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Abstract: Chronic hepatitis C virus (HCV) infection is the leading 

cause of liver transplantation in adults. Although the recurrence 

of HCV infection after liver transplantation is nearly universal, 

the recent advances in direct-acting antiviral (DAA) agents have 

revolutionized the management of HCV infection in the post-

transplant setting. A number of these agents have been evaluated 

in recent clinical trials and have shown high sustained virologic 

response rates, shorter durations of treatment, and decreased 

adverse events when compared with the previous treatment of 

pegylated interferon and ribavirin. This article will review the 

current literature on the efficacy, tolerability, and potential drug 

interactions of various DAA agents in patients with recurrent 

HCV infection posttransplant. 

Chronic hepatitis C virus (HCV) infection is the most com-
mon indication for liver transplantation in the United 
States and Europe.1 Historically, patient and graft survival 

post–liver transplant (LT) have been poor in the setting of recurrent 
HCV infection, with up to 30% of patients developing cirrhosis 
within 5 years posttransplant.2-7 An aging cohort of HCV patients 
has led to increased health care utilization to manage decompen-
sated liver disease as well as hepatocellular carcinoma.8,9 

Sustained virologic response (SVR) leads to improved clinical 
outcomes in LT recipients.5,10 Until recently, the treatment of HCV 
infection was limited to ribavirin and pegylated interferon, which 
resulted in poor SVR rates and high frequency of adverse events, 
such as depression, hemolysis, pancytopenia, graft rejection, and 
liver decompensation.11-16 However, new noninterferon-based thera-
pies have been shown to achieve high SVR rates in post-LT patients 
with improved tolerability and decreased side effects (Figure).17-22 

Due to the relatively recent introduction of direct-acting anti-
viral (DAA) agents, it can be challenging for health care providers to 
understand the nuances of treatment with these medications, such 
as optimal treatment duration, drug-drug interactions, and appro-
priate use of ribavirin. Although the current literature is still limited, 
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there are several recently published and ongoing trials 
evaluating the efficacy and tolerability of DAA agents in 
post-LT patients. This article reviews the current literature 
and assesses the role of oral DAA agents with or without 
ribavirin to treat HCV recurrence in post-LT patients.

Review of the Current Literature

Sofosbuvir and Ribavirin
Charlton and colleagues evaluated post-LT patients with 
compensated recurrent HCV infection who were treated 
with sofosbuvir (Sovaldi, Gilead) and ribavirin for 24 
weeks.23 Forty patients of any genotype were included in 
the study; 3% of patients presented with METAVIR stage 
F0 (no or minimal fibrosis), 35% with stage F1 to F2 
(portal fibrosis), 23% with stage F3 (bridging fibrosis), 
and 40% with stage F4 (cirrhosis). The SVR12 rate was 
70% (28/40). Of the 12 patients who experienced viro-
logic relapse, 7 did so during follow-up week 2, 4 during 
week 4, and 1 during week 12. No patient experienced 
virologic relapse during treatment. All 28 patients who 
achieved SVR12 also achieved SVR24. The most com-
mon adverse events were fatigue (30%), diarrhea (28%), 
and headache (25%). Only 2 patients discontinued treat-
ment due to adverse events, both unrelated to treatment. 
There were no deaths or graft loss, and no net directional 
changes in the trough levels of tacrolimus or cyclosporine 
were noted in the study. 

Forns and colleagues evaluated the compassionate 
use of sofosbuvir and ribavirin in post-LT patients with 
severe recurrent HCV infection.24 Eligible patients had 
a life expectancy of less than 1 year owing to hepatic 
failure if left untreated from acute cholestatic hepati-
tis, severe HCV recurrence, or end-stage liver disease. 
Patients of all genotypes were included, with the majority 
being either genotype 1a (35%) or genotype 1b (49%). 

Treatment duration was 24 to 48 weeks with the addition 
of pegylated interferon at the discretion of the investiga-
tors. The SVR12 rate was 59% (54/92). Further analysis 
of treatment regimens showed that patients who received 
sofosbuvir and ribavirin achieved a SVR12 rate of 56% 
(39/70), while those who also received pegylated inter-
feron achieved a SVR12 rate of 68% (15/22). Of the 
patients in whom treatment was initiated less than 12 
months posttransplant, the overall SVR12 rate was 73% 
(35/48). Within this population, patients who received 
sofosbuvir and ribavirin achieved a SVR12 rate of 74% 
(25/34), while those who also received pegylated inter-
feron achieved a SVR12 rate of 71% (10/14). In patients 
in whom treatment was initiated more than 12 months 
posttransplant, the overall SVR12 rate was 43% (19/44). 
In this cohort, patients who received sofosbuvir and riba-
virin alone as well as those who also received pegylated 
interferon achieved a SVR12 rate of 43% (16/37 and 3/7, 
respectively). Overall, the median duration of treatment 
for the study was 24 weeks, and there was no statisti-
cally significant difference with the addition of pegylated 
interferon. As the study population had baseline liver dys-
function due to severe recurrent HCV infection, severe 
adverse events were reported in 47% of patients. Hepatic 
decompensation occurred in 18% of patients. Five percent 
of patients had severe adverse events that the investigators 
concluded were secondary to the study drugs. A total of 
13 deaths occurred, 8 of which occurred during treatment 
or within 30 days of treatment completion. 

Brown and colleagues presented preliminary data 
from a multicenter, open-label study evaluating the use 
of DAA agents for the treatment of HCV infection in the 
post-LT setting.25 The study evaluated the use of multiple 
treatment regimens, one of which was the combination 
of sofosbuvir and ribavirin. Fifty-seven patients were 
enrolled in this arm, 31 of whom completed treatment at 
the time of analysis. The SVR4 rates were 90% and 60% 
in patients with genotype 2 and genotype 3, respectively. 
Two patients had to stop prematurely due to adverse 
events. The most common adverse events were fatigue 
(12%) and anemia (10%).

Sofosbuvir and Ledipasvir
Another study by Charlton and colleagues evaluated the 
use of sofosbuvir and ledipasvir (Harvoni, Gilead) with 
ribavirin in patients with both compensated and decom-
pensated liver disease after transplant.26 Patients with 
Child-Turcotte-Pugh (CTP) class A achieved SVR12 rates 
of 96% (25/26) and 96% (24/25) when treated for 12 
weeks and 24 weeks, respectively. Patients with CTP class 
B achieved SVR12 rates of 85% (22/26) and 88% (23/26) 
when treated for 12 weeks and 24 weeks, respectively. 
Patients with CTP class C achieved SVR12 rates of 60% 

Figure. SVR rates with different treatment strategies.11-22

DAA, direct-acting antiviral; PI, protease inhibitor; SVR, sustained 
virologic response.
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(3/5) and 75% (3/4) when treated for 12 weeks and 24 
weeks, respectively. Six patients with fibrosing cholestatic 
hepatitis (FCH), of which 4 were treated for 12 weeks and 
2 for 24 weeks, had a SVR12 rate of 100%. There was a 
high incidence of adverse events, likely owing to many 
patients having advanced liver disease. Twenty-three 
percent of patients experienced serious adverse events, 
most associated with hepatic decompensation. Thirteen 
patients discontinued treatment prematurely secondary to 
adverse events. Furthermore, 13 patients died, although 
the authors concluded that none were related to treat-
ment. Tacrolimus was used for immunosuppression in 
76% of the study population. Only 1 patient experienced 
significantly altered immunosuppressive levels secondary 
to drug interactions. This patient had increased cyclospo-
rine concentrations, although the authors noted that this 
may be secondary to improved organ function. Twenty-
four other patients required adjustments to immuno-
suppressive medications that the authors attributed to 
improvement in hepatic function after viral clearance. 

Sofosbuvir and Simeprevir
Sofosbuvir and simeprevir (Olysio, Janssen) is another 
drug combination that has been evaluated in the post-LT 
setting.27 Saab and colleagues conducted a single-center 
retrospective study evaluating sofosbuvir and simeprevir 
in the post-LT setting in patients with genotype 1 HCV 
infection. Of the 30 patients included in the study, 28 
underwent biopsies; 13 patients (46%) presented with 
METAVIR stage F0, 2 (7%) with stage F1, 2 (7%) with 
stage F2, 6 (21%) with stage F3, and 5 (18%) with stage 
F4. There was a mean time of 71 (±77.1) months from 
LT to treatment. Fifty-nine percent of patients (17/27) had 
undetectable viral loads 4 weeks into treatment. By the end 
of the treatment period, 100% of patients (30/30) had an 
undetectable viral load. The SVR12 rate was 93% (28/30). 
All patients tolerated treatment well, with none requiring 
growth factors of blood products. Tacrolimus-based immu-
nosuppression was used in 22 patients (73%), whereas a 
cyclosporine-based regimen was used in 8 patients (27%). 
Tacrolimus dosing was adjusted in 10 patients with no 
interruptions in immunosuppressant therapy. 

Pungpapong and colleagues conducted a multicenter 
study evaluating sofosbuvir and simeprevir with and 
without ribavirin in post-LT patients.28 A total of 123 
patients were enrolled, of which 98 received sofosbuvir 
and simeprevir and 25 also received ribavirin. Treatment 
was initiated at a median duration of 32 months from 
LT, and treatment duration was 12 weeks. The SVR12 
rates were 90% and 91% in patients receiving sofosbuvir 
and simeprevir alone and with the addition of ribavirin, 
respectively; the difference was not statistically significant 
(P=1.0). Patients with advanced fibrosis (METAVIR stage 

F3-4) achieved a SVR12 rate of 81% as compared with 
patients with early fibrosis (stage F0-2), who achieved a 
SVR12 rate of 93%, which is a statistically significant 
difference (P=.05). Genotype subgroup analysis showed 
that fibrosis was only a factor for reduced SVR rates in 
patients with genotype 1a HCV. Patients with genotype 
1a and advanced fibrosis achieved a SVR12 rate of 71% as 
compared with 91% in patients with early-stage fibrosis. 
Patients with genotype 1b and advanced fibrosis achieved 
a SVR12 rate of 92%, compared with patients with early 
fibrosis, who achieved a SVR12 rate of 96%, which was 
not statistically significant. There was a statistically signifi-
cant difference (P=.03) in SVR12 rates when comparing 
patients who achieved undetectable viral loads at 4 weeks 
on treatment (96%) as compared with those who did not 
(83%). Overall, the treatment regimen was well tolerated 
with only mild adverse events. Anemia was much more 
common in patients who received ribavirin than those 
who did not (75% and 5%, respectively). One death 
occurred secondary to drug-induced lung injury. 

In a single-center retrospective analysis, Gutierrez 
and colleagues found sofosbuvir and simeprevir effective 
in the treatment of HCV recurrence in the post-LT set-
ting.29 Sixty-one patients with HCV genotype 1 infection 
(57% with genotype 1a and 43% with genotype 1b), with 
a median time of 5.4 years from LT, were treated for 12 
weeks. Ribavirin was added in 3 patients. The SVR12 rate 
was 93.4%. This study also found that patients with HCV 
genotype 1a and advanced fibrosis (METAVIR stage F3-4) 
had a statistically significant difference in SVR12 rates 
compared with patients with minimal fibrosis (stage F0-2; 
67% vs 100%; P=.01). Patients with genotype 1b achieved 
a SVR12 rate of 100% regardless of fibrosis severity. No 
severe adverse events were documented in this study. Most 
patients, 61%, received tacrolimus-based immunosuppres-
sive therapy, and dose adjustments were required in 26% 
of patients during treatment and 7% after treatment was 
discontinued. Only 5% of patients received cyclosporine; 
thus, the authors were not able to make any conclusions 
about drug-drug interactions between cyclosporine and 
simeprevir. No dose adjustments were needed for the 
patients receiving cyclosporine or sirolimus. 

The aforementioned ongoing study by Brown 
and colleagues also evaluated the use of sofosbuvir and 
simeprevir with and without ribavirin.25 Patients who 
were treated with sofosbuvir and simeprevir with or 
without ribavirin achieved a SVR4 rate of 90% (61/68). 
Analysis of patients with genotype 1 revealed a SVR4 rate 
of 87% (48/55). Adverse events were more numerous in 
the group treated with ribavirin, with 91.7% of patients 
experiencing an adverse event as compared with 77.0% of 
the nonribavirin arm. The most common adverse events 
in the ribavirin group were anemia (9%), headache (7%), 
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Of the 9 patients who completed the 24-week course of 
treatment, 5 received ribavirin. All 9 patients achieved an 
undetectable viral load at the completion of treatment. 
The authors published posttreatment virologic data for 5 
patients, 2 of whom achieved SVR8 (40%) and 3 SVR4 
(60%). No recurrence has yet been reported. No adverse 
events attributable to study medications were observed, 
and no modifications to immunosuppressant medications 
were reported. 

A multicenter open-label phase 3 trial evaluated the use 
of sofosbuvir, daclatasvir, and ribavirin in post-LT patients.33 
Fifty-three patients were enrolled; all were at a minimum of 
3 months posttransplant and had no evidence of rejection 
at the time of enrollment. The treatment duration was 12 
weeks. The SVR12 rate was 94% (50/53). Subgroup analysis 
of patients with genotype 1 infection revealed a SVR12 rate 
of 95% (39/41). A total of 3 patients relapsed. The most 
common side effects were headache (19%), fatigue (15%), 
and anemia (10%). Five patients experienced serious side 
effects that the authors concluded were not related to study 
medications. One patient had to discontinue all medications 
due to adverse events, and 4 patients discontinued ribavirin 
alone. There were no required dose adjustments of immuno-
suppressant medications. 

Ombitasvir, Paritaprevir With Ritonavir, and Dasabuvir
Kwo and colleagues evaluated 34 LT patients with geno-
type 1 infection and mild fibrosis (METAVIR stage F0-2) 
treated with ombitasvir, paritaprevir with ritonavir, and 
dasabuvir (Viekira Pak, AbbVie; also referred to as the 
3D regimen) along with ribavirin for 24 weeks.34 Patients 
with advanced fibrosis, liver retransplantation, or coinfec-
tion with hepatitis B virus or HIV were excluded. The 
SVR12 rate was 97% (33/34), with these patients remain-
ing virus-free at 24 weeks posttreatment. The most com-
mon adverse events were fatigue (17%), headache (15%), 
and cough (11%). Anemia occurred in 10% of patients, 
with 5 patients requiring erythropoietin. However, none 
of the patients required blood transfusions. Only 1 
patient discontinued treatment due to adverse events; the 
patient developed a rash, memory impairment, and anxi-
ety. Immunosuppression was achieved using tacrolimus 
in 29 patients (85%), while cyclosporine was used in 5 
patients (15%). Of the 29 patients who received tacroli-
mus, 5 were found to have elevated tacrolimus levels. One 
of these patients developed a mild rash, while the other 
4 patients remained asymptomatic. Dosing was based 
on serum levels, with the majority of patients receiving 
tacrolimus in doses of 0.5 mg and 0.2 mg at a median 
frequency of 10 and 5 days, respectively. Eight patients 
experienced tacrolimus levels below therapeutic range 
after the completion of treatment, although tacrolimus 
levels were restored to therapeutic range in all patients 

and fatigue (5%). There were 5 serious side effects. In the 
nonribavirin group, the most common adverse events were 
fatigue (25%), headache (16%), and infection (16%). 
There were 8 serious side effects. Two patients died owing 
to renal/hepatic failure and aspiration pneumonia. 

Sofosbuvir and Daclatasvir
An ongoing prospective multicenter study in France 
evaluating the efficacy of sofosbuvir and daclatasvir (Dak-
linza, Bristol-Myers Squibb) with or without ribavirin has 
found high SVR rates in post-LT patients with aggressive 
recurrent HCV infection.30 The authors have reported 
data on 130 LT patients who underwent treatment for 
12 or 24 weeks. The mean time period between LT and 
treatment was 74.2 (±73.5) months. Eleven patients 
received sofosbuvir and daclatasvir without ribavirin for 
12 weeks and had a response rate of 100% at the end of 
treatment as well as a SVR12 rate of 100%. Sixty-four 
patients underwent this same regimen for 24 weeks and 
had a response rate of 100% at the end of treatment and 
a SVR12 rate of 97%. Three patients received sofosbuvir 
and daclatasvir with ribavirin for 12 weeks; the end-of-
treatment response rate was 67%, with a SVR12 rate of 
67%. Fifty-two patients underwent the same regimen for 
24 weeks and achieved an end-of-treatment response rate 
of 98% and a SVR12 rate of 96%. The authors concluded 
that ribavirin did not have a statistically significant influ-
ence on SVR and that further prognostic factors needed 
to be defined. Thirty patients were reported to have 
experienced severe side effects, with the most common 
being hematologic toxicity. Two patients died, 1 from 
diabetic coma and the other from HCV recurrence at 6 
weeks posttreatment. Tacrolimus dosing was adjusted in 
56% of patients, cyclosporine in 49% of patients, and 
everolimus in 38% of patients. Leroy and colleagues per-
formed a further subgroup analysis on the same cohort of 
patients to assess the efficacy of sofosbuvir and daclatasvir 
on 23 post-LT patients with decompensated FCH.31 The 
regimens studied were sofosbuvir and ribavirin with or 
without pegylated interferon or sofosbuvir and daclatasvir 
with or without ribavirin. The duration of treatment was 
24 weeks; however, treatment was extended to 48 weeks 
for 1 patient and 36 to 48 weeks for 3 patients. Patients 
in the sofosbuvir, ribavirin, and pegylated interferon 
group achieved a SVR12 rate of 88%, while patients in 
the sofosbuvir, daclatasvir, and ribavirin group achieved a 
SVR12 rate of 100%.

A smaller trial evaluated the compassionate use of 
sofosbuvir and daclatasvir in 12 post-LT patients with 
severe recurrent HCV infection.32 The mean time from 
LT to the initiation of treatment was 20 (±17) months. 
Six patients received ribavirin in addition to DAA agents. 
Three patients died within the first 12 weeks of treatment. 
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with no incidence of graft rejection. Tacrolimus did not 
alter trough levels of treatment medications. 

Grazoprevir and Elbasvir
Recent data from an open-label phase 2 study of grazo-
previr and elbasvir (Merck) for the treatment of post-LT 
patients with cirrhosis showed excellent SVR rates.35 

Cirrhotic patients achieved a SVR12 rate of 90%, and 
noncirrhotic patients achieved a SVR12 rate of 100%. 
The most frequent side effect was fatigue. Cirrhotic and 
noncirrhotic patients experienced a similar frequency of 
adverse events. No patients discontinued therapy due 
to adverse events. The authors noted that grazoprevir 
and elbasvir in combination are known to have in vitro 

Table 1. Major Trials Evaluating Direct-Acting Antiviral Agents in the Treatment of Post–Liver Transplant HCV Recurrence

Study Genotype, 
n (%)

Severity of liver  
disease, n (%)

Treatment Duration SVR12 by 
Genotype, n (%)

SVR12 by Severity, 
n (%)

Charlton23,a 1a: 22 (55)
1b: 11 (28)
3: 6 (15)
4: 1 (3)

F0: 1 (3)
F1-2: 14 (35)
F3: 9 (23)
F4: 16 (40)

Sofosbuvir + 
ribavirin

24 weeks 1a: 16 (73) 
1b: 6 (55)
3: 6 (100)

F0: 1 (100)
F1-2: 10 (71)
F3: 7 (78)
F4: 10 (63)

Forns24,a 1a: 36 (35)
1b: 49 (47)
2: 1 (1)
3: 7 (7)
4: 7 (7)
Multiple: 4 (4)

All patients had 
either aggressive 
recurrent disease  
or cirrhosis 

Sofosbuvir + 
ribavirin

24-48 
weeks

N/A Early recurrence: 35 (73)
Cirrhosis: 19 (43) 

Charlton26,b 1a: 164 (72)
1b: 63 (28)
4: 2 (1)

No cirrhosis: 111 (48)
CTP A: 51 (22)
CTP B: 52 (23)
CTP C: 9 (4)
FCH: 6 (3)

Sofosbuvir +  
ledipasvir + 
ribavirin

12 weeks N/A No cirrhosis: 53 (96)
CTP A: 25 (96)
CTP B: 22 (85)
CTP C: 3 (60)
FCH: 4 (100)

24 weeks N/A No cirrhosis: 55 (98)
CTP A: 24 (96)
CTP B: 23 (88)
CTP C: 3 (75)
FCH: 2 (100)

Saab27,a 1: all patients F0: 13 (46)
F1: 2 (7)
F2: 2 (8)
F3: 6 (23)
F4: 5 (19)

Sofosbuvir + 
simeprevir

12 weeks N/A Overall SVR12: 28 (93)

Pungpapong28,a 1a: 74 (60)
1b: 43 (35)
Unclear: 6 (5)

F0-2: 85 (70)
F3-4: 37 (30)

Sofosbuvir + 
simeprevir ± 
ribavirin

12 weeks 1a: 64 (86)
1b: 41 (95)

F0-2: 67 (81)
F3-4: 34 (93)

Gutierrez29,a 1a: 35 (57)
1b: 26 (43)

F0-2: 38 (62)
F3-4: 23 (38)

Sofosbuvir + 
simeprevir ± 
ribavirin

12 weeks 1a: 31 (89)
1b: 26 (100)

F0-2: 38 (100)
F3-4: 19 (83)

Kwo34,b 1a: 29 (85)
1b: 5 (15)

F0: 6 (18)
F1: 13 (38)
F2: 15 (44)

Ombitasvir +  
paritaprevir 
with  
ritonavir + 
dasabuvir

24 weeks 1a: 28 (97)
1b: 5 (100)

N/A

Poordad33,c 1a: 31 (58)
1b: 10 (19)
3: 11 (21)
6: 1 (2)

F0-2: 23 (43)
F3: 13 (25)
F4: 16 (30)
Not reported: 1 (2)

Sofosbuvir + 
daclatasvir + 
ribavirin

12 weeks 1a: 30 (97)
1b: 9 (90)
3: 10 (91)
6: 1 (100)

N/A

CTP, Child-Turcotte-Pugh; FCH, fibrosing cholestatic hepatitis; HCV, hepatitis C virus; SVR, sustained virologic response.
aReal-life cohort. bPhase 2 trial. cPhase 3 trial. 
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activity against resistance-associated variants (RAVs) that 
arise from exposure to first-generation HCV drugs that 
target the nonstructural (NS) 3 protein, similar to grazo-
previr monotherapy. Of the 2 patients who experienced 
virologic relapse, only NS5A RAVs were noted at baseline. 
No correlation was seen between the presence of baseline 
NS3 or NS5A RAVs and SVR12 in this study. According 
to recent data presented by Kwo and colleagues, although 
50% of non-LT patients had RAVs to grazoprevir, their 
SVR12 rates were not affected.36 However, a decreased 
SVR12 rate was noted in patients with high-level NS5A 
RAVs (52%) as compared with patients with no or low-
level NS5A RAVs (99%-100%).36 

Analysis

The current literature supports the use of DAA agents 
in the setting of HCV recurrence post-LT. SVR12 rates 
greater than 90% were consistently achieved in patients 
with compensated cirrhosis. However, some studies have 
shown decreased SVR rates in patients with severe liver 
disease. This was particularly notable in patients with 
genotype 1a infection.28,29 Data are currently limited on 
further genotype-specific response rates in LT patients; 
however, it is clear from the current data that both geno-
type and liver disease severity not only affect response 
rates individually but also have confounding effects (Table 
1). Furthermore, predictors of failure may differ between 
regimens. For example, hypoalbuminemia predicted 
failure using sofosbuvir and daclatasvir in pretransplant 
patients with decompensated liver cirrhosis.35 There may 
also be patient relapse from RAVs that will likely impact 
the effectiveness of possible future therapies.36-42 Treat-
ment duration and the addition of ribavirin are additional 
factors that have to be further evaluated. Some studies 
have shown that there may be a benefit in treating patients 
for a longer course and adding ribavirin in patients with 
more advanced liver disease.26 The time from transplant to 
treatment initiation may also play a role; perhaps patients 
benefit from being treated earlier.24

There are limited data on HCV treatment in LT 
recipients who have FCH or are coinfected with HIV. 
There is a range of SVR in LT recipients. One of the 

potential reasons for this variability in SVR is the timing 
of treatment initiation. Leroy and colleagues described 
promising response rates in recipients with FCH who 
were treated with sofosbuvir and ribavirin (SVR12 rate of 
88%) as well as those treated with sofosbuvir and dacla-
tasvir (SVR12 rate of 100%).31 Patients with FCH who 
received sofosbuvir and ribavirin had a SVR rate of 80%, 
according to a study by Forns and colleagues.24 Saab and 
colleagues recently conducted a matched analysis of 10 
LT recipients with FCH compared with post-LT patients 
without FCH who were treated with sofosbuvir and 
ribavirin.37 The SVR12 rate in the FCH cohort was 40% 
compared with 80% in the non-FCH cohort. The graft 
survival rates were 80% and 100% in FCH and non-FCH 
cohorts, respectively. Overall, patient survival was 90% in 
the FCH cohort and 100% in the non-FCH cohort. The 
treatment of HIV-coinfected patients with interferon-free 
DAA agents has not been fully evaluated in the LT setting. 
However, the SVR is not believed to be substantially lower 
in coinfected LT recipients than in HCV-monoinfected 
LT recipients because no dramatic differences have been 
demonstrated in the nontransplant setting. However, there 
are concerns and precautions required for potential drug 
interactions with HIV medications.38

There are a number of unanswered questions regard-
ing treatment for LT recipients. The ideal time to start 
DAA agents has been investigated in several studies, some 
of which demonstrate the safety and efficacy of starting 
DAA agents immediately after LT in patients with aggres-
sive recurrent HCV.24,31,37 When the decision to start DAA 
treatment is elective, the preferred time may be at least 3 to 
6 months after LT, at which point readmission and surgi-
cal issues that may impact medication drug adherence are 
less likely. Other studies have evaluated the role of ribavi-
rin. Currently, studies on the 3D regimen and sofosbuvir/
ledipasvir have included the use of ribavirin. The effect of 
these regimens without ribavirin is unknown; additional 
studies excluding the use of ribavirin are needed, given its 
poor tolerability in the LT setting. 

Overall, the adverse events with DAA agents are mild. 
Patients with advanced liver disease tend to experience 
more severe adverse events than patients with minimal 
disease, partially due to being more ill in general.24,26 

Table 2. Effect of Direct-Acting Antiviral Agents on the Levels of Commonly Used Immunosuppressants 

Direct-Acting Antiviral Agent(s) Cyclosporine Tacrolimus Mycophenolate

Daclatasvir No change in level No change in level No change in level

Ledipasvir No change in level No change in level No change in level

Simeprevir Contraindicated No change in level No change in level

Sofosbuvir No change in level No change in level No change in level

3D Increased levels Increased levels Increased levels
3D, combination of ombitasvir, paritaprevir with ritonavir, and dasabuvir.
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This is further compounded by the fact that patients with 
advanced disease often receive ribavirin in addition to 
DAA agents. Ribavirin use has consistently been shown 
to increase adverse events when compared with the use 
of DAA agents alone. However, the side-effect profile is 
much improved in comparison with interferon. 

Drug-drug interactions with immunosuppressive 
therapies have been noted in several studies and often 
required dosage adjustments (Table 2).43 Although the 
understanding of drug-drug interactions is still incom-
plete, known interactions have been cataloged and should 
be considered prior to initiating therapy.43 For example, 
the use of simeprevir in patients on cyclosporine is contra-
indicated, as concomitant use has been shown to signifi-
cantly increase simeprevir concentrations. Several poten-
tial interactions that require close monitoring of drug 
serum levels have also been described. Simeprevir use with 
tacrolimus has been shown to increase simeprevir concen-
trations and decrease tacrolimus concentrations. Ledi-
pasvir use with cyclosporine may increase concentrations 
of both drugs, as both are substrates of P-glycoprotein, 
which ledipasvir inhibits. Use of ombitasvir, paritaprevir 
with ritonavir, and dasabuvir has been shown to increase 
serum tacrolimus levels, and dose modification of tacroli-
mus is recommended. Sofosbuvir use has not shown any 
clinically significant interactions with either tacrolimus 
or cyclosporine. Further study will be required to better 
qualify these interactions. 

There are several limitations of the current available data. 
Studies evaluating the treatment of patients with advanced 
liver disease often exclude patients with renal insufficiency; 
thus, these data may not be generalizable to all patients in 
clinical practice. Furthermore, only short-term data on DAA 
use is currently available. It is unclear whether results seen 
with DAA agents will be sustained. Longitudinal studies 
will be needed to evaluate patients after achieving SVR to 
ascertain if clinical outcomes are improved. 

Conclusion

Noninterferon-based therapies with oral DAA agents 
have revolutionized the treatment of HCV recurrence 
posttransplant. These regimens have consistently dem-
onstrated high SVR rates, shorter treatment courses, 
and a more favorable side effect profile than interferon-
based therapies. Although DAA agents are effective even 
in advanced liver disease, SVR rates seem diminished 
when compared with patients with minimal liver disease. 
The role of ribavirin is still not completely understood, 
although several studies have shown no benefit with 
ribavirin in certain cases. Further evaluation of drug-drug 
interactions with calcineurin inhibitors will be needed as 
DAA use becomes more common.

Dr Saab is a member of the speakers bureau and serves as a 
consultant for AbbVie, Gilead, BMS, and Merck. The other 
authors have no relevant conflicts of interest to disclose. 

References

1. Kim WR, Stock PG, Smith JM, et al. OPTN/SRTR 2011 Annual Data Report: 
liver. Am J Transplant. 2013;13(suppl 1):73-102.
2. Busuttil RW, Farmer DG, Yersiz H, et al. Analysis of long-term outcomes of 
3200 liver transplantations over two decades: a single-center experience. Ann Surg. 
2005;241(6):905-916.
3. Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR. The association 
between hepatitis C infection and survival after orthotopic liver transplantation. 
Gastroenterology. 2002;122(4):889-896.
4. Pelletier SJ, Schaubel DE, Punch JD, Wolfe RA, Port FK, Merion RM. 
Hepatitis C is a risk factor for death after liver retransplantation. Liver Transpl. 
2005;11(4):434-440.
5. Roche B, Sebagh M, Canfora ML, et al. Hepatitis C virus therapy in liver trans-
plant recipients: response predictors, effect on fibrosis progression, and importance 
of the initial stage of fibrosis. Liver Transpl. 2008;14(12):1766-1777.
6. Stepanova M, Wai H, Saab S, Mishra A, Venkatesan C, Younossi ZM. The 
portrait of an adult liver transplant recipient in the United States from 1987 to 
2013. JAMA Intern Med. 2014;174(8):1407-1409.
7. Thuluvath PJ, Krok KL, Segev DL, Yoo HY. Trends in post-liver transplant 
survival in patients with hepatitis C between 1991 and 2001 in the United States. 
Liver Transpl. 2007;13(5):719-724.
8. Biggins SW, Bambha KM, Terrault NA, et al. Projected future increase in aging 
hepatitis C virus-infected liver transplant candidates: a potential effect of hepato-
cellular carcinoma. Liver Transpl. 2012;18(12):1471-1478.
9. Saab S, Rheem J, Sundaram V. Hepatitis C infection in the elderly. Dig Dis Sci. 
2015;60(11):3170-3180.
10. Kawaoka T, Takahashi S, Kawakami Y, et al. Sustained virological response to 
antiviral therapy improves survival rate in patients with recurrent hepatitis C virus 
infection after liver transplantation. Hepatol Res. 2014.
11. Rodriguez-Luna H, Khatib A, Sharma P, et al. Treatment of recurrent hepatitis 
C infection after liver transplantation with combination of pegylated interferon 
alpha2b and ribavirin: an open-label series. Transplantation. 2004;77(2):190-194.
12. Lavezzo B, Franchello A, Smedile A, et al. Treatment of recurrent hepatitis C 
in liver transplants: efficacy of a six versus a twelve month course of interferon alfa 
2b with ribavirin. J Hepatol. 2002;37(2):247-252.
13. Narayanan Menon KV, Poterucha JJ, El-Amin OM, et al. Treatment of post-
transplantation recurrence of hepatitis C with interferon and ribavirin: lessons on 
tolerability and efficacy. Liver Transpl. 2002;8(7):623-629.
14. Shakil AO, McGuire B, Crippin J, et al. A pilot study of interferon alfa and 
ribavirin combination in liver transplant recipients with recurrent hepatitis C. 
Hepatology. 2002;36(5):1253-1258.
15. Bizollon T, Palazzo U, Ducerf C, et al. Pilot study of the combination of inter-
feron alfa and ribavirin as therapy of recurrent hepatitis C after liver transplanta-
tion. Hepatology. 1997;26(2):500-504.
16. Samuel D, Bizollon T, Feray C, et al. Interferon-alpha 2b plus ribavirin in 
patients with chronic hepatitis C after liver transplantation: a randomized study. 
Gastroenterology. 2003;124(3):642-650.
17. Webster DP, Klenerman P, Dusheiko GM. Hepatitis C. Lancet. 2015; 
385(9973):1124-1135.
18. Saab S, Manne V, Bau S, et al. Boceprevir in liver transplant recipients. Liver 
Int. 2015;35(1):192-197.
19. Coilly A, Roche B, Dumortier J, et al. Safety and efficacy of protease inhibitors 
to treat hepatitis C after liver transplantation: a multicenter experience. J Hepatol. 
2014;60(1):78-86.
20. Ikegami T, Yoshizumi T, Yoshida Y, et al. Telaprevir versus simeprevir for the 
treatment of recurrent hepatitis C after living donor liver transplantation [pub-
lished online June 19, 2015]. Hepatol Res. doi:10.1111/hepr.12546.
21. Werner CR, Franz C, Egetemeyr DP, et al. Efficacy and safety of telaprevir 
(TVR) triple therapy in a ‘real-life’ cohort of 102 patients with HCV genotype 1: 
interim analysis after 24 weeks of treatment. J Viral Hepat. 2014;21(5):333-340.
22. Nair S, Waters B. Telaprevir in treatment of recurrent hepatitis C infection in 
liver transplant recipients. Exp Clin Transplant. 2014;12(2):117-122.
23. Charlton M, Gane E, Manns MP, et al. Sofosbuvir and ribavirin for treatment 
of compensated recurrent hepatitis C virus infection after liver transplantation. 



30    Gastroenterology & Hepatology  Volume 12, Issue 1  January 2016

S U R A W E E R A  E T  A L 

Gastroenterology. 2015;148(1):108-117.
24. Forns X, Charlton M, Denning J, et al. Sofosbuvir compassionate use program 
for patients with severe recurrent hepatitis C after liver transplantation. Hepatology. 
2015;61(5):1485-1494.
25. Brown RS, Reddy KR, O’Leary JG, et al. Safety and efficacy of new DAA-based 
therapy for hepatitis C post-transplant: interval results from the HCV-TARGET lon-
gitudinal, observational study [AASLD abstract LB-4]. Hepatology. 2014;60(5 suppl).
26. Charlton M, Everson GT, Flamm SL, et al; SOLAR-1 Investigators. Ledipasvir 
and sofosbuvir plus ribavirin for treatment of HCV infection in patients with 
advanced liver disease. Gastroenterology. 2015;149(3):649-659.
27. Saab S, Greenberg A, Li E, et al. Sofosbuvir and simeprevir is effective for 
recurrent hepatitis C in liver transplant recipients. Liver Int. 2015;35(11): 
2442-2447.
28. Pungpapong S, Aqel B, Leise M, et al. Multicenter experience using simeprevir 
and sofosbuvir with or without ribavirin to treat hepatitis C genotype 1 after liver 
transplant. Hepatology. 2015;61(6):1880-1886.
29. Gutierrez JA, Carrion AF, Avalos D, et al. Sofosbuvir and simeprevir for treat-
ment of hepatitis C virus infection in liver transplant recipients. Liver Transpl. 
2015;21(6):823-830.
30. Coilly A, Fougerou C, De Ledinghen V, et al. The association of sofosbuvir and 
daclatasvir for treating severe recurrence of HCV infection after liver transplanta-
tion. Presented at the Annual Meeting of the European Association for the Study 
of the Liver; Vienna, Austria; April 22-26, 2015. Abstract G15.
31. Leroy V, Dumortier J, Coilly A, et al. Major clinical improvement during 
sofosbuvir and daclatasvir-based regimens for the treatment of fibrosing cholestatic 
HCV-recurrence after liver transplantation: the ANRS CO23 CUPILT study. Pre-
sented at the American Association for the Study of Liver Diseases Liver Meeting; 
Boston, Massachusetts; November 7-12, 2014. Abstract 21.
32. Pellicelli AM, Montalbano M, Lionetti R, et al. Sofosbuvir plus daclatasvir 
for post-transplant recurrent hepatitis C: potent antiviral activity but no clinical 
benefit if treatment is given late. Dig Liver Dis. 2014;46(10):923-927.

33. Poordad F, Schiff E, Vierling J, et al. Daclatasvir, sofosbuvir, and ribavirin 
combination for HCV patients with advanced cirrhosis or post-transplant recur-
rence: ALLY-1 phase 3 study. [EASL abstract LO8]. J Hepatol. 2015;62(1 suppl).
34. Kwo PY, Mantry PS, Coakley E, et al. An interferon-free antiviral regimen for 
HCV after liver transplantation. N Engl J Med. 2014;371(25):2375-2382.
35. Jacobson IM, Poordad F, Firpi-Morell R, et al. Efficacy and safety of grazopre-
vir and elbasvir in hepatitis C genotype 1-infected patients with Child-Pugh class 
B cirrhosis (C-SALT Part A) [EASL abstract O008]. J Hepatol. 2015;62(1 suppl).
36. Kwo PY, Gane E, Peng CY, et al. Grazoprevir/elbasvir shows excellent activ-
ity in prior non-responders to interferon-based therapies. Presented at Digestive 
Disease Week; Washington, DC; May 16-19, 2015. Abstract 901f. 
37. Saab S, Jimenez M, Bau S, et al. Treating fibrosing cholestatic hepatitis C with 
sofosbuvir and ribavirin: a matched analysis. Clin Transplant. 2015;29(9):813-819.
38. Campos-Varela I, Peters MG, Terrault NA. Advances in therapy for HIV/
hepatitis C virus-coinfected patients in the liver transplant setting. Clin Infect Dis. 
2015;60(1):108-116.
39.  Foster GR, McLauchlan J, Irving W, et al. Treatment of decompensated HCV 
cirrhosis in patients with diverse genotypes: 12 weeks sofosbuvir and NS5A inhibi-
tors with/without ribavirin is effective in HCV genotypes 1 and 3 [EASL abstract 
O002]. J Hepatol. 2015;62(1 suppl).
40. Dvory-Sobol H, Wyles D, Ouyang W, et al. Long-term persistence of HCV 
NS5A variants after treatment with NS5A inhibitor ledipasvir [abstract O059]. J 
Hepatol. 2015;60(suppl 2).
41. Krishnan P, Tripathi R, Schnell G, et al. Long-term follow-up of treat-
ment-emergent resistance-associated variants in NS3, NS5A and NS5B with 
paritaprevir/r-, ombitasvir- and dasabuvir-based regimens [abstract O057]. J 
Hepatol. 2015;60(suppl 2). 
42. Lawitz E, Flamm S, Yang YV, et al. Retreatment of patients who failed 8 or 
12 weeks of ledipasvir/sofosbuvir-based regimens with ledipasvir/sofosbuvir for 24 
weeks [abstract O005]. J Hepatol. 2015;60(suppl 2). 
43.  Hep-Drug Interactions. The University of Liverpool. http://www.hep-drugin-
teractions.org. Accessed August 14, 2015.


