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Abstract
End stage liver disease from hepatitis C is the most 
common indication for liver transplantation in many 
parts of the world accounting for up to 40% of liver 
transplants. Antiviral therapy either before or after liver 
transplantation is challenging due to side effects and 
lower efficacy in patients with cirrhosis and liver trans-
plant recipients, as well as from drug interactions with 
immunosuppressants. Factors that may affect recur-
rent hepatitis C include donor age, immunosuppres-
sion, IL28B  genotype, cytomegalovirus infection, and 
metabolic syndrome. Older donor age has persistently 
been shown to have the greatest impact on recurrent 
hepatitis C. After liver transplantation, distinguishing 
recurrent hepatitis C from acute cellular rejection may 
be difficult, although the development of molecular 
markers may help in making the correct diagnosis. The 
advent of interferon free regimens with direct acting 
antiviral agents that include NS3/4A protease inhibitors, 
NS5B polymerase inhibitors and NS5A inhibitors holds 
great promise in improving outcomes for liver trans-
plant candidates and recipients.
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Core tip: Recurrent hepatitis C impacts graft and pa-
tient survival following liver transplant. Preventing ag-
gressive hepatitis C virus (HCV) recurrence by selecting 
appropriate donor allografts for HCV patients and care-
ful management of immunosuppression in the post-
transplant setting remain crucial. Direct acting antiviral 
therapy in patients awaiting transplant may prevent 
HCV re-infection post-transplant and has the potential 
to fundamentally change the natural history of hepatitis 
C in liver transplant recipients.
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BACKGROUND
End stage liver disease due to hepatitis C virus (HCV) 
infection remains a leading indication for liver transplan-
tation (LT) worldwide. While eradication of  virus prior 
to LT is ideal, currently available antiviral therapy for 
those awaiting transplant is limited by toxicities and low 
response rates. Viral recurrence following LT is immedi-
ate and universal. There are donor, host, and transplant 
related factors which increase the likelihood and severity 
of  recurrence. Some of  these factors are modifiable.

Recurrent HCV infection is associated with more 
rapid fibrosis progression leading to higher rates of  graft 
loss and patient mortality compared to patients trans-
planted for non-HCV etiologies. Post-transplant HCV 
antiviral treatment is also challenging due to poor toler-
ability, drug-drug interactions with immunosuppressant 
agents, and low response rates. Re-transplantation for 
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allograft cirrhosis due to recurrent HCV remains contro-
versial. This review will address pre- and post-transplant 
hepatitis C infection, antiviral treatment strategies, and 
the future role of  direct acting antiviral agents.

TREATMENT OF HEPATITIS C IN 
CIRRHOTIC PATIENTS AWAITING LIVER 
TRANSPLANTATION
The most effective way to avoid post-LT HCV recur-
rence is to eradicate virus prior to transplant. Treating pa-
tients who are awaiting transplant, however, has been dif-
ficult with currently available regimens due to side effects 
and limited efficacy. The best-suited treatment candidates 
are those with compensated cirrhosis [Child-Pugh class A, 
model for end-stage liver disease (MELD) < 13] or those 
with hepatocellular carcinoma (HCC) as the primary in-
dication for transplant. Unfortunately, this scenario is not 
the norm for most liver transplant candidates who have 
advanced liver failure.

Several published studies have examined the role of  
standard or pegylated interferon (PEG-IFN) with or 
without ribavirin (RBV) before liver transplantation in 
cirrhotic patients (Table 1). One large single-center study 
treated 124 patients (mean MELD score 11.0 ± 3.7) with 
a low accelerating dosage regimen (LADR) of  antiviral 
therapy[1]. Most patients were treated with interferon alfa-
2b and RBV; PEG-IFN and RBV was reserved for use 
in the retreatment of  15 patients. Treatment was initiated 
with half  doses of  interferon and RBV. Dose adjustments 
were made every 2 wk to reach maximally tolerated or 
target standard doses. Sustained virologic response (SVR) 
was achieved in 13% of  patients with genotype 1 HCV 
and 50% of  patients with non-1 genotypes. Twelve of  15 
patients who were HCV-RNA negative prior to LT re-
mained virus negative 6 mo or more after transplant. Fif-
teen patients experienced 22 serious adverse events (SAEs) 
including infection, diabetes mellitus, severe thrombo-
cytopenia, and venous thromboembolism[1]. This study 
showed an acceptable SVR for non-genotype 1 patients 
with advanced disease, but highlighted the importance of  
following these patients closely while on treatment, pref-
erably with the safety net of  liver transplantation in place.

Carrión et al[2] published the first study using PEG-
IFN and RBV in hepatitis C patients awaiting LT. Fifty-
one patients with HCV cirrhosis (mean MELD 12) were 
matched to 51 untreated controls. While the on-treatment 
virologic response was 47%, 29% were HCV RNA nega-
tive at the time of  LT, and only 20% achieved a SVR 
after LT. Early virologic response and non-1 genotype 
were the strongest predictors of  viral clearance. Child-
Pugh B/C patients had a particularly high incidence of  
bacterial infection with bacteremia and spontaneous 
bacterial peritonitis. Three control and 12 treated patients 
developed 3 and 19 bacterial infections, respectively. The 
authors recommended using caution when treating those 
with decompensated disease who are not on prophylactic 

antibiotics[2].
A randomized controlled trial (LADR-A2ALL) evalu-

ated PEG-IFN and RBV in a cohort of  79 patients with 
advanced HCV who were candidates for adult living 
donor LT[3]. Patients with genotypes 1/4/6 (n = 44/2/1) 
were randomized 2:1 to treatment or untreated control; 
HCV genotypes 2/3 (n = 32) were assigned to treatment. 
Two groups of  adult patients were included: those who 
had a potential living donor and those with HCC eligible 
for a MELD upgrade; the average native MELD score 
was 12 in both the treated and control groups. Pre-trans-
plant treatment achieved post-transplant viral clearance 
(pTVR = negative viral load 12 wk after transplant) in 
25% of  patients. The only factor predictive of  pTVR was 
longer duration of  pre-transplant treatment. More spe-
cifically, pTVR was 0%, 18%, and 50% in patients treated 
for < 8, 8-16, and > 16 wk, respectively. SAEs occurred 
during the course of  treatment and the number of  SAEs 
per patient was higher in the treated group (2.7 vs 1.3, P = 
0.003). In fact, after several serious infections, the authors 
broadened the use of  antibiotic prophylaxis to include 
patients with a current or past history of  ascites.

Triple therapy using first generation HCV NS3/4A 
protease inhibitors for genotype 1 HCV led to improved 
SVR rates overall. However, it’s important to note that 
relatively few patients with advanced fibrosis were in-
cluded in the phase 3 registration trials of  telaprevir and 
boceprevir[4,5]. Patients with advanced fibrosis and prior 
relapse to interferon therapy actually did better than 
treatment naïve patients with advanced fibrosis (Table 
2)[6,7]. Unfortunately, the initial enthusiasm to treat those 
chronic hepatitis C patients with cirrhosis with first gen-
eration triple therapy was tempered by an unfavorable 
side effect profile. The risks associated with triple therapy 
in cirrhotics were perhaps best outlined by the prospec-
tive observational multi-center French study (ANRS-CU-
PIC) study which compared on-treatment response with 
TVR (n = 285) and BOC-based (n = 204) triple therapy 
in compensated genotype 1 cirrhotics who were partial 
responders or relapsers to prior dual therapy[8]. The week 
16 on-treatment virologic response data showed that 
67% of  the TVR group and 58% of  the BOC group had 
undetectable HCV viral loads. The high rate of  SAEs in 
both groups (33%-45%) contrasted starkly to the 9%-14% 
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Table 1  Treatment of hepatitis C virus cirrhosis with interferon 
and ribavirin

Ref. n Child 
score

Treatment Mean 
treatment 

duration (mo)

End of treatment 
response/post-

LT SVR

Everson et al[1] 124 7 IFN and 
RBV

6-12 46%/30%

Carrion et al[2]   51 88% A 
or B

PEG-IFN 
and RBV

3 29%/20%

Everson et al[3]   63 7 PEG-IFN 
and RBV

4 59%/25%

LT: Liver transplantation; PEG-IFN: Pegylated-interferon; RBV: Ribavirin; 
IFN: Interferon; SVR: Sustained viral response rate.



SAE rate seen in the phase 3 trials that led to licensing of  
the protease inhibitors. Anemia was especially problem-
atic as 46%-54% of  patients required erythropoietin and 
6%-16% required blood transfusions[8]. The availability 
of  better and safer next generation direct acting antiviral 
therapy, such as sofosbuvir, has quickly caused providers 
to abandon first generation triple therapy with TVR and 
BOC as a treatment strategy.

NATURAL HISTORY OF HEPATITIS C 
AFTER LIVER TRANSPLANT
HCV infection recurs universally in LT recipients who 
are viremic at transplantation. Viral kinetic studies have 
shown that replication begins as early as the first post-
operative week and typically peaks by the fourth post-
operative month. Virus levels at one year post-LT are 
10-20 fold greater than pre-transplant[9]. Histologic stud-
ies have shown accelerated fibrosis progression compared 
to immunocompetent patients infected with HCV. A 
retrospective cohort study of  183 liver transplant recipi-
ents with HCV looked at fibrosis progression based on 
protocol liver biopsies done over a 10 year period. Fibro-
sis progression was non-linear, increasing exponentially 
during the first three years post-LT. Having advanced 
fibrosis (> stage 2) 1 year post-LT led to a 15-fold in-
crease in HCV-related graft loss[10]. Cirrhosis occurs in up 
to 20% of  patients within 5 years of  LT. The cumulative 
probability of  decompensation 1 year after developing 
cirrhosis is 30%. Once decompensated cirrhosis occurs, 
the 1 year-survival rate is poor at 46%[11].

CLASSIFICATION OF RECURRENT 
HEPATITIS C
Standardized definitions of  recurrent hepatitis C and its 
various forms were proposed by an international consen-
sus conference and published in 2003[12]. Recurrent HCV 
infection is defined by the presence of  HCV RNA in 
serum and/or liver. Acute recurrent HCV is often associ-
ated with elevated aminotransferases and typically occurs 
within 6 mo of  LT, though it can occur any time post LT. 
Histologically, reinfection of  the graft with HCV is char-

acterized by lobular hepatitis, focal hepatocyte necrosis, 
acidophil bodies, and macrovesicular steatosis. Chronic 
recurrent HCV disease develops as a result of  acute 
recurrent HCV. Liver biopsy findings include chronic 
hepatitis with mixed portal, periportal, and lobular in-
flammation with variable degrees of  portal and periportal 
fibrosis[12].

A more detailed set of  criteria was proposed for fi-
brosing cholestatic hepatitis C (FCH). This includes (1) 
onset greater than 1 mo and usually < 6 mo after LT; (2) 
serum bilirubin greater than 6 mg/dL; (3) serum alkaline 
phosphatase and gamma-glutamyltransferase levels great-
er than 5 times the upper limit of  normal; (4) character-
istic histology with hepatocyte ballooning, a paucity of  
inflammation, and cholestasis; (5) very high HCV RNA 
levels; and (6) absence of  biliary or vascular complica-
tions[12].

IMPACT OF DONOR AND RECIPIENT 
RISK FACTORS ON HCV RECURRENCE 
AFTER TRANSPLANT
Risks due to donor allograft
The challenge to mitigate the risk of  HCV recurrence 
begins prior to transplant with the selection of  the ap-
propriate donor allograft when possible. Donor age influ-
ences the risk of  recurrent HCV and graft survival. For 
HCV positive recipients, donor age over 40[13] (or 50[14]) 
years old was found to be an independent predictor of  
graft loss and patient death in two large retrospective 
reports of  liver transplant recipients from the Scientific 
Registry of  Transplant Recipients (SRTR) and United 
Network of  Organ Sharing (UNOS) databases. Recent 
data also points to an association between the incidence 
of  FCH and the use of  allografts from older donors. 
Verna et al[15] reviewed 179 post-LT biopsies that had 
been initially categorized as demonstrating cholestatic 
hepatitis C and refined the classification of  FCH to 
include only those patients meeting at least 3 of  the fol-
lowing 4 pathologic criteria: (1) ductular reaction; (2) cho-
lestasis; (3) hepatocyte ballooning with lobular disarray; 
and (4) periportal sinusoidal/pericellular fibrosis (Figure 
1). With these more stringent standards, donor age (OR 
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Table 2  Treatment of hepatitis C cirrhosis with triple therapy

Fibrosis stage Drug Prior PEG-IFN responsiveness (n ) Treatment response Serious adverse events1 Ref.

Cirrhosis Telaprevir   21 62% SVR   9% [4]
Bridging fibrosis and cirrhosis Boceprevir   76 47% SVR 12% [5]

Relapse (n = 119) 85% SVR
Partial response (n = 50) 42% SVR
Null response (n = 88) 24% SVR

Bridging fibrosis and cirrhosis Boceprevir Relapse and partial response (n = 63) 56% SVR 12% [7]
Child A Telaprevir 285 67% (16 wk) 45% [8]

Boceprevir 204 58% (16 wk) 33%

1Serious adverse event rate for entire study population, % of patients with undetectable hepatitis C virus RNA at 16 wk following drug initiation, an interim 
analysis. PEG-IFN: Pegylated-interferon; SVR: Sustained viral response rate.
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vanced donor age or cold ischemic time > 10 h. Whether 
steatosis in and of  itself  modifies the risk of  HCV recur-
rence remains subject to interpretation and undoubtedly 
the topic of  future investigation.

The influence of  HCV recurrence has been studied 
in regard to split liver and living donor liver transplants 
as well. Two studies comparing recipients of  either a 
deceased or living donor liver transplant did not find any 
difference in HCV recurrence or graft survival at 2[21] and 
3[22] years. A study by Selzner et al[23] found that HCV+ 

recipients of  a living donor liver transplantation (LDLT) 
had less fibrosis progression at 24 mo than deceased 
donor HCV+ transplant recipients. Not surprisingly, the 
average donor age of  the LDLT recipients was younger 
than that deceased donor liver transplantations (DDLTs). 
Age > 45 years old was the only variable independently 
associated with fibrosis progression from their cohort of  
46 LDLTs and 155 DDLTs. Since split liver transplant 
recipients receive younger organs on average, it is not 
surprising that no differences have been shown in the 
small studies[24,25] with these grafts, either. Interestingly, 
Yoshizawa et al[26] reported two cases in which identical 
twins underwent LDLT from their respective siblings. In 
both cases, HCV recurrence occurred shortly after trans-
plant even in the absence of  immunosuppression. Fortu-
nately, both patients responded well to antiviral therapy.

Peri-operative factors to take into consideration in-
clude ischemia-reperfusion injury (IRI) and ischemia 
time. Several factors contribute to IRI, most notably 
donor status (cardiac vs brain death); and warm and cold 
ischemic time. A small, but well-controlled study by Watt 
et al[27] demonstrated increased mortality at 3 years (59% 
vs 82%, 59% vs 88%, P = 0.0055) in HCV+ recipients 
with preservation injury (PI) compared to non-HCV 
recipients with PI and HCV+ recipients without PI, who 
were matched for gender, age, and immunosuppression. 
In contrast, time to histologic HCV recurrence did not 
correlate with the severity of  IRI as defined biochemi-
cally by peak alanine aminotransfersase levels and on liver 
biopsy in a large retrospective cohort of  HCV+ transplant 
recipients[28]. The impact of  IRI on the risk of  HCV 
recurrence remains unclear due to potential confound-
ing from perioperative and donor factors. Taner et al[29] 
attempted to address confounding by exclusively compar-
ing HCV+ recipients of  a donation after cardiac death 
(DCD) allograft to HCV- recipients of  a DCD organ 
and HCV+ recipients of  a brain dead donor graft. In this 
large, single center experience no difference in patient or 
graft survival was found up to five years after transplant.

Lastly, HCV+ donors constitute a subset of  extended 
criteria donor allografts that may be considered given 
the organ shortage in liver transplantation. Marroquin et 
al[30] studied UNOS data from 1994-1997 and identified 
96 HCV+ allografts transplanted into HCV+ recipients, 
who were more likely to have been transplanted due to 
underlying hepatocellular carcinoma (8.3%) than those 
patients receiving an HCV- allograft (3.1%). Patients who 
received the HCV+ allografts had improved survival at 24 

= 1.37, 95%CI: 1.02-1.84, P = 0.04) and prior history of  
acute cellular rejection (OR = 4.19, 95%CI: 1.69-10.4, 
P = 0.002) were the strongest predictors of  developing 
FCH on multivariate analysis. Thus, transplanting older 
allografts into HCV recipients leads to worse outcomes 
due to recurrent HCV both in the short and long-term.

Weighing the risk-benefit ratio of  selecting an al-
lograft from a donor of  advanced age reflects the imbal-
ance between supply and demand in liver transplanta-
tion today. Another consequence of  this disparity is 
the increased reliance on potential donors with hepatic 
steatosis. Overall, recipients of  allografts with over 30% 
macrovesicular steatosis are at increased risk of  delayed 
graft function and primary graft non-function. However, 
the natural history of  hepatitis C recurrence in recipients 
of  fatty livers is less clear. Interestingly, macrovesicular 
steatosis at the time of  transplant has been shown to be 
a transient and reversible phenomenon[16,17]. As such, the 
mechanistic link between allograft steatosis and HCV 
reinfection is ambiguous. In a prospective study compar-
ing 56 HCV+ and 60 HCV- LT recipients[18], Burra and 
colleagues did not find a statistically significant difference 
between donor biopsy steatosis and patient or graft sur-
vival at 3 years. However, only 9.5% (11/116) of  the do-
nor biopsies in their study population had > 33% steato-
sis, limiting their ability to detect a statistical difference. 
In contrast, Briceño et al[19] found an inverse relationship 
between graft survival and donor liver steatosis in 120 
HCV+ LT recipients, of  whom 48/120 (40%) had > 30% 
donor steatosis. One year following LT, 40% of  patients 
who received a donor allograft with > 30% steatosis had 
histologic evidence of  HCV recurrence with ≥ stage 2 
fibrosis in comparison to only 17% in patients who re-
ceived a graft with < 30% steatosis. Their conclusion that 
HCV recurrence is more aggressive in patients receiving 
allografts with moderate/severe steatosis is subject to se-
lection bias, though, since their enrollment included only 
patients biopsied for elevated aminotransferases[20]. In 
summary, the presence of  allograft steatosis > 30% can 
be problematic for any LT recipient, but particularly in 
the context of  other extended donor criteria such as ad-

10671 August 21, 2014|Volume 20|Issue 31|WJG|www.wjgnet.com

Figure 1  Histopathology of fibrosing cholestatic hepatitis C. Histopathol-
ogy of fibrosing cholestatic hepatitis C demonstrating periportal sinusoidal and 
pericellular “chicken wire” fibrosis (trichrome, image magnification × 40) (Cour-
tesy of Carl Jacobs, MD, Department of Pathology, Carolinas Medical Center, 
Charlotte, NC, United States).
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mo compared HCV- allograft recipients (90% vs 77%, P 
= 0.01). A retrospective case control study of  39 HCV+ 
allografts transplanted over a 16-year period also showed 
no difference in overall survival, though fibrosis progres-
sion was more advanced in the HCV+ allograft recipients, 
and particularly those patients who received an HCV+ 
organ from a donor over age 50[31]. The synergism in 
risk encountered by transplanting an HCV+ organ from 
a donor > 45 years old was recently reaffirmed by the 
CRUSH-C investigators[32]. Nonetheless, survival data 
up to 5 years following OLT with HCV+ donors[33] con-
firms the utility of  these organs for genotype 1-positive 
recipients who have not achieved a sustained virological 
response to anti-HCV therapy before transplantation. 
With the promise of  direct acting antivirals for HCV now 
in view, transplant centers may continue to make use of  
these organs for appropriate patients.

Viral factors
HCV genotype affects recurrent hepatitis C with fibrosis 
progression from stage 1 to 2 more common in HCV 
genotype 1 transplant recipients compared to non-1 
genotypes (HR = 2.739, 95%CI: 1.047-7.143, P = 0.04)[29]. 
Pre and post-transplant viral loads appear to influence 
the risk of  HCV recurrence as well. A pre-transplant viral 
load > 1 × 106 vEq/mL was associated with increased 
mortality at 5-years post LT from an early study[34]. How-
ever, when pre-transplant HCV RNA level was incorpo-
rated into a model by the same investigators to predict 
outcomes in HCV+ transplant recipients, no difference 
in survival at 10 years was seen when compared to unin-
fected transplant recipients[35]. Post-transplant HCV RNA 
≥ 1 × 109 copies/mL at 4 mo following LT was associ-
ated with worse necroinflammatory activity as assessed 
by hepatitis activity index on protocol biopsies at 1 and 3 
years following LT[36]. Hanouneh et al[37] also reported an 
independent association (HR = 1.1, P = 0.004) between 
fibrosis progression and HCV RNA level at 4 mo follow-
ing transplant.

Cytomegalovirus (CMV) co-infection has consistent-
ly been shown to impact the risk of  HCV recurrence. 
CMV infection, defined as viremia requiring antiviral 
therapy, resulted in graft failure in 52% vs 19.1% (P = 
0.002) of  93 consecutive HCV+ transplant recipients[38]. 
Fibrosis (stage ≥ 2) on protocol liver biopsies at month 
4 was significantly higher (45% vs 16.4%, P = 0.01) in 
the co-infected patients compared to the CMV-group. 
CMV co-infection was associated with fibrosis progres-
sion by univariate analysis in a study of  HCV+ transplant 
recipients with and without metabolic syndrome[37]. In 
the aforementioned study on the risk of  DCD donation 
in HCV+ patients, CMV infection post-transplant was 
a significant factor for graft loss (HR = 3.367, 95%CI: 
1.493-7.593, P = 0.003)[29]. CMV viremia may alter the 
host immunological profile independent of  its effect on 
HCV replication[39].

Recent prospective data from a US consortium of  hu-
man immunodeficiency virus (HIV)/HCV investigators 

establishes HIV co-infection as a significant risk for graft 
failure[40]. Patient survival at 3 years post-LT was 60% in 89 
HCV/HIV-co-infected patients compared to 75% in 235 
HCV mono-infected patients (P < 0.001). However, after 
excluding 25 (28%) co-infected patients who met at least 
one of  the following criteria: (1) a body mass index < 21 
kg/m2; (2) a HCV+ donor allograft; or (3) a combined liver 
kidney transplant; patient survival was not statistically dif-
ferent in comparison to all the United States transplant re-
cipients ≥ 65 years old or liver transplant recipients trans-
planted for other indications. Acute rejection occurred 
more frequently in co-infected patients (39% vs 24%, 
HR = 2.1, P = 0.01), but HCV disease severity assessed 
on biopsy was not statistically different between the two 
groups. This finding is in contrast to the study by Duclos-
Vallée et al[41] where time to fibrosis progression (stage ≥ 
2) was significantly shorter in the co-infected population. 
The failure to detect a difference in fibrosis progression in 
the United States cohort is almost certainly a limitation in 
power (only 62% of  HIV/HCV patients had liver biopsies 
and multiple deaths occurred early from sepsis and multi-
organ failure), though it may also reflect different centers’ 
thresholds to begin antiviral therapy. In summary, HIV 
infection likely impacts HCV fibrosis progression in co-
infected transplant recipients. Careful patient selection is 
essential in order to achieve good outcomes.

Host factors
A number of  studies identify sex and race as modifying 
the risk of  HCV recurrence following transplant. The 
CRUSH-C investigators found that HCV+ women were 
at increased risk for bridging fibrosis or cirrhosis after 
transplant in comparison to their HCV+ male counter-
parts[42]. After multivariate analysis, female sex was found 
to be an independent predictor of  advanced fibrosis 
(HR = 1.31, 95%CI: 1.02-1.70, P = 0.04) and mortal-
ity (HR = 1.30, 95%CI: 1.01-1.67, P = 0.04). African 
American patients transplanted for HCV who receive an 
allograft from a racially matched donor have been shown 
to have excellent outcomes following transplant. Con-
versely, African American HCV+ recipients of  a racially 
mismatched allograft are at increased risk of  graft failure 
and death. Pang et al[43] reviewed UNOS data from 1998 
through 2007 and found a 5-year survival rate of  45% for 
racially mismatched pairs compared to 59% for a racially 
matched pairs. The survival rates for African American 
matched donor and recipient pairs was on par with HCV+ 
Caucasian transplant recipients. The risk associated with 
a mismatched donor was restricted to HCV+ African 
American recipients and not HCV negative African 
American transplant recipients. Two studies recently pub-
lished by Saxena et al[44] and Layden et al[45] reinforced the 
survival data by finding that racial mismatch is a signifi-
cant independent predictor of  advanced fibrosis. While 
the exact interaction between HCV, the host immune 
system, and the donor allograft genetic profile isn’t clear, 
the overwhelming data supports that racial mismatch is 
associated with poor outcomes in HCV+ African Ameri-
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can transplant recipients due to recurrent HCV disease.
Metabolic syndrome (MS) following LT is associated 

with worse outcomes after LT and may be an important 
modifiable risk factor. Hanouneh et al[37] reported an 
independent association between metabolic syndrome 
and fibrosis progression in HCV+ transplant recipients 
1-year following OLT. Similarly, Veldt et al[46] calculated 
the homeostasis model assessment of  insulin resistance 
(HOMA-IR) in 160 HCV+ patients 4 mo following trans-
plant and found that insulin resistance as defined by a 
HOMA-IR > 2.5 was independently associated with ad-
vanced fibrosis (HR = 2.07, 95%CI: 1.10-3.91, P = 0.024). 
The above two studies suggest a link between MS and fi-
brosis progression in HCV+ transplant recipients. Wheth-
er the influence of  MS on fibrosis progression is specific 
to HCV+ recipients or all transplants remains a question 
and further studies are needed. Lastly, HCV+ transplant 
recipients with hepatic steatosis (≥ 5%) on an index liver 
allograft biopsy 1 year post-LT may be at increased risk 
of  fibrosis progression[47]. The cumulative rate of  signifi-
cant fibrosis (Ludwig-Batts F2-F4) after a median follow-
up of  2 years after an index biopsy was 49% compared to 
24% for HCV+ recipients without steatosis on their index 

biopsy. Overall, MS is an important consideration follow-
ing liver transplant for any cause, particularly in view of  
the side effects of  lifelong immunosuppression. A com-
prehensive assessment for MS should be integrated into 
post-transplant care, especially in the HCV+ and nonalco-
holic fatty liver disease population (Table 3).

IL28B genotype
Genetic variation upstream of  the IL28B gene was origi-
nally found in GWAS to be associated with response 
to interferon therapy as well as spontaneous clearance 
after acute HCV infection, with the presence of  the 
“CC” genotype for rs12979860 predicting both of  the 
above favorable outcomes in the non-transplant setting. 
The impact of  donor and recipient IL28B genotype (for 
rs12979860) on HCV recurrence and outcomes following 
liver transplant has recently been the topic of  a number 
of  studies[48,49]. Duarte-Rojo et al[50] found that donor-CC 
genotype allograft recipients had a significantly higher 
average ALT, viral load, and rate of  fibrosis ≥ stage 2 at 
1 year compared to non-CC donor graft recipients. On 
the other hand, recipient “CC” genotype was associated 
with the exact opposite result with rates of  fibrosis ≥ 
stage 2 at 1 year of  only 19% compared to 38% for non-
CC recipient genotype (P = 0.012). The combination of  
both donor and recipient “CC” genotype was associated 
with a 90% sustained virological response to antiviral 
therapy. Interestingly, Duarte-Rojo found that donor-
CC genotype was independently associated with adverse 
outcomes - defined as cirrhosis, liver-related death, or re-
transplantation. This finding was not a result of  increased 
rates of  acute cellular rejection, however. In contrast, a 
survival analysis performed recently by Allam et al[51] did 
not demonstrate the same impact on donor IL28B geno-
type, perhaps due to grouping of  genotypes “CC” and 
“CT” together rather than comparing “CC” with non-CC 
genotypes. While it is safe to conclude that the unfavor-
able “T” allele in recipients is associated with a worse 
response to antiviral therapy as in the pre-transplant set-
ting, a consensus on the influence of  donor and recipient 
IL28B on outcomes following LT in HCV+ patients has 
yet to emerge. A comprehensive review of  IL28B geno-
type in transplantation for HCV is beyond the scope of  
this article, but the topic of  an excellent recent review[52]. 
Hopefully, the promise of  direct acting antiviral therapy 
will reduce the impact of  IL28B genotype.

Immunosuppression: Corticosteroids
Immunosuppression represents arguably the most critical 
factor to address with respect to HCV recurrence follow-
ing transplantation. A balance exists between maintaining 
appropriate immunosuppression and preventing aggres-
sive HCV recurrence. HCV+ recipients who receive high 
dose steroid treatment for acute cellular rejection are at 
risk for developing FCH. Donor age (OR = 1.37, P = 
0.04) and previous rejection defined as Banff  grade ≥ 5 
(OR = 4.19, P = 0.002) were found to be the two most 
important predictors of  developing FCH[15]. The associa-
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Table 3  Risk factors studied for association with more severe 
hepatitis C virus recurrence

Factor Evidence

Donor
   Age > 40 yr ↑↑↑
   Living donor ↔
   Split liver ↔
   DCD ↔
   HCV+ ↔
   Macrovesicular steatosis > 30% ↑↓
   IRI ↑↓
   IL28B “CC” genotype ↑↓
Virus
   HCV genotype 1 ↑
   High pre-transplant HCV RNA ↑
   HCV RNA 4 mo post LT ≥ 1 × 109 mEq/mL ↑↑
   CMV viremia ↑↑↑
   HIV coinfection ↑↑
Recipient
   Female sex ↑↑
   African American D/R mismatch ↑↑
   African American D/R match ↔
   Metabolic syndrome1 ↑
   IL28B non-“CC” genotype ↑
Immunosuppression
   Pulsed corticosteroids for  American College of Rheumatology ↑↑↑
   Tacrolimus (vs CsA) ↑↓
   Sirolimus ↑
   Thymoglobulin ↔
   Basiliximab ↔
   OKT3 ↑

1Metabolic syndrome defined by ATP-Ⅲ criteria 1 yr post liver transplantation 
(LT)[37], homeostasis model assessment-estimated insulin resistance > 2.5 4 
mo post LT[46], or hepatic steatosis ≥ 5% on an index liver allograft biopsy 1 
yr post-LT[47]. ↑: Evidence of increased risk; ↔: Evidence of no increased risk; 
↑↓: Indeterminate risk; DCD: Donation after cardiac death; HCV: Hepatitis C 
virus; CMV: Cytomegalovirus; HIV: Human immunodeficiency virus; CsA: 
Cyclosporin A; OKT3: Muromonab-CD3; IRI: Ischemia reperfusion injury.
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tion between steroid bolus therapy and early graft loss 
as well as death has been reported by others[34,53]. Data 
on the impact of  maintenance steroids following liver 
transplantation for HCV is less clear. The decision and 
timing to stop steroids varies across transplant centers[54]. 
Nonetheless, a meta-analysis by Segev et al[55] reported 
a reduced risk of  HCV recurrence for steroid free regi-
mens (RR = 0.90, P = 0.03), even though no individual 
trial met statistical significance. A recent study by Takada 
et al[56] evaluated the impact of  steroid avoidance on HCV 
recurrence following LDLT. Seventy-five patients were 
randomized to immunosuppression with either tacroli-
mus (TAC) plus a corticosteroid or TAC with mycophe-
nolate mofetil (MMF). HCV recurrence rates defined by 
a METAVIR fibrosis score ≥ 1 were not statistically dif-
ferent at either 1 or 3 years following transplant.

Calcineurin inhibitors
Cyclosporine (CsA) has been shown to inhibit hepatitis 
C viral replication in vitro, however, evidence supporting 
a benefit over tacrolimus with regard to HCV recurrence 
and fibrosis progression following transplant is incon-
sistent. The LIS2T trial was a prospective, open-label, 
randomized trial comparing CsA to tacrolimus[57]. In the 
HCV+ transplant recipients, death and graft loss were 
higher with tacrolimus compared to CsA (16% vs 6%, 
P ≤ 0.03) at 12 mo. However, it’s not clear that any of  
those deaths occurred as a result of  recurrent or fibrosing 
cholestatic hepatitis C. Moreover, there was no difference 
in fibrosis stage between the CsA and tacrolimus groups. 
A meta-analysis by Berenguer et al[58] that included 5 trials, 
totaling 366 patients failed to detect a difference between 
CsA vs tacrolimus-based regimens. A subsequent pro-
spective study comparing CsA and tacrolimus by Beren-
guer et al[59] involved 253 patients transplanted for HCV 
between 2001 and 2007. Severe recurrent disease defined 
as bridging fibrosis, cirrhosis, FCH, graft failure, and 
death occurred with the same frequency in both groups 
(CsA: 27% vs Tacrolimus: 26%, P = 0.68)

The decision to incorporate a CsA-based immunosup-
pression strategy in HCV+ patients after transplant typically 
revolves around beginning antiviral therapy for recurrent 
disease (see discussion below). Inhibiting HCV replication 
with CsA in vivo might conceivably augment the response to 
PEG-IFN and RBV. A study by Firpi et al[60] supported this 
claim with improved SVR rates with CsA vs tacrolimus 
(46% vs 27%, P = 0.03). However, a smaller controlled 
trial of  mostly genotype 1 patients randomized to either 
CsA or tacrolimus did not find a difference in SVR rates 
(39% vs 35%, P = 0.8)[61].

mTOR inhibitors 
Sirolimus may be prescribed after liver transplantation 
in patients intolerant to calcineurin inhibitors or for 
hepatocellular carcinoma or as primary immunosuppres-
sion. SRTR data from 26414 liver transplants (12589 for 
HCV) was analyzed to address risk factors for patient 
and graft survival[62]. 6.5% (795/12269) of  HCV+ trans-

plant recipients were prescribed sirolimus at the time of  
discharge from LT, and 3.5% of  these patients remained 
on the drug 1 year after transplant. Sirolimus was found 
on multivariate analysis to be associated with increased 
mortality within three years of  liver transplant in HCV+ 
recipients (HR = 1.26, 95%CI: 1.08-1.48, P = 0.0044), 
but not in non-HCV patients. On the other hand, all 
patients (HCV+ or HCV-) on tacrolimus-based regimens 
had improved overall survival. The authors performed a 
propensity analysis to account for the fact that patients 
who received sirolimus were more likely to have had 
HCC and also had significantly higher creatinine and 
MELD score prior to transplant. Sirolimus at baseline 
was still an independent risk factor for increased mortal-
ity at 3 years (HR = 1.29, 95%CI: 1.08-1.55, P = 0.0053). 
While the SRTR database does not capture biopsy data 
to determine whether the increased mortality in the 
sirolimus group was a result of  HCV recurrence, the 
mortality data certainly warrants pause and further inves-
tigation into the mechanism which may underlie the as-
sociation. The larger studies with everolimus in LT from 
Toronto[63] and Italy[64] have been powered to determine 
efficacy, safety, and renal protective benefits and not the 
impact on HCV recurrence.

MMF, T-cell depleting therapies, and IL-2 receptor 
inhibition
The addition of  MMF to immunosuppression regimens 
in the mid to late 1990s has had a positive impact on 
long-term outcomes following LT for all causes includ-
ing hepatitis C[65]. The data for thymoglobulin induction 
suggests that it is safe to use in HCV+ patients and that 
it may provide a benefit in terms of  slowing fibrosis 
progression[66]. This benefit may derive from lower rates 
of  acute cellular rejection. Interestingly, a study compar-
ing outcomes with routine induction with either thymo-
globulin or basiliximab after living donor liver transplant 
demonstrated more frequent HCV recurrence requiring 
antiviral therapy in patients who received rabbit thymo-
globulin[67]. Data demonstrate the safety profile of  basil-
iximab induction therapy in HCV+ transplant recipients. 
A randomized trial comparing basiliximab with or with-
out steroids indeed found that the steroid free group had 
less fibrosis at 6 mo, 1 year, and 2 years following trans-
plant[68]. With the exception of  OKT3, which has histori-
cally been associated with poor outcomes when used in 
HCV+ transplant recipients[69], the overall evidence sug-
gests an acceptable safety profile with the use of  thymo-
globulin or basiliximab.

ROLE OF PROTOCOL LIVER BIOPSIES
Transplant centers may perform annual protocol liver 
biopsies on HCV transplant recipients to assess disease 
progression. However, there is a lack of  uniformity re-
garding their use. A study from Spain evaluated protocol 
liver biopsies from 245 patients between 1991 and 1997. 
HCV infection +/- alcohol was the cause of  cirrhosis in 
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125 patients. Histologic evidence of  recurrent hepatitis 
C was present in 66% of  patients at 1 year and 80% at 3 
years post-LT. The cumulative probability of  developing 
stage 3 or 4 fibrosis was 41% at 5 years post-LT[70]. Based 
on these results, the authors concluded that the high 
prevalence of  abnormal histology and the rate of  fibrosis 
progression justify the use of  protocol biopsies.

A cohort of  264 HCV-infected liver transplant recipi-
ents who underwent protocol liver biopsies showed that 
the 12-mo biopsy had the best ability to stratify fibrosis 
progression. Twenty one percent of  patients with stage 
2-3/6 fibrosis at month 12 progressed to cirrhosis (stage 
5-6) within 5 years. The degree of  inflammation also cor-
related with fibrosis progression[71]. These studies support 
the role of  protocol liver biopsies and suggest that rapid 
fibrosis progressors can be identified within a year of  
transplant.

LIVER BIOPSY INTERPRETATION AFTER 
LIVER TRANSPLANTATION
One of  the most challenging diagnostic dilemmas for the 
hematopathologist and transplant team is distinguishing 
recurrent hepatitis C from acute cellular rejection on liver 
biopsy. The treatments are diametrically opposed; treat-
ment of  rejection requires more intensive immunosup-
pression which may exacerbate recurrent hepatitis C and 
treatment of  hepatitis C with interferon based therapy 
may provoke an immune mediated injury or plasma cell 
hepatitis.

An understanding of  the timing of  reinfection and 
features on liver biopsy can help distinguish recurrent 
hepatitis C from rejection. Immediately after liver trans-
plant hepatitis C virus infects the liver allograft. Within 
the first several weeks after liver transplantation serum 
HCV RNA levels are approximately 1-log higher com-
pared to non-transplant HCV patients. Elevations in ami-
notransferases and an acute hepatitis with a lobular lym-
phocytic infiltrate may be seen two to six months after 
transplant. Thus, monitoring HCV viral load within the 
first 3 mo after transplant may be helpful because high 
viral load may support recurrent hepatitis C as a cause for 
elevated liver tests.

Although recurrent hepatitis C and acute cellular 
rejection may have similar pathologic findings on liver bi-
opsy several features on biopsy may be helpful in distin-
guishing the two diagnoses (Table 4). The histopathologic 
variants of  hepatitis C that have been described include 

usual or conventional hepatitis C, fibrosing cholestatic 
hepatitis C, plasma-cell rich hepatitis C, and HCV over-
lapping with acute and chronic rejection. The plasma 
cell rich hepatitis is seen in patients on interferon based 
antiviral therapy who typically are on low levels of  immu-
nosuppression and have low or undetectable serum HCV 
RNA. Plasma cells are not a feature of  acute cellular re-
jection, although they may be seen in antibody mediated 
rejection.

HCV evolution in liver allografts in the acute phase 
of  reinfection during the first 1-3 mo after liver trans-
plant shows lobular disarray, Kupffer cell hypertrophy, 
hepatocyte apoptosis, macrovesicular steatosis, mild sinu-
soid lymphocytosis and portal inflammation[72]. Damage 
of  bile ducts by infiltrating lymphocytes is usual mild, in 
contrast to acute cellular rejection where biliary epithe-
lium damage can be severe. This constellation of  findings 
can be useful in distinguishing recurrent hepatitis C from 
acute cellular rejection (Table 4).

Molecular and immunologic diagnostics have been 
used to distinguish hepatitis C from rejection or to 
identify recipients with aggressive hepatitis C[73-76]. A cir-
rhosis risk score was developed from a 7-gene signature 
that accurately identified liver transplant recipients who 
developed advanced fibrosis on liver biopsy after liver 
transplantation[73]. A prospective study of  an immune 
functional assay found that the immune response was sig-
nificantly higher in recipients with features of  acute cel-
lular rejection on liver biopsy compared to recipients with 
features of  recurrent hepatitis C (P < 0.001)[74]. Hepatitis 
C recurrence has been associated with genes associated 
with cytotoxic T cells profile and acute cellular rejection 
was associated with an inflammatory response gene pro-
file[75]. Increased expression of  miRNA-146a, miRNA-
19a, miRNA-20a, and miRNA-let7e was seen in hepatitis 
C recipients with slow fibrosis progression[76]. Molecular 
profiling is not widespread and needs further validation 
for distinguishing rejection from hepatitis C recurrence 
or for identifying hepatitis C recipients at greatest risk for 
progressing to cirrhosis.

TREATMENT OF RECURRENT HCV 
AFTER TRANSPLANT
Cirrhosis develops in approximately 20% of  HCV+ 
transplant recipients within 5 years of  LT[77,78]. The 5-year 
survival following a liver transplant for HCV is signifi-
cantly worse than for non-HCV related disease (69.9% 
vs 76.6%, P < 0.0001)[79]. Furthermore, only 25% of  pa-
tients treated with standard dual therapy following trans-
plant (PEG-IFN and RBV) achieve an SVR. Thus, the 
impact of  direct acting antiviral therapy (DAA) for HCV 
cirrhotic patients awaiting transplant and for patients 
with recurrent disease requiring treatment, is potentially 
life prolonging - if  not life altering.

Preventing allograft reinfection by treating HCV+ 
patients awaiting transplant will continue to be a key 
objective. As discussed above, clinical trials with dual 
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Table 4  Liver biopsy findings in recurrent hepatitis C and 
acute cellular rejection

Favors hepatitis C Favors rejection

Apoptotic (Councilman) bodies Central venulitis
Lymphoid aggregates Perivenular necrosis
Kupffer cell hypertrophy Inflammatory bile duct damage
Mononuclear portal inflammation Biliary epithelial senescence changes
Ballooning degeneration
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therapy (PEG-IFN and RBV) in HCV+ patients awaiting 
transplant have had disappointing rates of  SVR follow-
ing LT (Table 1). Triple therapy (PEG-IFN, RBV, and 
either TVR or BOC), even in compensated cirrhotics, 
is poorly tolerated and risks serious adverse outcomes 
in Child’s A patients[8]. Interferon free trials with DAAs 
in patients awaiting transplant is an exciting area of  re-
search. One such trial recently presented in abstract form 
is (NCT01559844), an open-label study with the NS5B 
polymerase inhibitor, sofosbuvir, and RBV, which was 
designed specifically to determine the SVR rate 12 wk 
following LT in patients with HCV and HCC awaiting 
transplant[80]. Of  the 26 patients who received sofosbuvir 
and RBV prior to transplant and who had HCV RNA 
levels < 25 IU/mL just prior to LT, 18 (69%) attained an 
SVR 12-wk following LT. Based upon this compelling 
data, sofosbuvir gained FDA approval with an additional 
indication for treatment in the pre-transplant setting 
for up to 48 wk in combination with RBV in chronic 
hepatitis C patients with HCC awaiting LT. This strategy 
promises to have an immediate and profound impact on 
HCV+ transplant recipients. Finally, antibody therapy di-
rected against the HCV envelope protein is another tactic 
under investigation to prevent allograft reinfection which 
may yet prove efficacious particularly in combination 
with DAAs[81].

No data supports pre-emptive antiviral therapy in 
the first six months after LT for HCV[82]. Nevertheless, 
this approach will likely be reevaluated when safer oral 
therapies are available. Early post-transplant therapy is 
reserved for patients with FCH, who are at risk for rapid 
graft failure without treatment. Unfortunately, PEG-IFN 
and RBV are rarely successful for FCH, and the addition 
of  boceprevir or telaprevir has not afforded dramatically 
improved response rates, either. Moreover, triple therapy 
is even harder for these typically decompensated patients 
to tolerate. The pharmaceutical industry, recognizing the 
high mortality associated with a diagnosis of  FCH has 
made some of  their DAAs available to physicians on a 
compassionate use basis with some excellent reported 
outcomes[83,84].

Apart from FCH, antiviral therapy for recurrent HCV 
after liver transplant is typically reserved for those patients 
with at least stage 2 fibrosis and/or moderate to severe 
necroinflammatory activity on liver biopsy. A meta-anal-
ysis by Wang et al[85] evaluated the efficacy of  PEG-IFN 
and RBV after transplant and found a pooled SVR rate 
of  27% and a pooled discontinuation rate of  26%. The 
decision to begin dual therapy must also weigh the risk 
of  immune-mediated graft dysfunction developing from 
exposure to PEG-IFN[86]. Historically, maintenance ther-
apy with long-term, low-dose PEG-IFN, with or without 
RBV, has been used with a hope of  delaying progression 
of  fibrosis in recurrent HCV patients who do not attain 
an SVR with treatment after transplant, but do achieve 
a reduction in viral load and improvement in LFTs with 
treatment. However, no clinical trial has demonstrated a 
benefit of  this approach.

Given the unsatisfactory SVR rates for standard therapy, 
it is not surprising that a flurry of  off-label use of  TVR 
and BOC began when the first generation protease in-
hibitors became available for genotype 1 patients. Triple 
therapy after transplant is particularly challenging since 
TVR and BOC inhibit cytochrome P450 3A4, which is 
responsible for the metabolism of  CsA and tacrolimus. 
CsA levels increased approximately 4.6-fold following 
co-administration with TVR in healthy controls subjects 
while the corresponding number with tacrolimus was 
70-fold[87]. An analysis of  pharmacokinetic data with 
TVR 1125 mg BID combined with PEG-IFN/RBV in 
liver transplant recipients requiring HCV therapy was 
recently presented[88]. Among the 19 subjects, 16 were 
maintained on tacrolimus. With co-administration of  
TVR, the average dose of  tacrolimus was 0.5 mg given 
at an average interval of  every 168 h. (range = 96-607 h). 
Transplant centers are carefully utilizing triple therapy, 
often, but not exclusively, after converting patients from 
tacrolimus to CsA. Pungpapong et al[89] recently reported 
the Mayo experience of  66 patients who received triple 
therapy. TVR was given for 12 wk in combination with 
PEG-IFN (starting dose 135 μg weekly) and RBV, fol-
lowed by PEG-IFN and RBV for 36 wk. The CsA dose 
was reduced by 75%-100%. Sixty-seven percent (14/21) 
of  TVR-treated patients had an undetectable HCV RNA 
at week 24 in this preliminary analysis. Forty-five percent 
(10/22) of  the BOC-treated patients had undetectable 
HCV RNA at week 24. Dose reductions of  PEG-IFN 
were required for leukopenia in 75% of  patients and 
RBV dose reductions occurred in all but 4 of  the 66 
study patients. Recent results from the CRUSH-C con-
sortium confirm similar efficacy with triple therapy[90] 
(Figure 2). Ninety-six percent of  the 112 patients studied 
had a lead-in period of  dual therapy prior to beginning 
TVR (88%) or BOC (12%). The more frequent calci-
neurin inhibitor used was CsA (61%) with an average 
dose reduction of  75%. The median time from liver 
transplant for the population was 3.7 years and 84% had 
≥ stage 2 fibrosis. Forty-three patients had follow-up of  
sufficient duration to measure an HCV viral load 4 wk 
(SVR4) after completing 48 wk. The SVR4 in this group 
was 65%. Ideally, the natural history of  hepatitis C infec-
tion after transplant will change significantly with the 
availability of  DAA, but these rates are encouraging for 
those patients who have not had the luxury of  waiting 
for the newer agents.

RE-TRANSPLANT FOR HEPATITIS C
While re-transplantation for primary non-function or 
hepatic artery thrombosis is generally accepted, re-trans-
plant for allograft failure due to recurrent HCV is a more 
contentious issue. A United States study group compris-
ing 11 transplant centers compared survival after re-
transplantation in patients with recurrent HCV and those 
re-transplanted for other indications. The overall 1-year 
and 3-year survival rates were lower, but not significantly 
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different, for patients re-transplanted for recurrent HCV 
(1 year, 69%, 3 year, 49%) compared to those re-trans-
planted for other causes (1 year, 73%, 3 year, 55%, P = 
0.74). None of  the 4 patients re-transplanted FCH were 
survived 1 year after re-transplant. Most notably, there 
seemed to be little enthusiasm for evaluating patients with 
HCV for re-transplant. Thirty percent of  patients with 
allograft failure from recurrent HCV were not considered 
for re-transplant and only half  of  those evaluated for re-
transplant were listed for transplant. The most common 
problems precluding re-transplant were recurrent HCV 
within 6 mo (22%), FCH (19%), and renal insufficiency 
(9%)[91].

There have been multiple studies evaluating risk fac-
tors of  mortality following re-transplantation for HCV. 
Ghabril et al[92] evaluated 1034 HCV-infected patients 
and 1249 non-HCV-infected patients who underwent 
re-transplantation. Based on multivariate analysis, the 
independent predictors of  mortality were recipient age, 
MELD score > 25, re-transplant during the first year af-
ter LT, donor age > 60, and a warm ischemia time of  ≥ 
75 min. Predictive models have been evaluated to select 
re-transplant candidates with the best potential outcomes. 
One such score was devised by focusing on HCV-infect-
ed patients from a large registry population. Variables 
included donor age, recipient age, creatinine, albumin, 
INR at the second transplant, and the interval between 
transplants. However, the receiver operating characteristic 
area under curve was a disappointing 0.643 at 3 years[93]. 

Though some of  the above-mentioned risk factors are 
modifiable, performing re-transplants in patients with 
lower MELD scores using high quality donors may not 
be feasible given the donor shortage.

CONCLUSION
For more than a decade clinicians managing patients 
with hepatitis C awaiting liver transplant or who have 
had a liver transplant have been challenged in treating 

these patients. Antiviral therapy has been associated with 
substantial side effects with only modest efficacy. In ad-
dition, some liver transplant recipients develop rapid fi-
brosis progression while others coexist with the virus for 
years seemingly without any significant problems. Few 
modifiable factors have been identified to distinguish the 
two groups, although molecular markers hold promise as 
a predictive tool for fibrosis progression. The develop-
ment of  potent direct acting antiviral agents will hope-
fully obviate the need for interferon, and in the long-
term provide a panacea that fundamentally changes the 
outcome for patients infected with this virus.
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