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Introduction
Hepatitis C virus (HCV) infection is a leading cause of end-stage liver disease and
hepatocellular carcinoma (HCC).1 Approximately 25% of primary HCC and 25% of
liver cirrhosis are caused by chronic hepatitis C.2 Thus, HCV-related liver failure and
HCC have been the most frequent indications for liver transplantation (LT) in Western
countries in the past two decades.3 HCV infection itself cannot be cured by LT, and
graft reinfection universally occurs.4,5 Fibrosis progression after LT is accelerated under
immunosuppressive therapy with high rates of HCV-associated recurrent cirrhosis.6
In HCV-infected recipients, the development of decompensated recurrent cirrhosis is
the leading cause of graft failure, patient death, and the need for retransplantation.4,6–11
Antiviral treatment with pegylated interferon (PEG-IFN) was the standard of care
in transplant recipients with recurrent hepatitis C. After transplantation, sustained
virological response (SVR) rates ranged between 26 and 50%.12 With the approval
of new direct-acting antivirals (DAAs), the management of recurrent HCV infection
has greatly improved.
In 2014, the first NS5B RNA-polymerase inhibitor sofosbuvir (SOF) became
available for the treatment of HCV-infection in combination with PEG-IFN and/or
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Background: Recurrent hepatitis C virus (HCV) infection after liver transplantation (LT)
has been a frequent and relevant problem in the past two decades. This analysis evaluated the
efficacy and safety of new interferon (IFN)-free direct-acting antiviral (DAA) therapies in a
large real-world cohort of HCV patients after LT.
Methods: We retrospectively analyzed a cohort of 157 patients infected with HCV who underwent deceased donor LT between 1997 and 2014. Patient survival, outcome, and side effects
of antiviral therapy were assessed.
Results: Survival with recurrent HCV genotype 1 (GT1) infection was inferior to other HCV
GTs (P=0.01). The overall sustained virological response (SVR) rate with new DAA therapy was
94.6% (n=37). Patients with both GT1 and other GTs reached SVR rates .90%. We noticed a few
side effects, mainly caused by ribavirin, and only one discontinuation in DAA-treated patients.
Conclusion: DAA therapy was effective and safe in previous hard-to-treat patients after
LT in this real-world cohort.
Keywords: HCV, DAA, liver transplantation, reinfection, sustained virological response, SVR
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Patients and methods
Patient cohort and data collection
We reviewed a total of 570 patients who underwent deceased
donor orthotopic LT between 1997 and 2014 in a singlecenter retrospective analysis. Patients were diagnosed and
followed up in the Interdisciplinary Transplant Center at
the University Medical Center Mainz, Germany. In total,
157 HCV-positive patients were analyzed retrospectively,
72.6% of whom showed genotype 1 (GT1). Baseline characteristics, previous antiviral treatment, outcomes, and side
effects were assessed.
Patients with advanced disease received preferential
DAA treatment from 2014 to 2016: 44 patients were identified with a treatment indication by positive HCV-RNA, 37
of whom received DAA therapy in the meantime. In seven
patients, no DAA therapy was performed due to end-stage
kidney disease (n=3), recurrence of HCC (n=3), or non-smallcell lung cancer (n=1).
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For the 37 DAA-treated patients, data at baseline, end
of treatment (EoT), and 12 weeks after EoT (SVR12) were
collected prospectively and analyzed. Taken together, the
analysis of all 157 post-transplant patients, eg, overall
survival and treatment success of previous therapies, was
retrospective. The observation of the 37 DAA patients was
prospective. Detailed information about the selection of the
study cohort is presented in Figure 1.

Antiviral treatment regimens
DAA treatment regimens were selected by experienced transplant hepatologists according to the recommendations on
treatment of hepatitis C of the European Association for the
Study of the Liver (EASL) in the version of 2014 and 2015
depending on the start of therapy.25,26 Predictors (cirrhosis,
genotype), drug–drug interactions (DDI), especially with
different immunosuppressive regimens, and RBV-associated
side effects were taken into account as published.24 Comedication was checked for DDI online (www.hepdruginteractions.
org) and changed to non-interacting alternatives, if necessary. The dose of RBV was adapted according to the manufacturer’s instruction.

Biochemical and virological response
The viral load (HCV-RNA) was assessed at baseline, EoT,
and SVR12. We defined virological response as the absence
of detectable HCV-RNA at time point SVR12.
The lower limit of HCV-RNA detection is 10 IU/mL in
our laboratory (COBAS TaqMan HCV test, version 2.0;
Roche Diagnostics AG, Rotkreuz, Switzerland; lower
limit of quantification: 25 IU/mL; lower limit of detection
10 IU/mL).

5HWURVSHFWLYH

ribavirin (RBV), yielding high SVR rates in non-LT and
LT patients.13,14 However, there is only a limited database
for its use in LT recipients, and especially a gap prevails in
clinical real-world data.15–18
The indication for antiviral treatment of recurrent hepatitis C was usually based on the first evidence of acute allograft
injury by a significant increase in serum alanine aminotransferase (ALT) and HCV-RNA levels or when the patient
had histological evidence of established liver disease, with
inflammation and/or fibrosis ($F2) of the graft.19,20 Due
to IFN-associated side effects and RBV-induced anemia,
antiviral treatment of HCV infection after LT is challenging.
Treatment-associated rejection episodes and a flare of liver
disease may have resulted in graft failure and ultimately in
patient death.12,21,22 With the approval of DAAs, standard of
care has changed to a combination therapy with DAAs, in
the beginning in combination with PEG-IFN and RBV.23,24
However, experience on post-LT treatment with DAA
therapy in real-world cohorts is limited.
We retrospectively analyzed a well-characterized realworld cohort of HCV patients for genotype, IFN-based
pretreatment, outcomes, and survival. A high proportion of
these patients were previous non-responders to IFN-based
therapy and, therefore, hard to treat. Those patients who
underwent DAA treatment were analyzed prospectively.
The aim of this work was to analyze the survival of
HCV-positive patients post-LT and investigate the efficacy
and safety of DAAs in a real-world cohort of previous hardto-treat LT patients with recurrent hepatitis C.
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Figure 1 Flowchart showing the selection of the treatment cohort.
Abbreviations: LT, liver transplantation; HCV, hepatitis C virus; DAA, directacting antiviral; SVR, sustained virological response; IFN, interferon.
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Survival analysis
We assessed the survival of patients in the first 5 years after
LT with and without HCV and differences in GTs after IFNbased antiviral treatment. These long-term follow-up data
are not available for DAA-treated patients after LT to date;
therefore, a direct comparison between IFN- and DAA-based
treatment regimens was not feasible.

Fibrosis assessment
Liver biopsies in our transplant center are routinely performed 1, 5, and 10 years after LT. Additional biopsies were
performed whenever a biochemical or clinical abnormality
with signs of graft dysfunction occurred. FibroScan was not
routinely performed in all patients since liver biopsies as gold
standard were available.

Statistical analysis
Data are given as medians with corresponding interquartile
ranges and shown graphically by box and whiskers plots.
Pairwise comparisons of laboratory parameters between
baseline and SVR12 were conducted using the nonparametric
Wilcoxon signed-rank test. Overall survival was analyzed
and graphically presented by Kaplan–Meier curves. Survival
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between groups was compared by the log-rank test. Mann–
Whitney U test or Kruskal–Wallis test were used to identify
significant differences between groups with different treatment
regimens or different GTs. P-values ,0.05 were considered
as statistically significant. Statistical analyses were performed
using SPSS version 22 (SPSS Inc., Chicago, IL, USA).
Data were prospectively collected in our institutional
transplant database and retrospectively analyzed. Patients
signed informed consent for recording and analyzing of data
and agreed to the forwarding or publishing of data in a pseudoor anonymized way. This research was approved by the local
ethics committee of Rhineland-Palatinate and was conducted
according to the ethical guidelines of the Declaration of
Helsinki 1975 and Good Clinical Practice guidelines.

Results
Baseline characteristics
Most patients (72%, n=113) were pretreated with IFN-based
HCV-therapy: 49.6% once, 30.9% twice, and 19.5% thrice or
more. In total, only 23.9% reached SVR with PEG-IFN and
RBV (GT1: 15%, GT2: 57.1%, GT3: 64.7%). Twenty-seven
patients completed IFN therapy successfully, 72 died, 10
were lost to follow-up, and in 11 patients DAA therapy will
be finished after the observation period (Figure 1).

Survival under IFN-based therapy
Survival of HCV-positive LT patients (n=157) under IFNbased therapy was significantly worse compared to patients
transplanted for other liver diseases (P=0.04, Figure 2A);
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Anemia was defined as hemoglobin (Hb) levels ,13.5 g/dL
and ,12.0 g/dL for male and female patients, respectively,
according to our laboratory reference ranges and the clinical
routine. All clinical chemical parameters were measured by the
Central Laboratory of Mainz University Medical Center.
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Figure 2 Survival of patients after liver transplantation with or without HCV (A) and GT1 vs non-GT1 (B).
Abbreviations: HCV, hepatitis C virus; OLT, orthotopic liver transplantation; GT, genotype.

Drug Design, Development and Therapy 2017:11

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

2133

Dovepress

n=37
73.0% (n=27)
59.8 years (57.1–66.2)
4.9 years (1.1–7.9)

DCV
3D
Duration of treatment
12 weeks
24 weeks
Stage of fibrosis
From no to mild (#F2)
Severe ($F3)
MELD score
HCV-RNA
Bilirubin
Hemoglobin
ALT
AST
γGT
Albumin
Ferritin
Creatinine

21.6% (n=8)
2.7% (n=1)

The biochemical response to DAA therapy is shown in
Figure 4. In particular, the serum activities for ALT (44.5–21.5
IU/L), aspartate aminotransferase (AST; 45.0–30.0 IU/L),
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8.1% (n=3)
51.4% (n=24)
97.3% (n=36)
5.4% (n=2)
45.9% (n=17)

62.2% (n=23)
37.8% (n=14)
86.5% (n=32)
13.5% (n=5)
8 (7–11)
2.2×106 lU/mL (1.0×106 to 5.5×106)
0.78 mg/dL (0.63–1.02)
13.7 g/dL (11.8–15.0)
44.0 IU/mL (32.0–71.8)
45.0 IU/mL (26.0–69.0)
90.0 IU/mL (45.5–193.3)
38.0 g/L (33.5–42.5)
148.5 µg/dL (60.0–620.5)
1.03 mg/dL (0.94–1.42)

ZHHNV
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Biochemical response

67.6% (n=25)
5.4% (n=2)
21.6% (n=8)
2.7% (n=1)
2.7% (n=1)

Abbreviations: OLT, orthotopic liver transplantation; HCV, hepatitis C virus; IFN,
interferon; RBV, ribavirin; SOF, sofosbuvir; SMV, simeprevir; LDV, ledipasvir; DCV,
daclatasvir; 3D, paritaprevir/ritonavir with ombitasvir and dasabuvir; MELD, model
for end-stage liver disease; RNA, ribonucleic acid; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; γ-GT, gamma-glutamyl transferase.
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In total, 94.6% (n=35) reached SVR by DAA therapy. In detail,
96% of GT1, 100% of GT2, 87.5% of GT3, 100% of GT4/5
patients had no detectable HCV-RNA 12 weeks after EoT, and
did not show any significant differences (P=0.932). Patients
treated with or without RBV (89.5% vs 100%, P=0.619) and
patients treated for 12 or 24 weeks (95.7% vs 95.9%, P=0.889)
showed similar SVR rates without any significant differences.

Sample size
Male
Age
Time since OLT
HCV genotype
1
2
3
4
5
Treatment regimen
IFN
RBV
SOF
SMV
LDV

/'

Virological response

Overall

/'

Patients eligible for DAA therapy were identified (Figure 1).
In total, 37 recipients started a DAA-based therapy in 2014
and 2015. Only nine patients were therapy naïve but the majority (n=28) failed previous treatment with PEG-IFN and RBV.
The median age of the 37 patients treated with DAAs was 59.8
years (57–66), 73% were male, 13.5% showed severe fibrosis
or cirrhosis, and the median MELD (model for end-stage liver
disease) score was 8 (7–11). Antiviral DAA-based therapy
was initiated at a median value of 4.9 years (1.1–7.9) after LT.
Genotypes were distributed as follows: 67.6% were infected
with HCV GT1, 5.4% with GT2, 21.6% with GT3, 2.7% with
GT4, and 2.7% with GT5. Detailed baseline characteristics
and key laboratory values are presented in Table 1.
Of the 37 DAA-treated patients, 36 received SOF,
17 ledipasvir (LDV), eight daclatasvir, two simeprevir,
and one 3D regimen with paritaprevir/ritonavir/ombitasvir
and dasabuvir. Three patients were treated in combination
with IFN and 20 patients received RBV. Detailed treatment
regimens are shown in Figure 3. The treatment duration was
12 weeks (23 patients, 62.2%) or 24 weeks (14 patients,
37.8%). Genotypes were distributed as expected for
Germany (GT1: 67.6%; non-GT1: 32.4%).

Characteristics

)

DAA regimens

Table 1 Patient demographics at baseline (quantitative data are
given as medians and interquartile range in parentheses)

)

72 of the 157 HCV-positive patients (45.9%) died during
follow-up. In 37 cases, death was caused by HCV-induced
recurrent cirrhosis (n=23) or recurrent HCC (n=14).
Almost three-quarters (72.6%, n=114) of all the 157
HCV-infected patients showed GT1, 36 (22.9%) showed
GT other than 1, and in seven patients (4.5%) a GT was
not available. Detailed analysis revealed that survival was
significantly worse in individuals infected with HCV GT1
(n=114) than in those infected with other HCV GTs (n=36,
P=0.01, Figure 2B).
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Figure 3 Therapeutic regimens sorted by treatment duration.
Abbreviations: SOF, sofosbuvir; LDV, ledipasvir; RBV, ribavirin; SMV, simeprevir;
DAA, direct-acting antiviral; DCV, daclatasvir; IFN, interferon; 3D, paritaprevir/
ritonavir with ombitasvir and dasabuvir.
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Figure 4 Biochemical response to DAA therapy. The activities of ALT (A), AST (B), γ-GT (C), and the serum levels of total bilirubin (D) declined within the observation
period.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; DAA, direct-acting antiviral; γ-GT, gamma-glutamyl transferase; EoT, end of treatment;
SVR12, sustained virological response 12 weeks after EoT.

and gamma-glutamyl transferase (γ-GT; 88.0–31.5 IU/L)
declined significantly from baseline to SVR12 (P,0.001).
Liver function tests were normal during DAA therapy.
Total bilirubin decreased within the reference range from
0.78 mg/dL to 0.72 mg/dL, without any statistical significance (P=0.121). Albumin and Hb levels did not show any
significant changes during the observation period (P=0.715
and P=0.736, respectively) but the values were within normal
ranges at every time point.

Drug Design, Development and Therapy 2017:11

Side effects
Side effects, especially RBV-induced anemia, are a relevant
problem after LT. Anemia was common in our cohort
(32.4%, n=12). Analysis of anemic patients showed that in the
majority (83.3%, n=10) of cases, anemia was caused by RBV.
From week 0 to EoT, the Hb level fell by a median value of
1.7 mg/dL, but not ,9.5 mg/dL at any time point. No erythropoietin or transfusions were required. No acute rejection
episode occurred during the observation period. Recipients
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suffered from mild fatigue (27%, n=10) and gastrointestinal
disorders, especially mild nausea (27%, n=10).
One patient with stage 3 renal failure had to discontinue
DAA treatment with SOF and LDV, because of increasing
creatinine values at week 17, from planned 24 weeks of
therapy. Nevertheless, this patient reached SVR12.
After DAA treatment, only one patient died from rapid
extrahepatic HCC recurrence with multiple metastases.
Thus, a survey of survival is not possible at the moment
because long-term follow-up data for DAA-treated patients
is missing.

Discussion
HCV recurrence after LT is a major problem as it accelerates
liver damage, and a significant proportion of patients develop
recurrent cirrhosis within a few years after LT.5,27,28 Therefore, HCV-infected recipients urgently need antiviral therapy,
especially in case of advanced fibrosis or cirrhosis.
In accordance with previous findings, we show that
overall survival after LT is significantly worse in HCVpositive individuals.29 Moreover, patients with HCV GT1
have a significantly worse survival when compared to other
HCV genotypes. Reasons for this finding are the different
SVR rates by IFN therapy in GT1 vs GT2 and GT3 patients
(15% vs 57.1% and 64.7%). GT is one of the most important
predictors of a successful therapy. Many of our patients had
no therapeutic option after the first or second inefficient IFN
treatment until the approval of DAAs.
Nowadays, SVR rates with DAA-containing regimens
are promising and will lead to a significant reduction in
morbidity and mortality before and after LT, but long-term
follow-up data are missing.30
In our previous hard-to-treat cohort, total SVR rate was
94.6%. This is an impressive rate in a real-world post-LT
cohort, especially in contrast to IFN-based regimens, where
only 23.9% (27/113) pretreated LT recipients in our center
achieved SVR with the combination therapy of PEG-IFN and
RBV. Under DAA therapy, there were only two patients with
relapse (one patient with GT1 and one patient with GT3).
Both patients were male, one (GT3) suffered from rapid
extrahepatic HCC recurrence with multiple metastases and
died a few weeks after EoT. The second patient (GT1) failed
five former IFN-based therapies and will receive another
DAA regimen after resistance testing. Our data are in accordance with the results from clinical trials in the pre- and
post-LT setting.31–34
Other studies in non-transplant patients have found that
the response to previous IFN therapies and GT remain the
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most important predictive factors of SVR.35–37 Remarkably,
patients who previously failed HCV therapy attained very
high SVR rates (27/28 patients, 96.4%) by DAA treatment.
New DAA regimens cured pretreated HCV-infected LT
recipients, who were hard to treat in the past, and who had no
treatment options, with a high mortality. Thus, the response
and outcome of previous PEG-IFN therapy seems to be no
longer an important predictive factor under DAAs for the
outcome of antiviral retreatment, after prior treatment failure
in this cohort.35,36
The DAAs were highly effective in all genotypes. There
was no significant difference between GTs in this cohort
(P=0.932), possibly due to the limited number of GT3 patients
with advanced fibrosis or cirrhosis: 96% of GT1, 87.5% of
GT3, and all patients with GT2/4/5 reached SVR.
Therefore, all patients after LT should be treated immediately to prevent recurrent hepatitis C and fibrosis progression,
independent of previous IFN-based therapies or GT.
The liver enzymes (ALT, AST, and γ-GT) rapidly normalized under DAA treatment (P,0,001), providing evidence
for the improvement in chronic hepatic inflammation and
liver function.
Severe side effects were a frequent problem in HCV
treatment during IFN therapy, especially severe RBV-induced
anemia, with high rates of discontinuation.38,39 In our cohort,
there was also a high rate of anemia under DAA therapy,
since 10/12 patients developed anemia from RBV. In most
cases, anemia was mild to moderate without a need for
transfusions or therapy discontinuation. Hb levels declined
by a median value of 1.7 mg/dL and no patient showed
values below 9.5 mg/dL. Higher rates of anemia by addition of RBV were also found by other investigators.17 Main
side effects of new DAA treatment regimens in our real-life
cohort were fatigue and gastrointestinal disorders in up to
27% of patients, with mild severity. This is in line with data
from studies that report similar adverse events but partially
higher rates of anemia.32,40–43 One patient who discontinued
therapy presented with kidney failure and hepatic decompensation from recurrent cirrhosis in week 17 (from 24 weeks).
This patient had undetectable HCV-RNA during follow-up
and reached SVR12. Therefore, no patient failed SVR due
to adverse events. In our cohort, new DAA regimens were
highly effective, safe, and well tolerated by LT recipients.
Limitations of this study were the small number of
patients treated with DAAs, especially in non-GT1 infections,
and the monocentric design. Patients were treated according
to the recommendations on treatment of hepatitis C of the
EASL in the version of 2014 and 2015, but not to a defined
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protocol. Our data need to be confirmed by multicenter
studies with a high number of patients. Follow-up data after
DAA therapy are needed to investigate changes in morbidity
and mortality.

Conclusion
In conclusion, this real-world cohort of HCV-infected LT
recipients shows that therapy with new DAAs results in
high SVR rates. The new DAA regimens will allow us
to cure previously hard-to-treat LT patients with former
therapeutic nihilism. Our data provide evidence for high
efficacy and safety with low rates of side effects in the
complex setting after LT. The necessity of addition of RBV
in this cohort needs to be investigated by future studies. This
clinical real-world data confirms Phase III trials from the
non-transplant setting, demonstrating that DAA therapy is
highly effective and safe.
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