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1. Introduction

Chronic hepatitis C virus (HCV) infection is a serious 
public health concern worldwide and 130-150 million 
people are estimated to be infected with HCV (1). 
Chronic HCV infection remains the leading indication 
for liver transplantation. In the United States in 2011 (2), 
HCV-related cirrhosis was the most common indication 
for liver transplantation, accounting for approximately 
28% to 40% of all liver transplantations. 
 HCV recurrence after transplantation is inevitable if 
HCV is not eradicated before transplantation (3). HCV 
reinfection causes significant damage to the liver graft, 
however, resulting in poor patient survival (4). Patients 
transplanted for HCV-related cirrhosis have a worse 
5-year survival than those with other indications (5). One 
postoperative life -threatening condition is cholestatic 
hepatitis C, which occurs in approximately 5% of 
patients within the first year after transplantation (6).
 Direct-acting antiviral agents (DAAs) have changed 
the outlook for HCV-infected patients. HCV recurrence 
and poorer graft survival have led to the use of DAA 

agents in the liver transplantation setting (7). The 
present review discusses the clinical management of 
interferon-free regimens in patients with HCV in the 
liver transplantation setting. 

2. Pre-transplant use

Treatment with DAAs substantially improves liver 
function in some patients with decompensated cirrhosis. 
Therefore, some patients on the waiting list can be 
delisted and avoid or postpone transplantation.

2.1. Sofosbuvir-based therapy

Sofosbuvir and simeprevir was well-tolerated, resulting 
in a sustained viral response for 12 weeks (SVR12) 
of 74% and 100% in patients with genotype 1a and 
1b, respectively (8). In a multicenter study (9) with 
the same regimen in decompensated and compensated 
patients reported an SVR12 of 74% and 91%, 
respectively. 
 The SOLAR-I (10) and SOLAR II (11) studies 
disclosed that patients with advanced liver diseases and 
Child Pugh B or C cirrhosis who were waiting for liver 
transplantation treated with sofosbuvir, ledipasvir, and 
ribavirin had an SVR12 and SVR24 of 85-89% and 78-
96%, respectively. In the ALLY-1 phase 3 study (12), 
60 patients with cirrhosis and multiple genotypes (1, 2, 
3, 4, and 6) were treated and an SVR12 was achieved 
in 92% of patients with Child-Pugh class A cirrhosis, 
94% of patients with Child-Pugh class B, and 56% of 
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patients with Child-Pugh class C, respectively.
 A UK study (13) reported an SVR12 from 60% to 
92% in patients with decompensated cirrhosis with 
genotype 1 or 3 and a Child-Pugh score of more than 
7 after administration of sofosbuvir with ledipasvir 
or daclastavir with or without ribavirin therapy. In 
another study (14), liver transplant candidates with 
hepatitis C cirrhosis underwent interferon-free therapy 
(sofosbuvir + ribavirin, sofosbuvir + daclastavir ± 
ribavirin, sofosbuvir + simeprevir ± ribavirin) and 88% 
of the patients with decompensated cirrhosis achieved 
an SVR12. Administration of new combination of 
sofosbuvir and velpatasvir for 12 weeks provided 
decompensated cirrhotic patients an SVR of 88% 
(15). In the ASTRAL-4 study (16), patients with 
decompensated cirrhosis and HCV genotypes 1, 2, 3, 4, 
and 6 underwent combined sofosbuvir and daclatasvir 
administration with or without ribavirin for 12 weeks 
or without ribavirin for 24 weeks and the SVR12 was 
87%.
 Donato et al. (17) reported that of 31 patients treated 
with sofosbuvir (400 mg/day) and ribavirin (600-1200 
mg/day) for 24 to 48 weeks before liver transplantation, 
HCV was eradicated in 12 before liver transplantation.

2.2. Gazaprevir and elbasvir

The C-SALT study part A (18) revealed that gazaprevir 
and elbasvir in patients with Child Pugh class B 
decompensated cirrhosis yielded an SVR12 of 90%. 
There are no data on patients with Child Pugh class 
C decompensated cirrhosis. A European study (19)
reported that 143 Child Pugh class B patients and 
22 class C patients underwent sofosbuvir/daclastavir 
treatment with or without ribavirin for 24 weeks and 
achieved an SVR12 of 86% and 76%, respectively. 
 A recent study (20) analyzed the outcome of various 
DAAs for patients with HCV-related cirrhosis on the 
waiting list for transplantation. After treatment with 
DAAs for 6 months, HCV inactivation was achieved 
in 16% of the patients, but none of the patients were 
delisted. The model for end-stage liver disease scores 
improved by a median of 3.4 points and the Child-
Turcotte-Pugh (CTP) scores improved by 2 points. 
Another study showed that 36% of the patients had 
a biologic response with regression to CTP class A 
after a 12 -week follow-up. In a study of subjects 
with hepatocellular carcinoma and well-compensated 
cirrhosis treated with sofosbuvir and ribavirin, 30 
patients underwent transplantation and achieved an 
SVR12 (21). It is important to note, however, that no 
patients with decompensated cirrhosis were enrolled in 
that study.

2.3. HCC recurrence

A recent study (22) demonstrated higher rates of HCC 

recurrence following HCV eradication by DAA agents. 
More recent prospective data , however, showed that 
the risk of HCC recurrence was comparable to that of 
the previous therapy with interferon.

2.4. Benefit of pre-transplant use of DAA

The benefits of pre-transplant use of DAA, however, 
remain uncertain. In cases of diseased donor liver 
transplantation, the improved MELD score after DAA 
therapy may lead to a loss of priority or even eligibility 
for liver transplantation. The 2016 EASL guidelines 
for HCV treatment advised postponing DAA therapy 
for patients with MELD scores ≥ 18. The use of costly 
DAAs in patients with a risk of progressive liver 
disease may be problematic. Furthermore, in cases with 
HCC, the risk of HCC recurrence may be increased 
after DAA therapy (22,24). Further prospective studies 
are needed to address several difficult questions in the 
pre-liver transplant cohort.

3. Treatment after transplantation 

DAA is effective for the treatment of HCV in liver 
transplantation patients. Sofosbuvir and ribavirin were 
administered to 40 post-transplant patients for 24 weeks 
with recurrent HCV (all genotypes) and an SVR12 of 
70% was achieved (16).

3.1. Sofosbuvir and ledipasvir

In the ALLY-1 study (12), daclastavir, sofosbuvir, and 
ribavirin were administered to patients. Of the study 
participants, 55% had advanced fibrosis or cirrhosis. A 
total of 53 patients with genotype 1a (58%), 1b (19%), 
and 3 (21%) were treated with daclatasvir (60 mg/day), 
sofosbuvir (400 mg/day), and ribavirin and achieved an 
SVR12 of 94%. Similarly, Letvitsky et al. (25) reported 
that 37 patients treated with sofosbuvir and ledipasvir 
achieved an SVR of 97%. 
 The SOLAR studies (10,11) recruited post-
transplant patients with HCV infection (and also those 
with end-stage liver disease) having genotype 1 or 4. In 
the SOLAR 1 study (10), the cohort was post-transplant 
patients in the United States that were non-cirrhotic 
(n = 111) or cirrhotic having various extents of liver 
dysfunction (Child-Pugh class A, n = 51; Child Pugh 
class B, n = 52; and Child Pugh class C, n = 9). They 
received sofosbuvir and ledipasvir for 12 or 24 weeks 
and achieved an SVR12 of 96%, 98%, 86%, and 60%, 
respectively, after 12-week treatment, and of 96%, 98%, 
88%, and 75%, respectively, after 24-week treatment. 
 In the SOLAR 2 study conducted in Europe, 
Canada, and New Zealand (11), the subjects also 
comprised non-cirrhotic (n = 89) or cirrhotic patients 
with various  extents of liver dysfunction (Child Pugh 
class A, n = 58; Child Pugh class B, n = 40; and Child 
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was ombitasvir, paritaprevir-ritonavir, and dasabuvir 
with or without ribavirin. A total of 35 patients (91% 
genotype 1b, 77% at fibrosis stage ≥ F2) underwent the 
regimen and the SVR12 was 100%.

4. Daclastavir-based regimens

In a Spanish multicenter study (36), 331 post-transplant 
patients underwent anti-HCV treatment consisting of 
daclastavir-sofosbuvir with or without ribavirin and 
daclastavir-simeprevir with or without ribavirin. Of 
note, 49% of the patients had advanced fibrosis (F4). 
The intention -to-treat SVR was 93%. 

5. Fibrosing cholestatic hepatitis

Fibrosing cholestatic hepatitis (FCH) is a more severe 
form of HCC recurrence that occurs in less than 10% 
(6) of liver transplant recipients for HCV cirrhosis. 
FCH is characterized by a high viral load and divergent 
quasispecies (37). FCH results in progressive liver 
dysfunction and its prognosis is poor with more than 
90% mortality (38,39). FCH can also occur after 
liver transplantation for hepatitis B cirrhosis and 
cytomegalovirus infection. 
 In the interferon era, the treatment response was 
poor, resulting in graft and patient loss. DAA is useful 
for FCH (40,41). In one study (41), sofosbuvir and 
ribavirin were administered to 10 FCH patients for 24 
or 48 weeks and the SVR12 was 80%. Another study 
(42) showed that a 24-week treatment with simepredvir 
and sofosbuvir provided 80% SVR12. In the SOLAR 1 
study (10), six patients with FCH underwent 12-or 24-
week treatment with ledipasvir and sofosbuvir, which 
led to a significant decline in the total bilirubin level. A 
total of 23 patients with FCH received either sofosbuvir 
and daclatasvir (n = 15) or sofosbuvir and ribavirin (n 
= 8) for 24 weeks. At week 36, 22 patients (96%) had 
a complete clinical response (14). There was no death 
in the cohort. The CO23 ANRS CUPOT study (40) 
reported 23 patients with FCH treated with sofosbuvir-
based regimens (sofosbuvir + ribavirin, pegylated 
interferon + sofosbuvir ± ribavirin, sofosbuvir  + 
daclastavir ± ribavirin). Clinical improvement was 
achieved after 24 weeks of therapy without the need for 
re-transplantation. A recent multicenter study (43) also 
reported an SVR12 of 94% (n = 117) and 98% (n = 45) 
after ledipasvir and sofosbuvir treatments, respectively, 
with and without ribavirin regimens.

6. Timing of DAA use

The optimal time to initiate DAA treatment remains 
to be clarified. Patients should be treated before HCV 
recurrence. In the ALLY1 trial (12), subjects were 
4 months to 13 years post transplantation  and in 
the SOLAR trials (10,11), subjects were more than 

Pugh class C, n = 7, but those with a Child Pugh score 
greater than 13 were excluded from the study. All the 
patients received sofosbuvir, ledipasvir, and ribavirin. 
The SVR12 when treated for 12 weeks was 93%, 
100%, 95% and 50%, respectively, and the SVR12 
when treated for 24 weeks was 100%, 96%, 100%, and 
80%, respectively.
 A report was published on a Japanese multicenter 
experience. A total of 53 patients who underwent liver 
transplantation for HCV (genotype 1b) cirrhosis were 
the subjects of the study. The regimen was sofosbuvir 
and ledipasvir without ribavirin for 24 weeks and the 
SVR12 was 98%. Saab et al. (26) reported the UCLA 
experience. The SVR12 was 85% after treatment with 
sofosbuvir and ledipasvir with or without ribavirin for 
12 weeks, and 94% after treatment with sofosbuvir and 
ledipasvir without ribavirin for 12 weeks. Globke et al. 
(27) reported the Charite Campus Virchow experience 
in which the SVR12 was 100% in 51 patients.

3.2. Sofosbuvir and simeprevir

Sofosbuvir and simeprevir treatment has been evaluated 
in several studies, and demonstrates good tolerability 
and efficacy. The SVR12 in transplant patients was 
88% (28,29).
 In the HCV-TARGET study (30),  151 post-
transplant patients infected with HCV genotype 1 were 
enrolled and received sofosbuvir and simeprevir with (n 
= 32) and without (n = 119) ribavirin for 12 (n = 136) 
or 24 weeks (n = 15). The SVR 12 was 88%. A similar 
study (31) reported an SVR12 of 90% in 123 transplant 
patients treated with sofosbuvir and simeprevir. In a 
similar study (21), 28 patients received a combination 
of sofosbuvir and simeprevir for 12 weeks and the SVR 
was 93%. Due to DAAs, graft survival for patients with 
HCV will improve compared with those undergoing 
transplantation for other indications for which 
recurrence may not be easily controlled.
 The phase II SATURN study (32) demonstrated 
a 91% SVR12 in 35 post-transplant patients with 
HCV genotype 1. The regimen was a combination of 
simeprevir, daclastavir, and ribavirin. 

3.3. Ombitasvir, paritaprevir-ritonavir, dasabuvir

Some clinical trials have reported the effectiveness 
of combined treatment with ombitasvir, paritaprevir-
ritonavir, dasabuvir, and ribavirin. In the CORAL I 
study, 34 post-liver transplant patients underwent this 
combination therapy for 24 weeks. In patients with 
genotype 1a and 1b, the SVR12 was 97% and 100%, 
respectively. The livers of the patients exhibited normal 
to mild fibrosis, however, and no cirrhotic patients were 
included in the study. Another study (34) revealed a 
100% SVR12 in 9 post liver transplant patients on this 
regimen. In the AMBER-CEE study (35), the regimen 
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3 months post transplantation. Most centers initiate 
DAA therapy 6 months post transplantation (3). 
The feasibility of a preemptive approach should be 
evaluated.

7. Interactions between DAA and immunosuppressive 
drugs

Drug-to-drug interactions between most of recently 
devised new generation DAAs and immunosuppressive 
drugs is not a significant issue (44). The trough levels 
of immunosuppressive drugs, however, should be 
closely monitored. After a period of DAA use, the dose 
of tacrolimus should be increased to maintain a trough 
level because of improved function of the liver graft. 
 One exception is ritonavir in ombitasvir, paritaprevir-
ritonavir, dasabuvir, and ribavirin therapy. Due to the 
inhibitory effect of ritonavir on CYP3A-4 to metabolize 
cyclosporine or tacrolimus, the trough level of the drugs 
increase (tacrolimus, 57-86 fold, cyclosporine, 4.3-5.8 
fold) (45). Simeprevir is reported to increase the level of 
cyclosporine 6-fold (46). Grazoprevir and elbastavir have 
drug-to-drug interactions with tacrolimus, increasing the 
level to 143%, as well as with cyclosporine, increasing 
the level to 115% (7).

8. Future perspective

Due to the introduction of DAAs for HCV, the need 
for transplantation for chronic HCV will be reduced as 
a result of the improved liver function (47). A recent 
study showed that the proportion of HCV-infected 
patients on the waiting list for HCC and decompensated 
cirrhosis will decrease whereas the proportion of 
patients with non-alcoholic steatohepatitis on the 
waiting list will increase (48). Fibrosing cholestatic 
hepatitis as an indication for re-transplantation may be 
significantly reduced because of DAA treatment. It is 
unlikely that the total volume of deceased donor liver 
transplantation will decrease, however, because this is 
regulated by the number of the deceased donors (47).

9. Conclusions

The currently available DAAs achieve a satisfactory 
SVR12 in post-liver transplantation patients. Drugs 
with a maximum SVR12 and minimum interaction 
with immunosuppressive and adverse events would be 
ideal, and this goal is very nearly met by the current 
DAAs. Optimal timing of the DAA treatment is not yet 
established, but it may be appropriate to consider DAA 
treatment after the patients' condition and graft function 
become stable.
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