia in approximately one-third and, overall,
approximately one-quarter of this population has received
GFs. The average rate of rejection (ACR) on PEG IFN ther-
apy was 8%.

In summary, minimizing immunosuppression before start-
ing therapy is important while being mindful that rejection
can occur. Treatment can be undertaken before transplant in
carefully selected patients. Preempted therapy in the early
post-transplant period requires further study. Most centres
will wait for established disease before introducing therapy
and although response rates are lower in the post-transplant
setting, the combination of PEG IFN and RBV is the most

effective therapy for patients with recurrent HCV. Adjusting
the RBV dose according to renal function is necessary (start-
ing with lower doses and using dose acceleration when possi-
ble). The use of GFs to support the hemoglobin and
neutrophil count may improve compliance and success of
antiviral therapy after transplant.

Discussion
The transplant community struggles with many research
questions in this area. What is the ultimate duration of
therapy? Is it a set duration such as 48 weeks or do we treat
patients until polymerase chain reaction (PCR) becomes
negative? How long do we continue to treat patients after
PCR becomes negative, 24 weeks, 48 weeks? Is 24 weeks of
treatment in genotypes 2 and 3 post-transplant adequate?
What is the value of an early viral response at 12 weeks, par-
ticularly when stepwise treatment is the current approach?
When do you stop therapy due to nonresponse, because
some data suggest delayed responses occur? What is the fre-
quency of delayed response? Is IFN less effective in immuno-
suppressed patients or are they just not getting enough drugs,
or is it both? Has previous exposure to treatment created
resistance to treatment or worsened responses?

Studies are ongoing throughout the transplant community
to answer these questions. Most studies are small and include
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TABLE 1
Summary of published studies using pegylated interferon (PEG IFN) and ribavirin for treatment of established recurrent
hepatitis C virus after liver transplant 

Number PEG IFN dose Ribavirin dose Duration CT ACR ETR SVR EPO G-CSF
References of patients (µg/kg) (mg) (weeks) (%) (%) (%) (%) (%) (%)

Mukherjee et al (57) 39 Goal 1.5 Goal 800 24/48 46 0 38 31 0 0

Dumortier et al (58) 20 0.5→1.0 400→1200 48 80 25 55 45 0 0

Rodriguez-Luna et al (59) 19 0.5→1.5 400→1000 48 51 5 37 26 74 47

Ross et al (60) 16 1.5 1200 48+ 100 0 38 0 39 88

Neff et al (61) 57 1.5 400→600 48 68 – 25 14 44 39

Toniutto et al (62) 12 0.5 600→800 48 58 0 17 8 0 0 

Babatin et al (63) 13 1.0→1.5 ~600→ 48+ 46 23 39 31 8 0

ACR Acute cellular rejection; CT Completion of treatment; EPO Erythropoietin; ETR End of treatment response; G-CSF Granulocyte colony-stimulating factor; 
SVR Sustained virological response

Figure 1) Pooled analysis of seven published studies using pegylated
interferon (PEG IFN) and ribavirin (Riba) for treatment of established
recurrent hepatitis C virus after liver transplant. ACR Acute cellular
rejection; EPO Erythropoietin; ETR End of treatment response; 
G-CSF Granulocyte colony-stimulating factor; Neutro Neutropenia;
SVR Sustained virological response; TCP Thrombocytopenia
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patients with cirrhosis and fibrosing cholestatic disease
(FCH). These patients undoubtedly have a different natural
history than patients with less severe disease and should be
distinguished in analyses of these studies.

Recommendations
In addition to all of the questions listed above, the trans-
plant community needs to look into several other important
aspects. 
• A study to determine the benefit of low-dose

combination treatment with PEG IFN/RBV long-term
in nonresponders treated post-transplantation, to
determine effects on disease progression. 

• A study of RBV level monitoring during treatment to
address toxicity in the postorthotopic LT setting. 

• Patients with FCH have been noted to have rapid
recurrence with discontinuation of treatment, thus a
long-term study looking at continuous treatment is
needed. 

• Development of a FCH registry would allow for larger
cohort data and will address significant deficits in the
literature in this patient population. All trials
incorporating treatment of recurrent HCV should
distinguish FCH and severe cirrhotic patients from the
less severe cases.

THE USE OF ERYTHROPOIETIN AND

GRANULOCYTE COLONY-STIMULATING

FACTOR IN THE TREATMENT OF HCV

RECURRENCE AFTER LT
The use of GFs in conjunction with combination therapy
with PEG IFN/RBV for HCV recurrence after LT is
addressed in only four publications, each with small sample
sizes (61,64-66). In fact, in three of the publications there is
only a brief citation that the GFs erythropoietin (EPO) and
granulocyte colony-stimulating factor (G-CSF) were used as
adjuncts (61,65,66). Only in the paper by Shergill et al (64)
was there an attempt to draw some conclusions in using GFs.
Here, the authors state that the use of G-CSF corrected low
neutrophil counts and allowed for the use of doses of PEG
IFN that were originally aimed for. On the other hand, the
use of EPO allowed the continuation of RBV without dose
reduction but did not allow for much dose increase. They
observed no difference in SVR rates between the two groups
of patients, but the patient numbers were small.

Therefore, if we are going to draw any conclusions as to
the use of these factors in the treatment of HCV, we have to
turn toward the nontransplantation literature. In general,
the conventional management of cytopenias during therapy
has been dose reduction, and these reductions occur in
approximately 20% of treatments. However, it has been
shown that patients who take PEG IFN/RBV as close as pos-
sible to the target dose have greater SVR rates than those
who do not (67). It seems to be very important to maximize
the dose, particularly in the first 12 weeks of therapy.

Two main factors used to stimulate EPO, epoetin-alpha
and darbepoetin-alpha, are synthetic glycoproteins that act
like endogenous EPO. In HCV treatment, there has been no
case of pure red cell aplasia with the use of darbepoetin but

there is one recent report with epoetin-alpha (68). It is
generally thought to be safe to use these GFs in treating
patients with HCV. In a randomized trial with patients being
treated for HCV who had a reduction in hemoglobin to 
120 mg/L or less, patients were randomly assigned to receive
40,000 U epoetin-alpha subcutaneously once a week versus
placebo. Patients receiving epoetin-alpha were found to be
more capable of maintaining their dose of RBV (69). An
improvement in the quality of life of patients was also noted
(70). Similar findings were also found with the use of darbe-
poetin in a small dose study (71).

Data for using G-CSF are even less plentiful. Two forms
of G-CSF exist, namely filgrastim (Neupogen, Amgen,
USA) and PEG filgrastim, which has a longer half-life. In
the only publication thus far, 15 patients were treated with
Neupogen with an increase in peak of white blood cell count
but no change in nadir counts. However, there was no dif-
ference in SVR noted (72).

In summary, there is little literature in the liver trans-
plant setting for the use of these GFs. Our approach has
mostly been borrowed from the nonliver transplant litera-
ture where there is limited medical literature. In the liver
transplant setting, the majority of patients are unable to
tolerate maximal doses of medications and cannot adhere to
the ‘80/80/80 rule’ of therapy, and this would be an
opportunity to observe if maximizing the dose early on in
therapy could improve SVR and quality of life for these
patients.

Discussion
Viral loads are much higher post-transplant than they are
pretransplant and evidence supports this. In general it is
thought that previous treatment with PEG IFN/RBV may
have induced resistance, and the escalating risk of the dose
regimen that many are forced to do, due to intolerance to
the medication without GFs, may increase emerging resist-
ance. Thus, the group feels that using epoetin-alpha to
increase the tolerable dose of RBV would be an advantage.
RBV levels would be required because these patients often
have coexistent renal dysfunction. Studies looking at the
ability to maximize the dose of medication received and
comparing the SVR are needed desperately by the transplant
community. Nationwide access to epoetin-alpha for these
patients would be required to perform these studies to avoid
single-centre study biases and accrue the patient numbers
needed to perform these studies effectively.

Recommendations

• Studies are needed to determine the RBV levels of
patients postliver transplant on combination therapy. 

• More robust data is needed with respect to the use of
GFs in these patients. Studies looking into the
effectiveness of EPO in optimizing RBV dosing and
potential effect on SVR are needed.

RENAL TRANSPLANTATION IN PATIENTS 

WITH UNDERLYING HCV
HCV is present in 22% to 60% of hemodialysis patients
(73). Dialysis patients with well-compensated cirrhosis are
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generally not offered renal transplant due to the risk of
progressive liver disease. However, patients with decom-
pensated liver disease are able to have combined LT and
kidney transplantation. However, more often, these HCV
dialysis patients do not have cirrhosis or clinical evidence of
advanced liver disease (74).

Approximately 1000 renal transplants occur in Canada
per year. After renal transplant, there is a greater incidence
of alanine aminotransferase elevations, increased viral repli-
cation and progressive liver disease (75). There have been
case reports of fibrosing cholestatic hepatitis and rapidly pro-
gressive liver failure after renal transplant in HCV patients
(76). Although initial studies suggested no worse short-term
graft or patient survival in HCV-positive patients, more
recent studies have shown a significant difference in graft
and patient survival at 10 years in HCV-positive patients
compared with HCV-negative patients (77,78). These stud-
ies suggest that we treat these patients before they get trans-
planted. Other studies suggest approximately only one-half
of these HCV patients develop significant disease, making it
difficult to establish which patients are at highest risk of dis-
ease progression (75).

A meta-analysis of 14 small clinical control trials using
monotherapy IFN in hemodialysis patients showed an SVR
range of 20% to 68%, but the average SVR was 37% (79).
PEG IFN has limited data but dose reduction is recommended
(79,80). Treatment of HCV after renal transplant has largely
been denied due to concerns regarding IFN induction of
rejection. Large studies are needed to determine if this is
warranted.

Discussion
The literature in inconclusive in regard to treating postrenal
transplant patients without the risk of allograft rejection.

Recommendation
A registry for nonliver transplant patients undergoing HCV
treatment would be of value. At this point in time, a ran-
domized study may not be ethical with the published data
available.

HEPATOCELLULAR CARCINOMA AS A

COMPLICATION IN HCV PATIENTS
Hepatocellular carcinoma (HCC) is one of the most com-
mon cancers worldwide. In the United States, there has
been a 70% increase in HCC over a 20-year period thought
to be secondary to the HCV epidemic (81). In Canada, it is
likely very similar. The development of cirrhosis in these
HCV patients will peak in the coming years. In those with
cirrhosis there is a transition to HCC of 1.5% to 4% per year
(82). Currently, more than 50% of HCC patients have
underlying HCV. As projected in a recent Canadian study,
the burden of disease will increase dramatically in the com-
ing years (Figure 2) (83).

As tumours increase in size and number, recurrence-free
survival decreases. The main reason for that is that as size
increases, so does the likelihood of vascular invasion.
Vascular invasion is the most important prognostic factor for
HCC and is present either macroscopically or microscopically
in up to 50% of tumours greater than 5 cm (84). The Milan
criteria (85), looking at early-stage tumours defined by a
single lesion less than or equal to 5 cm or three lesions all

less than 3 cm with no evidence of extrahepatic disease,
vascular invasion or lymphadenopathy is what has been
accepted as criteria for LT. Patient survival is 75% at 
four years with a recurrence rate of less than 10% (85). 
Yao et al (86) have shown in a retrospective cohort (based
on explant findings) that a single lesion up to 6.5 cm or
three lesions not greater than 4.5 cm or a total tumour diam-
eter of no greater than 8 cm, also has a 72% five-year sur-
vival, which is quite acceptable. This has led other
investigators to cautiously extend criteria for accepting
HCC as an indication for LT. This continues to be investi-
gated and, at present, Milan criteria are used in most centres,
outside of studies.

Immunosuppression may also impact the recurrence of
HCC. Data supporting this concept are minimal.
Cyclosporine has been shown, in vitro, to promote cancer by
the promotion of angiogenesis and by increasing the vascu-
lar invasion of tumour cells (87), whereas sirolimus may
inhibit some cancers by inhibition of angiogenesis (88). In a
study by Kneteman et al (89), patients transplanted for HCC
were tapered off steroids and calcineurin inhibitors and
maintained on sirolimus monotherapy for three to 
six months. They used extended criteria of single tumours
7.5 cm or smaller or multiple tumours each 5 cm or smaller
(with no absolute limit on tumour number) with no extra-
hepatic malignancy, lymph node metastases or vascular inva-
sion. The extended criteria patients enjoyed a 78%
disease-free survival at four years; there was a 16% recur-
rence rate.

Clearly there remains potential for progression of tumours
while patients are awaiting LT. The wait list dropout rate due
to progression of HCC beyond acceptable criteria is between 
5% and 20%. Is there a role for neoadjuvant therapy?
Transarterial chemoembolization and radio frequency abla-
tion have been used in this population. Evidence for the
benefit of neoadjuvant therapy is variable with many studies
supporting its use and many refuting its benefit. It is not
within the scope of the present paper to review these data.
Currently, the use of neoadjuvant therapy is centre-dependent.

Discussion
Criteria for transplantation for HCC has been largely based
on the Milan criteria but extended criteria are currently
being heavily investigated. With the expected rise in
HCV/HCC prevalence, this can easily overwhelm the
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transplant community. Careful assessment of survival out-
comes is mandatory for optimal use of scarce donor organs.

Recommendation

A multicentre study to determine the outcomes of Canadian
patients transplanted for HCC within the Milan criteria
compared with those transplanted outside the criteria is
needed.
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