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Abstract
AIM
To analyze the safety and efficiency of direct-acting 
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antiviral (DAA) regimens in liver-transplanted patients 
with hepatitis C virus (HCV) reinfection.

METHODS
Between January 2014 and December 2016, 39 patients 
with HCV reinfection after liver transplantation were 
treated at our tertiary referral center with sofosbuvir 
(SOF)-based regimens, including various combinations 
with interferon (IFN), daclatasvir (DAC), simeprivir (SIM) 
and/or ledipasvir (LDV). Thirteen patients were treated 
with SOF + IFN ± RBV. Ten patients were treated with 
SOF + DAC ± RBV. Fiveteen patients were treated 
with fixed-dose combination of SOF + LDV ± RBV. 
One patient was treated with SOF + SIM + RBV. Three 
patients with relapse were retreated with SOF + LDV + 
RBV. The treatment duration was 12-24 wk in all cases. 
The decision about the HCV treatment was made by 
specialists at our transplant center, according to current 
available or recommended medications.

RESULTS
The majority of patients were IFN-experienced (29/39, 
74.4%) and had a history of hepatocellular carcinoma 
(26/39, 66.7%) before liver transplantation. Sustained 
virological response at 12 wk (SVR12) was achieved 
in 10/13 (76.9%) of patients treated with SOF + IFN 
± RBV. All patients with relapse were treated with 
fixed-dose combination of SOF + LDV + RBV. Patients 
treated with SOF + DAC + RBV or SOF + LDV + RBV 
achieved 100% SVR12. SVR rates after combination 
treatment with inhibitors of the HCV nonstructural 
protein (NS)5A and NS5B for 24 wk were significantly 
higher, as compared to all other therapy regimens (P  = 
0.007). Liver function was stable or even improved in 
the majority of patients during treatment. All antiviral 
therapies were safe and well-tolerated, without need 
of discontinuation of treatment or dose adjustment 
of immunosuppression. No serious adverse events or 
any harm to the liver graft became overt. No patient 
experienced acute cellular rejection during the study 
period. 

CONCLUSION
Our cohort of liver-transplanted patients achieved high 
rates of SVR12 after a 24-wk course of treatment, 
especially with combination of NS5A and NS5B 
inhibitors. 

Key words: Hepatitis C virus; Recurrence; Direct acting 
antivirals; Liver transplantation; Sustained virological 
response

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We examined the safety and efficiency of 
novel direct-acting antiviral agents (DAAs) in liver-
transplanted patients with recurrence of hepatitis c 
virus (HCV) infection in a real-world cohort at our 
tertiary care center. In conclusion, DAAs are safe and 
very efficient in HCV patients after liver transplantation, 

even in case of recurrent cirrhosis or history of relapse 
after pegylated-interferon therapy. The high sustained 
virological response rates in our cohort, despite many 
patients with recurrent cirrhosis, may argue for a 24-wk 
therapy period in patients with risk factors for therapy 
failure in a posttransplant setting.

Rupp C, Hippchen T, Neuberger M, Sauer P, Pfeiffenberger J, 
Stremmel W, Gotthardt DN, Mehrabi A, Weiss KH. Successful 
combination of direct antiviral agents in liver-transplanted 
patients with recurrent hepatitis C virus. World J Gastroenterol 
2018; 24(12): 1353-1360  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i12/1353.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i12.1353

INTRODUCTION
Recurrent infection with hepatitis C virus (HCV) 
following liver transplant (LT) treatment is the leading 
cause of liver graft loss and death in liver-transplanted 
patients infected with HCV[1]. In patients with 
detectable HCV RNA at the time of transplantation, 
HCV universally recurs. In such cases, HCV infection 
shows an accelerated course, with progression to 
advanced fibrosis within 5 years post LT in the majority 
of patients. Fundamental steps in understanding and 
deciphering the HCV replication system in the last 2 
decades has opened up the way for development of 
highly effective new antiviral drugs[2-4]. 

Before introduction of the direct-acting antiviral 
(DAA) therapies, treatment options for recurrent 
HCV in liver-transplanted patients were limited, due 
to significant drug-drug interactions and severe side 
effects. The approval of DAAs has revolutionized HCV 
treatment. Nowadays, well-tolerated, interferon (IFN)-
free and highly efficient treatment options are available 
for HCV-infected patients[5-8]. In most cases, DAA 
administration before liver transplantation prevents 
HCV recurrence[9]. 

Despite the growing number of successfully treated 
patients, HCV recurrence after orthotopic LT remains 
one of the most challenging clinical situations[10-12]. 
Thus, analysis of real-world cohorts of LT recipients may 
provide valuable insights into the safety and efficacy of 
DAA treatment in these cohorts[13-17]. Herein, we present 
the first experience of liver-transplanted patients with 
HCV recurrence at our tertiary care center. 

MATERIALS AND METHODS
Study cohort
The study cohort comprised all liver-transplanted patients 
treated with a DAA regimen at the Heidelberg University 
Hospital. In total, 39 patients were included. The baseline 
characteristics are depicted in Table 1. All patients 
included in the study were treated with DAAs. All 
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patients were at least 6-mo post LT before the antiviral 
therapy was started. In all patients, corticosteroids 
had been discontinued successfully, by tapering over a 
3-mo to 6-mo period and immunosuppressive therapy 
reduced to a long-term dosage. Immunosuppression 
was achieved by cyclosporine in 19 (48.7%) patients, 
tacrolimus in 18 (46.2%) patients, and sirolimus 1 
(2.6%) or everolimus in 1 (2.6%) patient, respectively. 
Comedication with mycophenolate mofetil was 
administered in 21 (53.8%) patients. Patients with a 
history of hepatocellular carcinoma (HCC) before liver 
transplantation accounted for 26 (66.7%). All patients 
with HCC before LT met the Milan-criteria. Three patients 
[3 (7.7%)] have been already retransplanted at least 
once. The study covered the period from January 2014 
to December 2016. The outcomes of all patients in the 
study were followed until June 2017.

HCV treatment
HCV treatment was administered by the outpatient 
clinic at our tertiary center. The decision about the 
HCV treatment was made by specialists at our 
transplant center, according to current available or 
recommended medications. Patients were treated 
according to recommendations of available drugs that 
carried approval by the United States Food and Drug 
Administration and the European Medicines Evaluation 
Agency. As different drugs became approved during 
the course of this study, the therapy regimens 
were adapted. In the beginning, 400 mg sofosbuvir 
(SOF) was combined with pegylated (Peg)-IFN (180 
µg once weekly, dosage modifications according 
manufacturers’ recommendations) and ribavirin (RBV). 
After introduction of 60 mg daclatasvir (DAC), 150 mg 
simeprivir (SIM) and fixed-dose combination of 400 

mg SOF with 90 mg ledipasvir (LDV), IFN-containing 
regimens were no longer perpetuated. 

Statistical analysis
Calculations were carried out using PASW Statistics 
22. Frequencies were compared using a χ 2 test or the 
Fisher’s exact test, where appropriate. Continuous data 
were compared using the nonparametric Wilcoxon 
rank-sum test. 

Ethic approval
Written informed consent was obtained from each 
patient included in the study. The study protocol 
conforms to the ethical guidelines of the 1975 Decla
ration of Helsinki, as reflected by the prior approval 
by the institution’s human research committee. The 
study was approved by the local ethics committee of 
Heidelberg University as well.

RESULTS
Baseline characteristics
The baseline characteristics of the study cohort are 
presented in Table 1. The male to female ratio was 
3:1. The median age at beginning of antiviral therapy 
was about 5 years above the median age of first 
liver transplantation (53.8 years; range: 23.4-68.4 
years). Immunosuppression was achieved mainly by 
cyclosporine or tacrolimus, with only 2 of the patients 
receiving sirolimus or everolimus, respectively; half of 
the patients received comedication with mycophenolate 
mofetil. 

Recurrent cirrhosis occurred in 17 (43.6%) patients, 
with the majority of cases having relatively low severity 
[Child-Turcotte-Pugh (CTP) score A] and 2 of the cases 
having mid-severity (CTP score B). Nearly two-thirds 
of the patients in the total study cohort were treatment 
experienced, with an IFN-containing regimen. 26 
(66.7%) patients had a history of hepatocellular 
carcinoma (HCC) before liver transplantation. The 
median time since transplantation was 4.6 years, 
ranging from 5.5 mo to 22.7 years. The most common 
HCV genotypes were 1 and 3, respectively, with 
genotypes 2 and 4 being relatively rare. The median 
viral load before therapy was 1.43 × 106. 

Therapy regimen
Nine patients were treated with SOF + RBV, five of 
who received the Peg-IFN combination therapy. In 
general, the treatment duration was 12 wk in cases 
of stable liver function and up to 24 wk in cases with 
known risk factors of therapy failure (e.g., recurrent 
cirrhosis or treatment-experience). One patient 
received SOF + RBV for 48 wk, as she was awaiting 
liver transplantation. Eighteen patients were treated 
with the fixed-dose combination of SOF plus LDV, 
either with (n = 15) or without (n = 3) RBV for 24 wk. 

1355 March 28, 2018|Volume 24|Issue 12|WJG|www.wjgnet.com

Table 1  Baseline characteristics of study cohort n  (%)

Characteristic Data

Sex Male 28 (71.8) 
Female 11 (28.2) 

Age (yr) 58.6 (range: 45.8-72.3)
Immunosuppression Cyclosporine 19 (48.7)

Tacrolimus 18 (46.2)
Sirolimus 1 (2.6)

Everolimus 1 (2.6)
Mycophenolate mofetil 21 (53.8) 

Liver histology F0-2 7 (17.9)
F3 15 (38.5)
F4 17 (43.6)

Liver function, CTP A 17 (43.6)
B 2 (5.1)  

Risk factors Interferon-experienced 29 (74.4) 
History of HCC 26 (66.7) 

HCV genotype 1 24 (61.5)
2 1 (2.6)
3 13 (33.3)
4 1 (2.6)

CTP: Child-turcotte-pugh; HCC: Hepatocellular carcinoma.
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therapy. Only 2 patients had detectable viral load after 
12 wk of treatment. In both of these cases, no HCV 
was detectable after 24 wk of treatment and no relapse 
occurred. There was no association between viral load 
at the beginning or during the course of therapy and 
risk for relapse. 

Liver function 
The model for end-stage liver disease (MELD) score 
remained stable or improved in 20 (51.3%) patients 
until the end of therapy. At 12 wk after end of therapy, 
improved or stable MELD score was found in 21 
(53.8%) patients. At 24 wk after end of therapy, the 
majority of patients (32/39, 82.1%) had at least stable 
or improved MELD score (Figure 1). 

Risk factors for relapse
We assessed several clinical and laboratory risk 
factors associated with treatment failure. We found 
no association of sex, age, immunosuppression, HCV 
genotype, viral load, CTP score or MELD score with 
treatment failure. In addition, there was no association 
found for any of these factors with SVR. When com
paring different therapy regimens, we were able to 
demonstrate superior rates of SVR at 12 wk (SVR12) 
for a combination of inhibitors of the HCV nonstructural 
protein (NS)5A and NS5B administered for 24 wk, as 
compared to all other regimens (29/29 vs 10/13; P = 
0.007). 

Overall graft and host survival rates and prevalence of 
HCC
During the study period, 1 patient underwent re-trans
plantation and 1 patient died because of progredient 
liver failure. Both had achieved SVR24 after successful 
antiviral therapy. During the study period, no HCC was 
detected in any patient, especially not in those who 
had had HCC before the LT. No other malignant disease 
became overt in our cohort during the study period.

DISCUSSION
The availability of new antiviral drugs poses new 
questions about the optimum timing and duration 
of treatment to prevent HCV recurrence after liver 
transplantation[18]. Facing good tolerance and low drug-
drug interactions, antiviral treatment seems to be 
acceptable for both before and after transplantation[19-21]. 
Yet, antiviral therapy after liver transplantation remains 
challenging in this difficult-to-treat population[22,23]. On 
the one side, antiviral therapy should not interfere with 
immunosuppression; on the other side, stimulation 
of the immune system might compromise liver graft 
function. With the introduction of DAAs, a new era for 
treatment of HCV-infected patients has begun. 

A growing amount of studies have confirmed the 
efficiency and safety of DAAs in LT recipients[24-26]. 

Ten patients received SOF in combination with DAC, 
either with (n = 6) or without (n = 4) RBV for 24 wk. 
One patient was treated with a combination of SOF 
plus SIM and RBV for 24 wk (Table 2). Clinical and 
laboratory baseline characteristics were not different 
between the different regimen cohorts. 

Safety
All patients completed antiviral treatment. No serious 
adverse events occurred that required hospitali
zation or discontinuation of therapy. No adaption of 
immunosuppression was necessary during the course 
of treatment. No patient experienced acute cellular 
rejection of the graft during the study period. Side 
effects attributable to the antiviral therapy were fatigue 
(14/39, 35.9%), anemia (11/39, 28.2%) and irritability 
(6/39, 15.4%). Side effects concerning blood cell 
count were attributable to concomitant therapy with 
RBV. In patients without RVB therapy, no anemia or 
thrombocytopenia occurred. All side effects disappeared 
after therapy was finished. 

Sustained virological response
At the end of the study period, all patients had 
attained Sustained virological response (SVR) at 24 
wk (SVR24). Of the thirty-nine patients, three patients 
experienced relapse after the first therapy with SOF + 
RBV, including those with (n = 1) or without (n = 2) 
the Peg-IFN for 24 wk. Relapse occurred within 4 wk 
after the end of therapy. All patients with relapse were 
retreated with fixed-dose combination of SOF + LDV 
and achieved SVR24. 

The viral loads detected during therapy are shown 
in Table 3. In the majority of patients HCV was 
undetectable between weeks 4 through 8 of the antiviral 

Table 2  Hepatitis C virus treatment regimens

n Therapy SVR24

5 IFN + SOF + RBV 4/5 (80.0%)
8 SOF + RBV 6/8 (75.0%)
9 DAC +SOF + RBV 9/9 (100.0%)
1 DAC + SOF 1/1 (100.0%)
13 LDV + SOF + RBV 13/13 (100.0%)
2 LDV + SOF 2/2 (100.0%)
1 SIM + SOF + RBV 1/1 (100.0%)

DAC: Daclatasvir; IFN: Interferon; LDV: Ledipasvir; RBV: Ribavirin; SIM: 
Simeprevir; SOF: Sofosbuvir; SVR24: Sustained virological response at 24 wk. 

Table 3  Viral load throughout treatment period

Time (wk) Mean Min Max

T (0) 3268770 45600 25200000
T (4) 25812.1 0 771000
T (8) 22.8 0 268
T (12) 4.1 0 101
T (24) 0 0 0

Rupp C et al . NS5A/NS5B inhibitors in liver-transplanted HCV patients
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Several therapy regimens have been successfully tested 
so far[14]. We report here about the first experiences 
with liver-transplanted patients and HCV reinfection 
at our tertiary care center. To the end of the study 
period, all patients had reached SVR12. In this study 
we showed also SVR24 rates, to rule out the possibility 
of delayed relapse in our patients, like rarely seen in 
patients treated with interferon and ribavirin. As all 
three relapses to DAA therapy appeared already within 
4 wk after cessation of therapy we believe SVR12 is 
sufficient to determine successful HCV eradication. 
We had decided on a 24-wk treatment period for the 
majority of patients, as most patients had already 
relapsed or shown nonresponse with past administered 
IFN-containing HCV therapies. Furthermore, most 
patients had already developed recurrent cirrhosis, 
representing another risk factor for therapy failure[27]. 

HCV therapy was well tolerated in all our patients, 
and there was no case of therapy termination nece
ssitated for any patient due to side effects or adverse 
events. In our cohort, most patients received RBV 
in addition to the DAA[28]. Side effects concerning 
affectation of the blood count might be attributable to 
the comedication with RBV. Importantly, we recognized 
no serious harmful effects on transplant function, as 
no patient experienced an episode of acute cellular 
rejection or required re-transplantation during or 
immediately after the antiviral therapy. Most patients 
showed improvement of liver function after the end 
of therapy, which might improve graft survival in the 
future[29]. 

One patient underwent re-transplantation at 1 
year after successful antiviral therapy, and another 
patient died due to progredient liver failure after more 
than 2 years after reaching SVR12. Both patients had 
recurrent cirrhosis and were transplanted more than 5 
years ago. These patients might represent a subgroup 
of patients that have reached a point of no return, 
as HCV infection has already caused severe damage 
to the liver graft, which cannot be reverted even by 
successful antiviral therapy[29-32]. 

Liver function remained stable in most patients 
during the course of therapy and improved within 24 wk 
after end of therapy in more than 80% of patients. This 
is in line with other studies of posttransplant patients 
and emphasizes the importance of antiviral therapy for 
liver graft protection. Importantly, there was no HCC 
recurrence despite a high number of patients with HCC 
prior to transplantation in our cohort[33-35]. 

We were not able to identify any potential risk 
factors for therapy failure according to the clinical or 
laboratory parameters used in our study. In particular, 
we found no correlation with successful antiviral therapy 
and viral load, genotype, age, immunosuppression 
or liver function. Additionally, we found no different 
outcome between patients treated with RBV or without, 
which might underline the advantage of an RBV-
free regimen[28]. When comparing different therapy 
regimens, we were able to demonstrate superior SVR12 
rates for a combination of NS5A and NS5B inhibitors 
at 24 wk, as compared to all other regimens. However, 
this study was not designed nor powered to answer this 
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question. 
In conclusion, DAAs are safe and very efficient in 

HCV patients after liver transplantation, even in cases 
of recurrent cirrhosis or history of relapse after Peg-
IFN therapy. The high SVR rates in our cohort, despite 
the many patients with recurrent cirrhosis, may argue 
for a 24-wk therapy period in patients with risk factors 
for therapy failure in a posttransplant setting.

Article Highlights
Research background
Recurrent infection with hepatitis C virus (HCV) following liver transplant (LT) 
treatment is the leading cause of liver graft loss and death in liver-transplanted 
patients infected with HCV. Before introduction of the direct-acting antiviral (DAA) 
therapies, treatment options for recurrent HCV in liver-transplanted patients 
were limited, due to significant drug-drug interactions and severe side effects. 
The approval of DAAs has revolutionized HCV treatment.

Research motivation
Despite the growing number of successfully treated patients, HCV recurrence 
after orthotopic LT remains one of the most challenging clinical situations. Thus, 
analysis of real-world cohorts of LT recipients may provide valuable insights into 
the safety and efficacy of DAA treatment in these cohorts. 

Research objectives
To analyze the safety and efficiency of DAA regimens in liver-transplanted 
patients with HCV reinfection in a real-world cohort.

Research methods
The study cohort comprises all liver transplanted patients that were treated 
with direct acting antiviral regimen at the Heidelberg University Hospital from 
January 2014 to December 2016. In total 39 patients were included. Clinical 
and laboratory baseline characteristics were collected at entry into the study. All 
patients were at least six months liver transplanted before antiviral therapy was 
started. HCV treatment was administered by the outpatient clinic at our tertiary 
center. The decision about the HCV treatment was made by specialists at our 
transplant center, according to current available or recommended medication. 
Patients were treated according recommendations of available drugs after 
approval by FDA and EMEA. As different drugs were approved during the 
course of this study therapy regimen were adapted. In the beginning Sofosbuvir 
was combined with pegylated interferon (Peg-INF) and ribavirin. After 
introduction of Daclatasvir, Simeprivir and fixed-dose combination of Sofosbuvir 
with Ledipasvir interferon containing regimen were no longer perpetuated.

Research results
At the end of the study period, all thirty-nine patients had attained SVR at 24 
wk (SVR24). Sustained virological response at 12 wk (SVR12) was achieved 
in 10/13 (76.9%) of patients treated with SOF + IFN ± RBV. All patients with 
relapse were treated with fixed-dose combination of SOF + LDV + RBV. 
Patients treated with SOF + DAC + RBV or SOF + LDV + RBV achieved 100% 
SVR12. SVR rates after combination treatment with inhibitors of the HCV 
nonstructural protein (NS)5A and NS5B for 24 wk were significantly higher, as 
compared to all other therapy regimens (P = 0.007). Liver function was stable or 
even improved in the majority of patients during treatment. All antiviral therapies 
were safe and well-tolerated, without need of discontinuation of treatment or 
dose adjustment of immunosuppression. No serious adverse events or any 
harm to the liver graft became overt. No patient experienced acute cellular 
rejection during the study period.

Research conclusions
In conclusion, DAAs are safe and very efficient in HCV patients after liver 
transplantation, even in cases of recurrent cirrhosis or history of relapse after 
Peg-IFN therapy. The high SVR rates in our cohort, despite the many patients 
with rrecurrent cirrhosis, may argue for a 24-wk therapy period in patients with 

risk factors for therapy failure in a posttransplant setting.

Research perspectives
HCV recurrence after orthotopic LT can be safely and efficiently treated with 
DAAs. Optimal timing and duration of antiviral therapy remains undetermined. 
Patients at risk for relapse need to be identified before initiation of therapy. 
Long-term effects of successful antiviral therapy, especially in patients with 
advanced recurrent cirrhosis, need to be analyzed in future.
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