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Abstract
Since the advent of direct acting antiviral (DAA) agents, 
chronic hepatitis C virus (HCV) treatment has evolved 
at a rapid pace. In contrast to prior regimen involving 
ribavirin and pegylated interferon, these newer agents 
are highly effective, well-tolerated, have shorter course 
of therapy and safer essentially in all HCV patients 
including those with advanced liver disease and following 
liver transplantation. Clinicians caring for HCV-infected 
patients on the liver transplant (LT) waitlist are often 
faced with a dilemma whether to treat HCV infection 
before or after liver transplantation. Sustained virological 
response (SVR) rates following HCV treatment may 
improve hepatic function sufficiently enough to negate 
the need for LT in certain patients. On the other hand, 
the decrease in MELD without improvement in quality of 
life in certain patients may lead to delay or dropout from 
potentially curative LT surgery list. In this context, our 
review focuses on the approach to and optimal timing of 
DAA-based treatment of HCV infection in LT candidates 
in the peri-transplant period.
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Core tip: Optimal timing of antiviral therapy for hepatitis 
C virus (HCV) infection in liver transplant candidates 
using second generation direct-acting antivirals is 
debated. Available evidence lacks conviction if the viral 
eradication is beneficial in all HCV patients before liver 
transplantation. We aim to review the current literature 
to better delineate the appropriate timing of HCV 
treatment in the era of direct-acting antiviral agents.
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection continues 
to be a major cause of chronic liver disease in the 
United States (US) despite the overall decline in the 
incidence in recent years. Based on current estimates, 
2.7 to 3.5 million persons are infected with chronic 
HCV (1.0%-1.5% of US population) and HCV-related 
liver disease accounts for more than 15000 deaths 
annually[1-3]. With 30% of all adult liver transplant 
surgeries performed annually in patients with HCV-
related end-stage liver disease, HCV continues to be 
the leading indication for liver transplantation (LT) in 
the US[4,5]. However, with the introduction of second 
generation direct-acting antiviral (DAA) agents five 
years ago, the paradigm of HCV treatment landscape 
has shifted dramatically. With a very favorable safety 
profile and high rates of sustained virological response 
(SVR) of over 95%, the newer and all-oral DAA-
based regimens have provided an unprecedented 
opportunity to cure HCV. Although HCV-disease burden 
remains substantial at the moment, it is estimated that, 
within next decade, most patients with HCV in clinical 
practice will likely have attained SVR[6]. Furthermore, 
SVR can forestall the progression of liver disease with 
subsequent reduction in liver-related complications 
including hepatocellular carcinoma (HCC), hepatic 
decompensation, and both liver related as well as all-
cause mortality[7]. Although the newer DAA-based 
therapy has been highly effective, the optimal timing of 
HCV treatment in LT candidates is unclear and remains 
a subject of much debate. Achieving SVR following a 
DAA-based therapy in LT candidates with HCV-related 
cirrhosis may result in decrease in the Model for End-
Stage Liver Disease (MELD) score without a significant 
improvement in quality of life due to persistence of end-
stage liver disease-related complications (a concept of 
‘MELD purgatory’)[8,9]. Furthermore, the improvement in 

MELD score may result in removal of these candidates 
from transplant waitlist thus reducing the likelihood of 
undergoing LT and potentially contributing to waitlist 
mortality. In addition to examining the validity of 
‘MELD purgatory’, we seek to evaluate the current data 
pertaining to chronic HCV treatment in the context of 
liver transplantation.

Natural History of HCV prior to 
Liver Transplantation
HCV can cause both acute and chronic infections 
although the latter is more common. Within two weeks 
after exposure to HCV, up to 20% of patients develop 
acute hepatitis, which is often asymptomatic although 
a few may experience nausea, anorexia, malaise, 
and jaundice. Due to inability to spontaneously clear 
the virus, a clear majority of patients (approximately 
55%-85%) develop chronic HCV infection. As a result of 
chronicity and slow progression, HCV leads to cirrhosis 
in 10%-40% of patients over a period of 20-30 years[10]. 
However, in certain populations such as those with 
HIV co-infection, elderly patients, and liver transplant 
recipients, a rapid progression to advanced stages of 
liver disease can occur[11]. Since most patients with 
chronic HCV infection are asymptomatic, the diagnosis 
of HCV is often delayed until after the development of 
cirrhosis or onset of an index complication. After the 
onset of cirrhosis, the rates of hepatic decompensation 
in these patients are 3%-6% and annual risk of HCC 
is 1%-5%[12]. The rates of decompensation and HCC 
are influenced by interplay of a variety of host and viral 
factors. HCV accounts for 55% of all HCC in cirrhosis 
patients currently, making it the leading cause of 
HCC in the US[13]. There is 15%-20% risk of mortality 
within one year after the development of hepatic 
decompensation, and LT usually serves as the only life-
saving therapeutic option[14].

Natural history of HCV in Liver 
Transplant Recipients
HCV-infected patients with end-stage liver disease 
with or without HCC have a clear survival advantage 
with LT, which serves as a curative therapy. However, 
in patients with pre-transplant viremia who do not 
receive HCV treatment prior to LT, post-transplant HCV 
recurrence is usually immediate and universal. HCV 
reinfection results in graft dysfunction with progression 
to cirrhosis in about one-third of patients within 5 years 
after LT compared to less than 5% in non-transplant 
patients[15]. Spontaneous viral clearance following 
LT is reported in a few published cases although the 
underlying mechanism is not clearly understood[16]. 
Nevertheless, HCV infection of allograft has protracted 
course with rapid progression and higher mortality risk 
compared to non-transplant chronic HCV infection. 
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The recurrent HCV infection is defined as presence 
of HCV RNA in serum and/or liver, however histological 
confirmation is required for establishing the recurr
ent disease[17]. Histopathological changes related to 
recurrent disease in the allograft are similar to those of 
an immunocompetent patient, usually develop within 
3 months after the LT surgery, with 70%-90% of trans
plant recipients demonstrating the changes of chronic 
hepatitis at 1 year, and 90%-95% at 5 years[18]. 
Similarly, the rates of decompensation after onset of 
graft cirrhosis are > 40% and > 60% at 1 and 3 years 
respectively[19,20], whereas in pre-transplant chronic 
HCV patients the rates are < 5% and < 20% at 1 and 
5 years respectively[21,22]. 

In pre-DAA era, due to poorly tolerated, ineffective 
interferon-based therapy and accelerated fibrosis, 
LT recipients with HCV had inferior graft and patient 
survival compared to those who underwent LT for non-
HCV indications. In a large study using United Network 
for Organ Sharing (UNOS) data comparing 4439 
HCV-positive and 6597 HCV-negative recipients, the 
5-year graft and patient survival rates were found to 
be 57% and 70% in HCV-positive recipients compared 
with 68% and 77% respectively in HCV-negative 
counterparts[23]. However, with the availability of highly 
effective and safer DAA-based agents, HCV-positive 
LT recipients are expected to have outcomes similar to 
those undergoing LT for other indications[24,25].

Treatment of HCV Prior to Liver 
Transplantation
In pre-DAA era, pegylated interferon and ribavirin were 
cornerstone of HCV treatment. Prior studies have shown 
that achieving SVR by viral eradication with interferon-
based treatment regimen has shown to significantly 
reduce the rates of cirrhosis, decompensation, HCC, and 
both liver-related and all-cause mortality[7,26]. However, 
interferon-based regimen was poorly tolerated due to 
high rates of adverse events, had poor clinical efficacy 
with low SVR rates and could not be used in patients 
with decompensated cirrhosis[27]. DAA-based therapy, 
on the other hand, is highly efficacious with high rates of 
SVR, well tolerated leading to better patient adherence, 
and can be used safely in patients with advanced liver 
disease[28]. Although these attributes can be compelling 
for clinicians to treat all chronic HCV patients, it is 
however important to understand the optimal timing of 
HCV therapy.

Recently, several studies have demonstrated very 
favorable results with DAAs in patients with advanced 
liver disease before and after LT. In SOLAR-1 trial 
in 2015, a combination of sofosbuvir, ledipasvir and 
ribavirin for 12-24 wk achieved high rates of SVR at 
12 wk (SVR12) in patients with advanced liver disease, 
including those with decompensated cirrhosis both 
before and after LT[25]. In this landmark trial, SVR12 in 
non-transplant cohort with moderate to severe hepatic 
impairment [Child-Turcotte-Pugh (CTP) class B and 

C] was 86%-89%, whereas the rates in transplant 
recipients were 96%-98% in mild hepatic impairment 
group (CTP A), 85%-88% in moderate hepatic 
impairment group (CTP B), and 60%-75% severe 
hepatic impairment group (CTP C). More importantly, 
among seven patients who required re-transplantation, 
including four patients who underwent LT prior to 
completion of HCV therapy, six patients achieved SVR 
12 suggesting the high efficacy of DAAs in preventing 
the recurrence of HCV infection after LT.

DAAs have shown to be equally effective in different 
ethnic groups and certain high-risk HCV populations 
including elderly, and treatment experienced patients 
who failed prior therapies. In a multicenter, international 
ASTRAL-1 trial, a combination sofosbuvir and velpatasvir 
noted high efficacy rates in African-Americans and 
previously failed, treatment experienced HCV patients[29]. 
Similarly, ASTRAL-2 and ASTRAL-3 trials showed that 
HCV patients with genotype 2 and 3 infection achieved 
SVR rates of 99% and 95% respectively, which were 
superior to standard therapy with sofosbuvir and 
ribavirin which had SVR rate of 80%[30]. DAA agents 
are highly effective in elderly patients as well and are 
generally safe. In a retrospective study evaluating 
the safety and efficacy of ledipasvir/sofosbuvir with 
or without ribavirin, elderly HCV patients (age > 65 
years) with genotype 1 infection achieved similar 
SVR rates (98%) compared to the younger subjects 
(97%), however treatment related adverse events that 
lead to discontinuation of therapy in elderly subjects 
was largely related to ribavirin rather than ledipasvir/
sofosbuvir[31]. DAA-based therapy, through an expanded 
access program, in patients with decompensated 
cirrhosis (CTP B and C) who are at risk of irreversible 
disease achieved overall SVR of 81.6% (genotype 1, 
90.5% and genotype 3, 68.8%)[32]. Importantly, within 
6 months following viral clearance, 60% patients noted 
improvement in hepatic function while 17% had no 
change and 23% had worsening MELD score. 

These major trials have repeatedly demonstrated 
that DAA-based therapy is not only efficacious but well 
tolerated across the wide spectrum of patients with 
HCV-related liver disease including those with advanced 
and decompensated cirrhosis. Data from integrated 
safety analysis of SOLAR 1 and 2 trials showed that a 
combination of sofosbuvir and ledipasvir with ribavirin 
in decompensated liver cirrhosis patients was generally 
safe and well-tolerated and major adverse events noted 
in 28%-30% patients and death in 5%[33]. Although 
all the major studies had enrolled HCV-patients with 
decompensated cirrhosis, it is important to note that 
the proportion of patients with higher MELD scores (> 
20) and CTP-C was very low. Therefore, these results 
should be applied with caution in patients with severe 
hepatic impairment (higher MELD scores). 

While all HCV patients can and should be treated, 
it may not be beneficial in patients for whom LT is 
the only curative option, for example, those with 
advanced liver disease or those with HCC. Additionally, 
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prior to LT may not be beneficial or cost-effective[35]. 
Advantages and disadvantages of this treatment 
strategy are summarized (Table 1).

Treatment of HCV Following Liver 
Transplantation
HCV patients who are viremic at the time of transplan
tation almost always develop recurrent HCV infection 
after LT. Treatment of recurrent HCV infection in 
LT recipients followed by viral eradication results in 
significant improvement in post-transplant mortality 
and morbidity[38]. Prior to the approval DAAs, standard 
of care for recurrent HCV infection was based on 
pegylated interferon and ribavirin, which were poorly 
tolerated and had sub-optimal success. A systematic 
review by Berenguer et al[39], involving 19 studies and 
total 611 LT recipients with recurrent HCV infection that 
were treated with interferon-based therapy, reported 
low rate of SVR (30.2%) due to significant adverse 
effects that lead to reduction in dose in 73% patients 
and discontinuation of therapy in 27.6%[39]. In contrast, 
DAA-based therapy is well tolerated and efficacious 
with high rates of SVR in LT recipients. Sofosbuvir 
plus ribavirin for 24 wk was first all-oral DAA regimen 
that was used in LT recipients which achieved SVR12 
rate of 70%[40]. The combination of Sofosbuvir and 
simeprevir in several clinical trials demonstrated better 
tolerability and improved efficacy. This combination 
achieved SVR12 in 88% of LT recipients, however 
the rate was lower (64%) in LT recipients with 
advanced fibrosis[41,42]. Recently, in ALLY-1 study that 
included 55% LT recipients with advanced fibrosis, a 
combination of sofosbuvir, declatasavir, and ribavirin for 
12 wk was well-tolerated and achieved high SVR rate 
(91%-95%) across different genotypes[43]. Although 
all DAAs are generally safe and approved in post-
transplant setting, attention must be paid to drug-
drug interaction especially with immunosuppressive 
agents. For example, simeprevir is contraindicated in 
LT recipients who are on cyclosporine and ritonavir 
can increase the tacrolimus level 57 to 68-fold and 
cyclosporine level 4.3 to 5.8-fold[44]. Therefore, careful 
selection of DAA agents is warranted based on the 
patient’s immunosuppressive therapy.

Fibrosing cholestatic hepatitis (FCH) is a severe 

after achieving viral clearance before LT, HCV patients 
are no longer able to accept the organs from HCV-
positive donors, further shrinking the already limited 
donor pool. This is particularly relevant in midst of 
opioid epidemic, where the young and otherwise 
healthy HCV-positive donors are becoming increasingly 
available due to deaths related to overdose. In regions 
with high HCV prevalence, HCV treatment prior to 
LT may potentially extend the transplant wait period 
and thus increasing the risk of waitlist dropout due to 
inability to accept the offer from HCV-positive donors. 
Therefore, the decision of HCV treatment before or 
after LT largely depends on proportion of HCV-positive 
donors in the local and regional areas[34]. If the 
proportion of HCV-positive donor is sufficiently high, 
it may be beneficial to wait and treat HCV infection 
after transplantation. However, in future, policies may 
change necessitating the uniform acceptance of HCV-
positive donors by all patients with or without HCV.

Cost-effectiveness of HCV 
treatment
HCV patients who are already treated and cured prior 
to LT can still accept HCV-positive donors, however, 
these patients require re-treatment for recurrent HCV 
infection after transplantation incurring additional 
health-care costs associated with generally expensive 
DAA agents. But, the cost of HCV treatment should 
be examined in the context of overall costs associated 
with LT surgery, which is several fold higher than HCV 
therapy. In addition to mortality benefit, substantial 
cost-savings can be obtained as a result of reduction 
in the hospitalizations related to complications and 
need for transplantation[35]. Younossi et al[36], showed 
that number needed to treat with DAAs to prevent 
one LT in patients with compensated cirrhosis is 15, 
which is quite remarkable. However, this study does 
not include the patients with advanced liver disease 
or decompensated cirrhosis. Results from another 
European study involving LT candidates demonstrated 
that following the DAA therapy, one out of five patients 
on transplant waitlist were successfully delisted due 
to significant clinical improvement[37]. Nevertheless, 
in patients with severe hepatic dysfunction and HCC 
in whom the LT cannot be avoided, HCV treatment 

Table 1  Advantages and disadvantages of hepatitis C virus treatment in liver transplant candidates before liver transplantation

Advantages Disadvantages

1. Liver function and MELD score may improve 1. MELD score may improve but with ongoing poor health (MELD purgatory)
2. Liver transplantation may no longer be necessary 2. Possibly eliminates the option of a curative treatment for liver disease
3. Societal benefits given the scarcity of organs and limited donor pool 3. May limit access to HCV-positive donors, thereby prolonging the transplant 

    waitlist time and risk of dropout or death
4. Prevent post-transplant recurrence of HCV 4. If treatment fails, risk of resistance to NS5A inhibitors and compromised SVR 

    rates when re-treating after liver transplantation
5. Cost savings if liver transplantation can be obviated

HCV: Hepatitis C virus; SVR: Sustained virological response; MELD: Model for end-stage liver disease.
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form of HCV recurrence that results in progressive hepa
tic dysfunction and graft failure which was associated 
with high mortality in interferon era. However, in DAA 
era, the outcomes associated with FCH patients have 
been encouraging. In a compassionate use program, 
treatment of FCH patients with sofosbuvir and simeprevir 
achieved SVR12 of 80%[45]. Despite the absence of large 
prospective studies, the available evidence favors early 
treatment of recurrent HCV in post-transplant setting 
before the onset of fibrosis to achieve improved patient 
and graft survival. 

Concept of ‘MELD purgatory’
Current LT allocation algorithm employs MELD score 
based prioritization, where sicker patients with higher 
MELD score are transplanted first. DAA-based therapy 
with viral eradication in candidates on LT waitlist 
may improve MELD score and hepatic dysfunction su
fficiently enough that they may no longer require LT. 
This is an ideal scenario. However, some patients may 
experience decrease in MELD score without significant 
improvement in quality of life or hepatic dysfunction 
that puts them at risk of waitlist dropout or death- ‘MELD 
purgatory’. These patients perhaps are best served by 
deferring the HCV treatment until after LT. A European 
study demonstrated that after achieving SVR following 
HCV treatment, 1 out of 5 candidates were removed 
from LT waitlist due to significant reversal of hepatic 
dysfunction[37]. More recently, another study from Spain 
showed that about a quarter of patients with decom
pensated cirrhosis were successfully removed from LT 
waitlist due to clinical improvement[46]. However, both 

studies demonstrated that the patients with MELD > 
20 were less likely to be removed from waitlist due to 
inadequate clinical or biochemical improvement. Thus, 
algorithms for HCV treatment have been proposed to 
avoid ‘MELD purgatory’-authors recommended HCV 
treatment in patients with hepatic decompensation 
and MELD < 20 and scheduled for living donor LT[47]. 
However, patients with MELD 20-27 can be treated 
depending on the regional trends. In patients with MELD 
> 27 and/or severe kidney dysfunction (GFR < 30) 
should be treated after LT[47]. The safety and efficacy 
of DAAs in chronic kidney disease patients (GFR < 30) 
and those on hemodialysis is unknown. A few recent 
single center studies involving HCV patients with ad
vanced chronic kidney disease (GFR < 30) or those on 
hemodialysis have shown favorable results with DAA 
agents in terms of safety and SVR rates compared 
to general population[48,49]. Although, these are small 
and single center studies, the preliminary results are 
encouraging, and evidence regarding DAA therapy in 
renal failure patients continues to emerge.

Finally, if transplantation is imminent and in the 
setting of severe hepatic impairment, it is prudent 
to wait and treat HCV infection after transplantation. 
Nonetheless, DAA-based therapy is beneficial and 
recommended in patients with mild hepatic impairment 
and select patients with moderate to severe hepatic 
impairment. 

To avoid ‘MELD purgatory’, we suggest a modified 
algorithm (Figure 1) summarizing the approach to 
optimal timing of HCV therapy in LT candidates. At 
present, evidence favors DAA-based HCV therapy 
in patients with lower MELD scores and mild hepatic 

Individualized approach:
Pre-emptive treatment following 
LT or with DAA agents approved 

for use in renal failure

Pre-emptive treatment following 
LT is recommended

Pre-transplant treatment is 
recommended

Pre-transplant treatment is 
preferred

Individualized approach:
Treatment based on
patient preference

MELD ≥ 20 and 
GFR < 30

MELD ≥ 20 and 
GFR ≥ 30

MELD ≤ 20 and/or LDLT 

Decompensated cirrhosis 
(CTP Class B/C)

Treatment based on 
regional donor availability

CTP Class A

LT is imminent based on MELD 
score or MELD exception

HCV-infected patients 
waitlisted for liver 
transplantation

Figure 1  A pragmatic treatment approach in hepatitis C virus-infected liver transplant candidates. HCV: Hepatitis C virus; MELD: Model for End-Stage Liver 
Disease; LT: Liver transplantation; CTP: Child-Turcotte-Pugh; GFR: Glomerular filtration rate; LDLT: Living donor liver transplantation.
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impairment in pre-transplant period. Additionally, with 
exception to those needing imminent LT, carefully 
selected patients with moderate hepatic decompen
sation may also benefit from HCV therapy prior to tran
splantation.

Conclusion
The advent of DAA agents has revolutionized the 
HCV treatment landscape. Due to their safety profile, 
effectiveness in viral eradication and tolerability, DAA 
agents can be used in all HCV patients including those 
with advanced hepatic impairment. The optimal timing 
of HCV therapy in LT candidates is long debated. DAA 
agents have shown to improve the hepatic function to 
the degree where transplantation may no longer be 
required in some LT candidates whereas in others, the 
reduction in MELD score may not necessarily improve 
poor quality of life. Therefore, it is crucial to identify 
such candidates to maintain the access to LT and treat 
HCV in post-transplant setting. The viral eradication 
and improvement in hepatic function with subsequent 
delisting from LT waitlist is not only cost-effective 
but has a substantial societal benefit in the setting of 
limited donor pool. The available data suggests that LT 
candidates with mild to moderate impairment benefit 
from pre-transplant HCV treatment, whereas post-
transplant DAA therapy may be employed for those 
in whom LT cannot be avoided. However, the decision 
to treat LT candidates should also reflect patient 
preferences, local/regional waitlist parameters and 
specific needs of a transplant center. Nevertheless, 
future studies are needed to identify the accurate 
predictors of improvement in quality of life and hepatic 
function in LT candidates following DAA therapy to 
better guide the providers caring for these patients.
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