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Abstract

Chronic hepatitis C virus (HCV) infection is the leading
cause of death from liver disease and the leading indi-
cation for liver transplantation (LT) in the United States
and Western Europe. LT represents the best therapeu-
tic alternative for patients with advanced chronic liver
disease caused by HCV or those who develop hepato-
carcinoma. Reinfection by HCV of the graft is universal
and occurs in 95% of transplant patients. This reinfec-
tion can compromise graft function and patient survival.
In a few cases, the histological recurrence is minimal
and non-progressive; however, in most patients it fol-
lows a more rapid course than in immunocompetent
persons, and frequently evolves into cirrhosis with
graft loss. In fact, the five-year and ten-year survival
of patients transplanted because of HCV are 75% and
68%, respectively, compared with 85% and 78% in
patients transplanted for other reasons. There is also
a pattern of recurrence that is very severe, but rare (<
10%), called fibrosing cholestatic hepatitis, which often
involves rapid graft loss. Patients who present a nega-

JRaishideng®

WJG | www.wjgnet.com 16409

tive HCV viremia after antiviral treatment have better
survival. Many studies published over recent years have
shown that antiviral treatment of post-transplant HCV
hepatitis carried out during the late phase is the best
option for improving the prognosis of these patients.
Until 2011, PEGylated interferon plus ribavirin was the
standard of care, resulting in a sustained virological
response in around 30% of recipients. The addition of
protease inhibitors, such as boceprevir or telaprevir, to
the standard of care, or the use of other direct-acting
antiviral drugs may involve therapeutic changes in the
context of HCV recurrence. This may result a better
prognosis for these patients, particularly those with se-
vere recurrence or factors predicting rapid progression
of fibrosis. However, the use of these agents in LT still
requires clarification in terms of safety and efficacy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Chronic hepatitis C virus (HCV) infection is the
reason for about 50% of liver transplants in the west-
ern world. Reinfection of the graft is universal and can
compromise graft function and patient survival. The de-
velopment of an efficient antiviral therapeutic strategy
has been the focus of clinical research in recent years,
including when, how much and at what point this treat-
ment should be applied. The introduction of new drugs
for the treatment of chronic HCV hepatitis may involve
therapeutic changes and, perhaps, a better prognosis
for these patients, particularly those with severe recur-
rence or factors predicting rapid progression of fibrosis.
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is the leading
cause of death from liver disease and the leading indica-
tion for liver transplantation (LT) in the United States and
Western Europe[l’zl. LT represents the best therapeutic al-
ternative for patients with advanced chronic liver disease
because of HCV or those who develop hepatocarcinoma.

HCV reinfection of the graft is universal and oc-
curs in 95% of transplant patients. This reinfection can
compromise graft function and patient survival. In a few
cases, the histological recurrence is minimal and non-
progressive; however, in most patients, it follows a more
rapid course than in immunocompetent persons, and fre-
quently evolves to cirrhosis with graft loss. The five-year
and ten-year survival of patients transplanted because of
HCV is 75% and 68%, respectively, compared with 85%
and 78% in patients transplanted for other reasons’.
There is also a pattern of recurrence that is very severe,
but rare (< 10%), called fibrosing cholestatic hepatitis,
which often involves rapid graft loss'™. Those patients
who present a negative HCV viremia after antiviral treat-
ment have better survival”.

Many studies published over recent years have shown
that antiviral treatment of post-transplant HCV hepatitis
carried out during the late phase is the best option for
improving the prognosis of these patients. Until 2011,
PEGylated interferon plus ribavirin was the standard of
care, resulting in a sustained virological response (SVR)
in around 30% of recipientsm.

The addition of protease inhibitors (PI), such as bo-
ceprevir or telaprevir, to the standard of care or the use
of other direct-acting antiviral (DAA) drugs may involve
therapeutic changes in the context of HCV recurrence.
This may result in a better prognosis for these patients,
particularly those with severe recurrence or factors pre-
dicting rapid progression of fibrosis”. However, the use
of these agents in LT still requires clarification in terms
of safety and efficacy.

NATURAL HISTORY OF HEPATITIS C
RECURRENCE AFTER LT

Recurrence of HCV post transplantation
Viral infection recurs in almost all cases and occurs im-
mediately after the graft reperfusion phase. The diagnosis
of wviral recurrence is purely virological and is established
by detection in serum of HCV RNA using polymerase
chain reaction (PCR) techniques. The levels of viremia
are generally far higher than those existing before the
transplant”. However, the diagnosis of relapse of hepati-
tis or disease in the graft is based on histological findings.
Pathophysiologically, two patterns of recurrence can
be distinguished: (1) a pattern of chronic HCV hepati-
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tis similar to that seen in non-transplanted patients, but
with a faster course, reaching states of advanced fibrosis
or cirrhosis in a shorter time (9-12 years »s 20-50 years);
and (2) fibrosing cholestatic hepatitis, which is less com-
mon (3%-5%) but very severe, and generally appears in
the context of intense immunosuppression. It can pres-
ent as an initial manifestation of disease relapse or, less
commonly, in the context of recurrent chronic hepatitis.
Fibrosing cholestatic hepatitis is characterized by marked
jaundice with cholestasis and high titers of viremia. This
form usually progresses rapidly to acute liver failure, with
graft loss soon after.

Histological confirmation is necessary to establish
the diagnosis of HCV recurrence, as well as enabling
assessment of the degree of activity and a periodic
follow-up of histological disease progression. This not
only provides information about the prognosis, but also
establishes the differential diagnosis with other complica-
tions, such as rejection, biliary disease or vascular prob-
lems™ .

A new non-invasive technique, hepatic elastography,
has become available recently, which appears to correlate
well with the stage of fibrosis. This technique can detect
an important degree of fibrosis (F = 2) from the sixth
month after transplantation, and has an excellent diag-

nostic capacity at 12 mo post—transplantationm

Clinical course of HCV recurrence

The histological involvement of the graft and the natural
history of recurrence both vary, with different presenting
forms. Post-transplant reinfection with HCV is associated
with greater aggressiveness than in immunocompetent
patientsm’m].

At around the fifth month after transplantation, acute
hepatitis occurs, which is generally asymptomatic in 50%
of patients. Histologically it presents characteristics of
lobular hepatitis with varying degrees of inflammatory
infiltrate in the portal space, mainly of lymphocytes and
macrovesicular steatosis, similar to the histological pattern
found in acute hepatitis in immunocompetent patients.

Of those patients who experience relapse of their
HCV infection after LT, 20% have histological lesions
compatible with mild chronic hepatitis 5 years post-
transplantation. The others experience a more important
chronic evolution. The progression to hepatic cirrhosis
occurs in 30% of these patients after 5 to 7 years post-
transplant, and is much faster than in immunocompetent
personsm.

The progression of fibrosis is much more accelerated
in those patients who receive their transplants because
of HCV infection and who have a recurrence of the dis-
ease: up to five times faster than in immunocompetent
persons. Accordingly, the cirrhosis evolves earlier, with an
average of 10 years compared with 20-30 years for immu-
nocompetent persons with chronic HCV infection" ™"

Once cirrhosis is reached, 40%-50% of transplanted
patients will experience their first decompensation within
one year. Survival after this first episode of decompensa-
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tion is 50%*"

Factors influencing the recurrence of HCV and graft
survival

The course of post-transplant hepatitis C is determined
by the interaction of different factors that affect the se-
verity and timing of HCV recurrence.

Pre-transplant factors - donor and host related: Cer-
tain pre-transplant factors in the recipient are associated
with worse evolution, including female sex, older age,
and the presence of diabetes or metabolic syndrome! ™,
HCYV has a reciprocal relation with insulin resistance, in
both transplanted and non-transplanted persons: HCV
predisposes to insulin resistance, but insulin resistance
itself contributes to increasing the morbidity and mortal-
ity associated with HCV infection. Other pre-transplant
factors depend on the virus; for example, the genotypes
HCV 1b and 4, which are factors predicting a poor re-
sponse to standard antiviral therapy, or a high pre-trans-
plant viral load (especially above 1 million TU/mL) 2
The absence of response to antiviral therapy and coinfec-
tion with HIV are associated with a worse prognosis[23].

Other factors related with the donor and the peri-
operative period can also affect the severity and the time
to relapse of post-transplant HCV infection, such as an
older donor age (> 50 years), a high degree of steatosis
in the donor liver, a prolonged ischemia time, a non-heart
beating donor, a living donor, preservation lesion, a par-
tial split graft or anti-HCV positive donors, all of which
have been associated with a worse evolution™”,

Recent studies appear to show that polymorphisms in
the interleukin 28 B gene (IL.-28B), in both the donor and
the recipient, may influence not only the response to an-
tiviral therapy, but also the evolution of hepatitis C from
post-transplant HCV reinfection, with a worse evolution
in those with the genotypes CT and TT (of the polymor-
phism rs12979860) compared with the genotype CC**.

Post-transplant metabolic syndrome: Patients who
received LT because of HCV who develop metabolic
syndrome (50% during the first year) present a greater
risk for fibrosis if they experience a recurrence of their
HCV in the graft. This is why it is necessary to start pre-
ventive measures, as well as maintain a strict control of
the post-transplant metabolic complications, particularly

diabetes" "

Immunosuppression: Immunosuppression is one of
the factors that can cause recurrence of HCV, although
no direct relation has been found with any particular
therapeutic regimen[“]. Immunosuppression is associated
with greater replication of HCV, especially during the
early post-transplant period. It also results in a reduced
activation of the immune cellular system, vital for the de-
fense against the virus, and a weakened response in cases

of severe recurrence, as in fibrosing cholestatic hepati-
. 3233]
t1s .
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Steroids: Steroid administration, particularly high doses
in the form of a bolus to control severe rejection, is asso-
ciated with greater severity of HCV recurrence ™. This
explains why some authors defend the use of steroid-free
regimens, which also reduces the incidence of metabolic
complications, especially hyperglycemiam’%]. However,
most transplant groups still use steroids in recipients who
have HCV, although with optimized doses. Rather than a
rapid taper, a slow taper is preferred in general practice™.

Calcineurin inhibitors: The course of post-transplant
HCV is not related to the type of calcineurin inhibitor
given. Data are contradictory, and though no concrete
recommendation has yet been established, a valid option
is to begin tacrolimus immediately after transplantation,
converting to cyclosporine if treatment for HCV is re-
quired”™™.

Other immunosuppressive agents: No evidence-based
recommendations exist concerning the influence of other
immunosuppressive drugs, such as azathioprine, myco-
phenolate or mT'OR inhibitors.

In conclusion, the principal aim is to optimize the
treatment, avoiding over-immunosuppression”™, On the
other hand, in the era of the new direct acting antiviral
(DAA) drugs against HCV, the choice of immunosup-
pressive agent will be affected not only by these consider-
ations, but also by potential drug interactions.

ANTIVIRAL THERAPY STRATEGIES IN
RECURRENT HCV INFECTION

The main goal of antiviral treatment is the permanent
eradication of HCV and the achievement of a SVR. Ad-
ditionally, antiviral therapy can also provide stabilization
of disease progression and prevention of graft loss even
in the absence of a virological response!’.,

The treatment of HCV recurrence is similar to that
for non-transplanted patients, including the use of new
antiviral agents. However, there is no overall agreement
on patient selection or the treatment regimen, though it
may be similar to that used in immunocompetent pet-

Up to 50% of patients require treatment modifica-
tion, with 25% even requiring withdrawal, as a result of
side effects, mainly a marked reduction in hemoglobin
(60%-80%), alterations in mood (10%) and asthenia
(60%-70%). Acute rejection occurs in around 6% of
treated patients, triggered mainly by PEGylated inter-
feron. Less than 1% experience chronic rejection, which
occurs most commonly in recipients who have a better
response to antiviral treatment. In this situation, the re-
jection has been attributed to improved hepatic function
with the resulting change in metabolism of the immu-
nosuppressive drugs, which could determine a reduction
in their blood levels™"**. Accordingly, close vigilance and
monitoring of the immunosuppression are necessary dur-
ing treatment, as well as a histological study in the event
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5%-10%
No lesion or minimal lesions
Transplant
Cirrhosis HCV | 4 | recurrence of HCV:
0,
About 100% | 90%-95% Hepatitis Severe forms (e.g., cirrhosis)
Onset: 4-12 wk Variable time (30% at 5 yr)
Pretransplant Early post-transplant Late post-transplant
antiviral antiviral therapy antiviral therapy
therapy (“preemptive”) (treatment for established recurrent HCV)

Figure 1 Antiviral therapy strategies in recurrent hepatitis C virus infection. HCV: Hepatitis C virus.

of unexplained laboratory findings.

Opverall, different points of therapeutic intervention
have been used to attempt to prevent or eradicate HCV
infection in liver transplant patients (Figure 1).

Pre-transplant antiviral therapy

The aim of pre-transplant antiviral therapy is to inhibit
viral replication before transplantation, and lower HCV
viremia and its recurrence after LT. Nevertheless, many
patients with HCV on the transplant waiting list have ad-
vanced disease precludes them from antiviral treatment.
Thus, this treatment is only indicated in 50% of cases,
with just 40% of these able to have the optimal dose and
duration, which is associated with lower rates of viral
response. Nonetheless, this treatment results in 30% of
recipients reaching the transplantation process with no
detectable viral load, a state that minimizes the tisk of
recurrence, although it does not completely prevent the
reappearance of the virus in the graft™!. Accordingly,
before transplantation, all patients should be treated if
they have no liver decompensation, are in Child-Pugh A
and have a MELD < 18, provided there is no contraindi-
cation™!. This poor tolerance to treatment in cirrhotic
patients has led to the concept of the low accelerating
dose regimen (LADR), which contemplates the introduc-
tion of antiviral treatment at minimal doses, increasing
the dose every 2 wk depending on tolerance, attempting
to reach the full dose'”.

HCV treatment after LT

Two treatment strategies can be adopted once the patient
has received the transplant.

Pre-emptive therapy: The aim of this strategy is to
eliminate HCV before the appearance of hepatic lesions.
The potential advantage of treating recipients at an early
stage, usually with from the first month, is the absence
of severe graft involvement or fibrosis. However, dut-
ing this stage, the patients are still recovering from the
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surgery, ate receiving multiple drugs and high doses of
immunosuppressors, and have a greater risk of rejection,
so that postponing antiviral therapy is recommended**™*”,
Although this treatment is effective in 1%-13% of cases,
35% of the patients who have this option require drug
withdrawal because of intolerance or side effects™. Re-
cipients with a history of an aggressive infection or who
are coinfected may be candidates for early treatment, pro-
vided the presence of rejection is excluded.

Treatment delayed until after the recurrence of the
HCYV: The most widely used strategy involves initiat-
ing antiviral therapy once the histological consequences
of HCV recurrence are detected by a histopathological
study of the graft. In this later state the recipient receives
fewer immunosuppressive agents and usually has a bet-
ter clinical and analytical status, which permits antiviral
treatment to be optimized and is efficient in 20%-40%
of cases™™ ! Even so, 28% of recipients require eatly
withdrawal of the treatment and 73% require the dose of
the antivirals to be minimized. This reduced exposure to
the treatment, together with a greater viral replication and
unfavorable genotypes, explain the reduced treatment re-
sponse compared with non-transplanted patients'. Thus,
treatment strategies should be individualized, considering
patient comorbidity (renal failure, hyperglycemia), graft
function or a history of rejection, and the characteristics
of the HCV*™.

Factors predicting antiviral response in a patient who
undergoes LT because of HCV infection are similar to
those seen in immunocompetent patient. Factors associ-
ated with a worse response include advanced donor age,
advanced fibrosis, the presence of genotype 1, a high
initial viral load and the presence of metabolic syndrome.
Obtaining a rapid viral response (4 wk after starting an-
tiviral therapy) and an early viral response at 12 wk of
treatment predict a sustained viral response, as seen with
HCV treatment in non-transplant patients[53’54].
Polymorphisms in interleukin (IL-28B) related with
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response to antiviral therapy in immunocompetent pa-
tients”” are also related to response in transplant patients,
with similar results. The CC genotype is associated with
higher SVR rates™. Interestingly, a donor with the CC
genotype may partially restore sensitivity to treatment
in an unfavorable [I.28B genotype recipient. This could
explain the lack of association between pre- and post-
transplant treatment outcome” . Based on these findings,
a lack of response to antiviral treatment before a trans-
plant should not prevent an attempt to re-treat HCV in
the same patient, particularly if the donor genotype is
different to that of the recipient[zsl.

Another important factor associated with a greater
sustained viral response concerns treatment adherence;
at least 80% compliance should be aimed for. The role
of baseline immunosuppression on viral response is still
under debate. The only prospective, randomized study
reported to date did not find significant differences in
SVR in patients treated with cyclosporine #s those treated
with tacrolimus®™.

The PHOENIX study observed an SVR in 22% of
patients treated with an eatly regimen as opposed to 21%
of patients who started treatment after confirmation of
the recurrence in the graft, with the former experiencing
a higher incidence of adverse reactions and treatment
withdrawal®™.

On the other hand, the role of maintenance therapy
in virological non-responders has not been adequately
assessed, especially in those who achieve clinical or histo-
logical benefit on hemodynamic, histological or elastog-
raphy study, or in patients who normalize transaminases

during treatment”.

RETRANSPLANTATION FOR RECURRENT
HCV

In the United States, 30% of all liver retransplants occur
because of recurrence of HCV!". The International Liver
Transplantation Society Expert Panel indicated that the
age of the recipients and the donors, a bilirubin = 10
mg/dL, renal dysfunction and eatly recurrence of HCV-
related cirrhosis after transplant are all associated with a

worse prognosis after retransplantation[m]. The develop-
ment of fibrosing cholestatic hepatitis also has an unfa-
vorable prognosis after retransplantation[&],

Models predicting survival after retransplantation have
been validated. These include the Markmann score®” and
the Rosen scote™ which are the most accepted and en-
able prediction of prognosis in the retransplant patient,
thus improving associated survival. Generally speaking,
a retransplant is indicated in recipients with an estimated
1-year survival of at least 55%, which includes patients
with a Rosen score < 20.5,

Although retransplantation is generally associated
with worse survival, it is not clear whether HCV-positive
patients have significantly worse results. Whatever the
case, it is important to personalize each case and just se-

lect those patients with favorable clinical characteristics.
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DIRECT-ACTING ANTIVIRALS IN
RECURRENT HCV INFECTION

The advent of new drugs for the treatment of HCV
infection, as well as polymerase and protease inhibitors,
will considerably change the management of HCV infec-
tion because of their high antiviral power ™. Around
50% of non-transplant patients who are difficult to treat
because of the presence of factors predicting a lack of
response experience a greater sustained viral response’™.
However, little information is available about the use of
these drugs in liver transplant patients.

Protease inhibitor triple therapy in patients on waiting
lists

The DAAs telaprevir and boceprevir, approved in 2011
for the treatment of genotype 1 HCV, increase the SVR
in both naive and previously treated patients[(m. However,
their use in cirrhotic patients is limited, and they have not
been approved for patients with decompensated cirrho-
sis, a situation common to many patients on waiting lists.
These patients can only receive these DAAs as off-label
therapy in selected cases and with great caution given the
limited information available. The concentration of bo-
ceprevir in patients with advanced cirrhosis (Child-Pugh
C) is between 45% and 62%'" higher, whereas the con-
centration of telaprevir may be reduced by 46% in pa-
tients in Child-Pugh B'””; no recommendations currently
existing for adjusting the dose in these cases. The lead-
in of PEG-IFN and RBV could prove useful to check
the tolerability in these patients before adding a protease
inhibitor.

Although few studies are available, the use of triple
therapy in patients on the liver transplant waiting list is
associated with high rates of early viral response; how-
ever, in up to 25% of cases, early withdrawal is necessary
because of secondary effects and 10% of patients experi-
ence decompensation of their disease™"™. Accordingly,
there is currently no general recommendation for the use
of triple therapy in patients on the liver transplant wait-
ing list, although it can be contemplated in select non-de-
compensated cirrhotic patients and under close control.

Protease inhibitor-based triple therapy post-LT

In transplanted patients, the increase in efficacy, appli-
cability and tolerance of this therapy, and the possible
interactions with other drugs, remain unknown and more
studies are required.

Although the evidence available for the efficacy of
triple therapy in transplanted patients is scarce, it has
shown increased rates of rapid and early viral response
with DAAs. The main limitation of triple therapy, how-
ever, is interaction with immunosuppressive drugs. Tela-
previr and boceprevir are inhibitors of cytochrome P450
3A, responsible for the metabolism of both cyclosporine
and tacrolimus. Studies in healthy volunteers showed
that boceprevir and telaprevir increase the area under the
curve of cyclosporine and tacrolimus by 2.7- and 17-fold,
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: 72 .
respectively”. Some authors recommend reconversion to

cyclosporine in all possible patients before starting triple
therapy. The levels of other immunosuppressors, such
as everolimus or sirolimus, may also rise because of the
same mechanism.

Only a few, small studies have assessed real-life ex-

perience with DAAs in post-transplant recurrence. The
preliminary data, obtained from the experience of single

(73-77] . . :
, show an increase in early viral response com-

pared with double therapy, although there is a need to
reduce the dose of cyclosporine, particulatly tacrolimus,
and a greater rate of secondary effects.

Coilly ez /" undertook the first multicenter study

comprising 37 patients with recurrence of HCV. The
end-of-treatment virological response rate was 72% in the
boceprevir group and 40% in the telaprevir group. The
cyclosporine dose was reduced 1.8-fold with boceprevir
and 3.4-fold with telaprevir. The use of tacrolimus ne-
cessitated reducing the dose 5-fold with bocepevir and
23-fold with telaprevir.

Another multicenter study[78], this time involving 60

patients treated with triple therapy (35 with telaprevir
and 25 with boceprevir), showed early SVR rates that
were better than those with double therapy. Most patients
needed a reduction in their immunosuppressive drugs
from the first day of antiviral therapy, with strict control
of the blood levels. The results concerning efficacy coin-
cided with those of the individual study reported initially.

The secondary effects of triple therapy also constitute

a limitation to its use in transplant patients, who frequent-
ly have a reduction in the doses of PEGylated interferon
and rivabirin, high rates of early withdrawal from treat-
ment and the requirement for colony-stimulating factors.

The main secondary effect is medullary toxicity, with

a greater incidence of cytopenia than in non-transplant
patients, particularly anemia, requiring a reduction in the
dose of ribavirin and the addition of erythropoietin, in

up to 95% of cases according to some series’”. The re-

quirement for transfusions is also more common. Other
secondary effects reported include skin symptoms, ano-
rectal syndrome and dysgeusia.

Both the multicenter studies mentioned above report-

ed the presence of severe infections, with sepsis being

[7,78]

Rejection, described with the standard treatment in

relation to interferon, may be more common in patients
treated with triple therapy, particularly at the end of this
treatment, because of the recovery of cytochrome p450
activity and therefore of the metabolism of the immu-
nosuppressors, with a sudden and severe reduction in
plasma levels.

Thus DAAs open up a hopeful new era in the treat-

ment of post-transplant HCV relapse, especially that
caused by the increase in viral response rates, which could
even warrant the consideration of anticipatory treatment
in this group of patients. Nonetheless, further studies and
evidence are required, from both clinical trials and real-
life experience, particularly concerning tolerability and
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safety. Precisely because of this limitation, the future per-
spectives, such second generation DAAs and interferon-
free treatment, are also promising.

CONCLUSION

Hepatitis C recurrence continues to present a major
challenge in LT. Despite recent advances, the results in
patients with HCV infection are not satisfactory, mainly
because of recurrence of the primary disease and a lack
of availability of an efficient prophylactic therapy. Like-
wise, antiviral therapy still presents important limitations,
particularly its poor tolerance, which hinders its use at
full doses or for a sufficient duration to achieve an ad-
equate response. The most recommended attitude is to
attempt antiviral therapy before the transplant, particu-
larly for those patients with maintained liver function,
in an attempt to avoid disease progression; however, if
this is not possible, at least reach transplantation with
a negative viremia. Once recurrence is established, the
principles of management include optimal donor selec-
tion, eatly identification of HCV recurrence, diligent and
aggressive use of antiviral therapy, and close attention to

immunosuppression management. Strict monitoring of
the progtression of the fibrosis by setial biopsies and/or
elastography will enable early identification of those pa-
tients who might benefit from antiviral therapy to delay
the advance of the disease and thus avoid the need for a
retransplant. The introduction of DAAs is provides hope
for the development in the near future of new protocols
with novel antiviral drugs for LT that are safer and more
effective.
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