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Abstract
The goal of therapy in chronic hepatitis C virus (HCV) 
infection is sustained virological response (SVR) 
which reflects HCV eradication. Treatment against 
HCV has dramatically improved with the recent 
availability of direct-acting antivirals (DAAs) including 
sofosbuvir, simeprevir, daclatasvir, ledipasvir/sofosbuvir, 
paritaprevir/ombitasvir and dasabuvir. Carefully selected 
combinations of these DAAs offer the potential for 
highly effective all-oral safe regimens even for patients 
with decompensated cirrhosis or liver transplant 
(LT) recipients. Like all current protease inhibitors, 
simeprevir and paritaprevir should not be used in 
patients with Child C cirrhosis, while sofosbuvir and 
ledipasvir/sofosbuvir should not be given in patients 
with severe renal impairment and glomerular filtration 
rate less than 30 ml/min. Drug-drug interactions may 
still occur with the current DAAs particularly in post-
LT patients, in whom simeprevir should not be co-
administered with cyclosporine and dose adjustments 
of calcineurin inhibitors are required in case of 
regimens including the ritonavir boosted paritaprevir. 
Phase Ⅱ clinical trials and real life cohort studies have 
shown that sofosbuvir based combinations are safe and 
can achieve improvements of clinical status, high SVR 
rates and even prevention of post-LT HCV recurrence in 
patients with decompensated cirrhosis or LT-candidates. 
In the post-LT setting, sofosbuvir based regimens 
and the combination of paritaprevir/ombitasvir and 
dasabuvir have been reported to be safe and achieve 
high SVR rates, similar to those in non-transplant 



patients, being effective even in cases with cholestatic 
fibrosing hepatitis. Ongoing clinical trials and rapidly 
emerging real life data will further clarify the safety and 
efficacy of the new regimens in these settings.
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Core tip: Treatment against hepatitis C virus has 
dramatically improved with the novel direct-acting 
antivirals (DAAs). The currently available DAAs are 
sofosbuvir, simeprevir, daclatasvir, ledipasvir/sofosbuvir, 
paritaprevir/ombitasvir and dasabuvir. IFN-free 
combinations of these novel DAAs with or without 
ribavirin give excellent sustained virological response 
in patients with decompensated cirrhosis awaiting liver 
transplantation and those with recurrence of hepatitis 
C post liver transplantation. More data regarding the 
safety and efficacy of these new DAAs are needed, but 
ongoing clinical trials and real life data will clarify better 
these issues. 
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INTRODUCTION
Chronic hepatitis C (CHC) has infected approximately 
3% of the world population[1]. Patients with hepatitis 
C virus (HCV) infection can develop cirrhosis and 
hepatocellular carcinoma (HCC)[2,3], while CHC is 
considered the leading cause for liver transplantation 
(LT) in many Western countries[4]. The combination of 
pegylated interferon-α (pegIFN) and ribavirin (RBV) in 
patients with CHC had relatively low rates of sustained 
virological response (SVR)[5,6], but during the last years 
several direct acting antiviral agents (DAAs) have 
increased the efficacy of antiviral therapy[7]. 

The first approved DAAs (boceprevir and tela
previr) were associated with high rates of clinical 
complications, particularly among cirrhotic patients 
with serum albumin levels ≤ 3.5 g/dl and platelet 
counts ≤ 100000/mm3[8]. Very recently, newer DAAs 
have been licensed by the European Medicines Agency 
and Food and Drug Administration to be used mainly 
as part of IFN-free combinations offering high SVR 
rates (> 95%), short treatment duration and excellent 
safety profiles. These agents include sofosbuvir 
(Sovaldi, Gilead), the first nucleotide analogue NS5B 
polymerase inhibitor[9], simeprevir (Olysio, Janssen), a 
second-wave NS3/4A protease inhibitor (achieving SVR 

in 77%-92% of genotype 1 CHC patients, compared 
to 46% under pegIFN plus RBV)[10], daclatasvir 
(Dankliza, Bristol-Myers Squibb)[11], a NS5A inhibitor, 
the co-formulation of the NS5A inhibitor ledipasvir with 
sofosbuvir (Harvoni, Gilead)[12], the co-formulation 
of a ritonavir boosted NS3/4A protease inhibitor, 
paritaprevir, with the NS5A inhibitor ombitasvir 
(Viekirax, Abbvie) and dasabuvir (Exviera, Abbvie), a 
non-nucleos(t)ide NS5B polymerase inhibitor[13] (Table 
1). They are all given as one tablet daily, except for 
paritaprevir/ombitasvir (two tablets once daily) and 
dasabuvir (1 tablet twice daily). The purpose of this 
review is to summarize the recent findings concerning 
the use of the new IFN-free regimens in LT candidates 
or recipients with CHC.

Treatment of HCV LT candidates 
Post-transplant HCV recurrence is universal[14] and 
undetectable HCV RNA at the time of LT is crucial for 
prevention of HCV recurrence and graft loss[15]. At the 
same time, effective antiviral therapy could improve 
liver function resulting in some patients withdrawal 
from the transplant list, similarly to what has been 
observed in chronic hepatitis B patients on the list 
for LT. The severity of liver disease is evaluated with 
the MELD score or the Child-Pugh score classifying 
patients in class A (score 5-6), B (score 7-9) or C (score 
10-15) in relation to best (A), moderate (B), or worse 
(C) prognosis. However, there are currently rather few 
data to support such an approach, especially among 
HCV patients with advanced decompensated cirrhosis 
(Table 2). 

The availability of sofosbuvir started a bright era 
for treatment of HCV patients on the waiting list for 
LT. Data from studies in patients with decompensated 
cirrhosis exist only for sofosbuvir and ledipasvir/
sofosbuvir, while real life data from the use of the 
combinations of sofosbuvir with simeprevir or with 
daclatasvir were reported recently. Although more 
studies with DAAs are highly needed in patients 
with chronic liver impairment and LT candidates, the 
currently results are very promising and have led in 
wide use of these agents in this setting. 

In the first open label phase Ⅱ study[16], 61 LT 
candidates due to HCC with well compensated HCV 
cirrhosis (genotype 1-4, Child-Pugh score ≤ 7, MELD 
score < 15) commenced on sofosbuvir plus RBV (1000 
or 1200 mg/d). Among the 46 patients who received 
liver graft, 43 (93%) achieved HCV-RNA < 25 IU/mL at 
the time of liver transplantation. Of these 43 patients, 
30 (70%) achieved SVR at 12 wk post-LT, 10 (23%) 
had HCV recurrence and 3 (7%) died. Only one of the 
patients with continuously undetectable HCV-RNA for 
at least one month before LT had recurrence of HCV 
infection post-LT. Additionally, the tolerance profile was 
excellent, since only one patient developed severe 
anemia attributable to RBV administration.

A more recent randomized study[17] evaluated 25 
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genotype 1-4 CHC patients who received sofosbuvir 
plus RBV for 48 wk and 25 patients who were observed 
for 24 wk. All patients were cirrhotics and the Child-
Pugh score was up to 10 (80% were Child class A and 
20% Child class B/C). The virological response after 
3 mo of antiviral treatment was 97%. Interestingly, 
HCV RNA undetectability appeared to occur more 
rapidly in patients with Child class A, compared to 
those with Child class B (at week 2: 56% vs 44%; at 
week 4: 100% vs 75%). No treatment breakthroughs 
were recorded; dizziness and nausea were the 
most common adverse events, while low rates of 
discontinuation were observed due to adverse event. 
Episodes of ascites, as well as hepatic encephalopathy, 
declined substantially over time in treated patients. 

Gane et al[18] evaluated 20 patients with CHC 
genotype 1 and Child class B cirrhosis who received 
ledipasvir/sofovusvir co-formulation with or without 
RBV. So far, high SVR rate (89%) with good safety and 
tolerance and without treatment discontinuations has 
been reported. Finally, in a study by Flamm et al[19], 
the same combination of ledipasvir/sofosbuvir plus 

RBV (the latter starting from 600 mg/d) was given for 
12 or 24 wk in 108 treatment naive or experienced 
genotype 1 and 4 patients with decompensated 
cirrhosis Child class B (n = 55) or C (n = 53)[19]. All 
patients had no HCC, well preserved renal function 
(glomerular filtration rate > 40 ml/min) and total 
serum bilirubin < 10 mg/dL. The authors found that 
this combination was well tolerated resulting in high 
SVR rates irrespectively of duration of antiviral therapy 
(12 wk: 87%, 24 wk: 89%) and with similar efficacy 
between Child B and C patients (12 wk: 87% vs 86%, 
respectively; 24 wk: 89% vs 90%, respectively). Only 
4 (4%) patients had serious adverse events.

Guidance for the use of IFN-
free regimes in liver transplant 
candidates 
Achievement of undetectable HCV RNA can prevent 
HCV recurrence post LT. On the other hand, patients 
with portal hypertension and decompensated 
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Table 1  Main characteristics of the approved direct acting antivirals that are currently used in interferon-free regimens for the 
treatment of hepatitis C

DAA (commercial name), 
dose

Category Dose adjustment in liver or 
renal impairment

Antiviral 
activity

CNIs co-
administration

Co-administration should be avoided

Sofosbuvir 
(Sovaldi®), tablet 400 mg, 
once daily

NUC NS5B 
polymerase 

inhibitor

No change in hepatic 
impairment 

Contraindicatedin patients 
with GFR < 30 ml/min

Genotypes 1-6, 
 High genetic 

barrier

No change P-glycoprotein inducers (Anticonvulsants: 
carbamazepine, oxcarbazepine, 

phenobarbital, phenytoin; 
Antimycobacterials: rifampin, rifabutin, 
rifapentin; St. John’s wort; HIV drugs: 

Tipranavir/ritonavir)
Simeprevir 
(Olysio®), tablet 150 mg, 
once daily with food

NS3/4A protease 
inhibitor

Contraindicated in Child 
class C 

No change in renal 
impairment

Genotypes 1, 4, 
Low genetic 

barrier

Contraindicated 
with 

cyclosporine

Inhibitors or inducers of CYP3A4 
(Antifungals: fluconazole, itraconazole, 

ketoconazole, posaconazole, voriconazole; 
Antibiotics: clarithromycin, erythromycin, 
telithromycin; Dexamethasone; Cicapride; 

HIV drugs: cobicistat, efavirenz, 
delavirdine, etravirine, nevirapine, 

ritonavir and any HIV protease inhibitor)
P-glycoprotein inducers

Daclatasvir
(Daklinza®), tablet 60 mg, 
once daily

NS5A inhibitor No change in liver or renal 
impairment

Genotypes 
1,3,4, 

Low genetic 
barrier

No change Strong inducers of CYP3A4 and/or 
P-glycoprotein 

(e.g., phenytoin, carbamazepine, 
oxcarbazepine, phenobarbital, rifampicin, 

rifabutin, rifapentine, dexamethasone, 
St John’s wort; HIV drugs: darunavir, 

lopinavir, etravirine)
Ledipasvir/Sofosbuvir/
(Harvoni®), tablet 90/400 
mg, once daily

NUC NS5B 
polymerase 

inhibitor + NS5A 
Inhibitor

No change in hepatic 
impairment 

Contraindicated in patients 
with GFR < 30 ml/min

Genotypes 
1,3,4, 

High genetic 
barrier

No change P-glycoprotein inducers, rosuvastatin, 
simeprevir

Paritaprevir/Ritonavir/
Ombitasvir (Viekirax®), 
tablet 75/50/12.5 mg, x 2 
once daily with food

Ritonavir boosted 
NS3/4A protease 
inhibitor/NS5A 

inhibitor

No safety and efficacy 
data in Child class B, 

Contraindicated in Child 
class C 

No change in renal 
dysfunction

Genotypes 1, 4, 
 Genetic 
barrier 

depending on 
HCV genotype

Cyclosporine: 
20% of 

pretreatment 
total daily dose; 
tacrolimus: 0.2 
mg/72 h or 0.5 

mg once weekly

P-glycoprotein inducers, gemfibrozil, 
lovastatin, simvastatin, oral midazolam, 
triazolam, pimozide, ethinyl estradiol-

containing oral contraceptives, sildenafil 
for pulmonary hypertension 

Dasabuvir (Exviera®), 
tablet 250 mg, every 12 h

Non-NUC NS5B 
polymerase 

inhibitor

Genotype 1, 
 Low genetic 

barrier

NUC: nucleos(t)ide analogue; CNI: calcineurin inhibitor.
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before LT. According to reasonable clinical judgment, 
patients with chances of liver function improvement 
may be better treated and perhaps avoid the need 
for LT, but the treatment indication is debatable for 
patients who will need LT anyway. Since the latter two 
subgroups cannot be always differentiated, therapeutic 
decisions are often individualized. 

Treatment of HCV LT recipients
The efficacy of previous therapeutic options was 
rather limited in HCV LT recipients, but the availability 
of the current DAAs has opened a new era in the 
management of these patients. The optimal timing 
for onset of treatment with IFN-free regimens in LT 
recipients has not been determined, but even the 
current safe DAAs should be used very cautiously in 
the early post-transplant period due to the potentially 
unstable clinical and biochemical patients’ status, the 
possible surgical complications and the effect of heavy 
immunosuppression. Drug-drug interactions should 
be also taken into account when DAAs are going to be 
used by LT recipients who often receive several other 
medications. In particular for calcineurin inhibitors, 
there are no interactions with sofosbuvir, ledipasvir/
sofosbuvir and daclatasvir. Simeprevir should not 
be given in patients receiving cyclosporine, while 
the combination of ritonavir boosted paritaprevir/
ombitasvir increase the levels of both tacrolimus and 
cyclosporine which needs to be reduced to 0.5 mg 
weekly or 0.2 mg every 72 h for tacrolimus and to 
20% of the previous dose for cyclosporine (Table 1). 

Two studies have evaluated the use of sofosbuvir 
and RBV in LT recipients with CHC. Initially, sofosbuvir 
with RBV plus/minus PegIFN was given for 24-48 wk 
in 104 LT recipients with HCV fibrosing cholestatic 
hepatitis or decompensated cirrhosis within a 
compassionate use program[24]. Sofosbuvir plus RBV 
(without pegIFN) was given in 80 (77%) patients. 
Most of the patients had baseline decompensated 
liver disease with mean bilirubin 3.1 mg/dL and mean 
albumin 3.1 g/dL. At week 4, 54% of patients had 
HCV RNA < 25 IU/mL, while 54 (59%) of 92 patients 
achieved SVR. At the end of follow-up, the clinical 
condition (defined as liver function improvement and/

cirrhosis may not respond equally well with patients 
with less advanced disease perhaps due to hepatic 
changes that could affect the DAAs metabolism and 
pharmacokinetics. It should be noted that the rates 
of on-therapy virological responses increase more 
slowly and the final SVR rates are lower in patients 
with decompensated cirrhosis compared to those in 
patients with compensated cirrhosis included in the 
same studies[17,19,20]. 

Since not only liver but also renal impairment 
may be present in patients with decompensated 
cirrhosis and LT candidates, careful selection of 
DAAs is required. The agents for this setting should 
have unchanged pharmacokinetics irrespectively 
of liver and/or renal dysfunction. Sofosbuvir is cl
eared through the kidneys and therefore its phar
macokinetic is not affected by the presence of liver 
impairment[21]. No dose adjustment of sofosbuvir is 
required in patients with creatinine clearance ≥ 30 
ml/min, but the agent is officially contraindicated 
in patients with creatinine clearance < 30 ml/min 
or under hemodialysis[22]. Recent data suggest that 
sofosbuvir may have acceptable pharmacokinetic 
in the latter patient subgroup if it is given at a 
daily dose of 200 mg. Similarly to sofosbuvir, the 
combination of ledipasvir/sofosbuvir needs no dose 
adjustment in patients with any liver impairment or 
with glomerular filtration rate ≥ 30 ml/min, but it is 
also contraindicated in cases with glomerular filtration 
rate < 30 ml/min. Dose adjustment is not needed 
for any other agent in patients with any degree of 
liver or renal impairment. However, simeprevir and 
paritaprevir, as all existing NS3/4 protease inhibitors, 
are contraindicated in patients with severe liver 
impairment and Child class C cirrhosis mostly due to 
safety precautions[23] (Table 1). 

All above data indicate that several factors should 
be taken into account before the choice of IFN-
free regimens in the pre-LT setting. Safe combined 
regimens with high potency and high genetic barrier 
should be preferred to achieve rapid inhibition of HCV 
replication and eliminate the selection risk of resistant-
associated viral strains. Given the high efficacy of the 
new regimens even in LT recipients, a key question is 
whether all HCV LT candidates require antiviral therapy 
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Table 2  Studies of interferon-free regimens for treatment of hepatitis C virus positive liver transplant candidates

Ref. No. of patients Severity of liver disease based on CP score Antiviral scheme (duration) Virological response

Curry et al[16]   61 ≤ 7 SOF + RBV 
(for 48 wk or until LT)

69% (12 wk after LT)

Afdhal et al[17]   40   5-10 SOF + RBV 
(48 wk)

100% and 93% for Child class A and B, 
respectively at 24 wk under treatment

Gane et al[18]   20 7-9 SOF + Ledipasvir ± RBV
(12 wk)

89% 

Flamm et al[19] 108 Decompensated cirrhosis 
(CP score range: 7-12)

Ledipasvir/SOF + RBV
(12 or 24 wk)

87% and 89% 
(for 12 and 24 wk, respectively)

CP: Child-Pugh; SOF: Sofosbuvir; RBV: Ribavirin.
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or reduction of decompensation episodes) improved 
in 59 (57%) and remained stable in 23 (22%) cases. 
Serious adverse events including ascites, diabetes, 
neutropenia, hemophagocytic syndrome and bone 
marrow aplasia, which were usually not related to the 
study drugs, were noted in 5% of patients and resulted 
in early treatment discontinuation in 6 patients. 
Similarly encouraging were reported in two patients 
with fibrosing cholestatic hepatitis (with genotype 
4 and 1a, respectively)[25,26] who were successfully 
treated with sofosbuvir plus RBV. 

In the second open-label study[27], 40 liver 
transplant recipients with HCV recurrence of any 
genotype were enrolled 24 wk after LT. Forty 
percent of the patients had cirrhosis, but none liver 
decompensation. They were all treated for up to 6 mo 
with sofosbuvir plus RBV (the latter starting from 400 
mg per day). All patients achieved undetectable HCV-
RNA by week 4 under treatment, while the SVR rate 4 
wk after the end of antiviral therapy was 77% (27/35). 
No graft dysfunction was recorded and no adjustments 
of immunosuppressive regimen were needed. Serious 
adverse events occurred in 15% of patients but they 
were all unrelated to the study drug. Common side 
events included fatigue, arthralgia, diarrhea and mild 
to moderate anemia and occurred in 18% of patients.

The combinations of sofosbuvir with other DAAs 
have shown excellent SVR rates without serious 

adverse effects in LT recipients, including prior difficult 
to treat subgroups such as patients with genotype 
1, cirrhosis, previous intolerance or non-response 
to IFN therapy. The combination of sofosbuvir with 
simeprevir plus/minus RBV given for 3 mo showed 
high efficacy in 55 LT recipients with HCV recurrence 
(advanced fibrosis or cirrhosis: 29%, cholestatic 
hepatitis: 11%). SVR was observed in 96% of patients 
with mild to moderate fibrosis and 76% of patients 
with advanced fibrosis or cirrhosis[28]. Similarly, 90% 
SVR was observed in the multicenter HCV-TARGET 
study[29], in which 143 genotype 1-3 LT recipients 
received sofosbuvir plus simeprevir with or without 
RBV (60% had cirrhosis, 14% had MELD score > 10 
and 9% failure to regimens with a first-generation 
protease inhibitor). SVR rate was higher in patients 
without cirrhosis (94% vs 86%), with MELD score 
< 10 (92% vs 77%) or with genotype 1b (95% vs 
83%). In both studies, only mild to moderate adverse 
events including fatigue, anemia and headache were 
recorded[28,29]. Finally, sofosbuvir combination with 
simeprevir with or without RBV have shown good on 
treatment safety and efficacy in series or small cohort 
studies, but most of them lack SVR data yet[30-38] (Table 
3). 

 The effectiveness of ledipasvir with sofosbuvir plus 
RBV for 12 or 24 wk was assessed in 223 recipients 
with HCV genotype 1 or 4. Of these patients, 111 
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Table 3  Studies of sofosbuvir plus simeprevir with or without ribavirin in recipients with hepatitis C recurrence after liver 
transplantation

Ref. No. of patients Patient characteristics Antiviral Scheme, (duration) On treatment virological 
response (%)

SVR (%)

Pungpapong et al[28]   55 Fibrosis 3-4: 29%, 
Decompensated cirrhosis: 4%, 

Cholestatic recurrence: 15%

SOF + SMV ± RBV
(12 wk) 98 (EOT) 91

Brown et al[29] 143 Cirrhosis: 60%, 
MELD score > 10: 14%

Previous DAA failure: 9%

SOF + SMV ± RBV
 (12-24 wk) - 90

Satokar et al[30]   59 Fibrosis F3/F4: 51%,
Treatment experience: 71%

SOF + SMV
SOF + SMV + RBV

SOF + RBV

62 
50 

43 (4 wk)

-

Gordon et al[31]   17 Fibrosis: range: 0-4 SOF + SMV
(12 wk)

100 (EOT) -

Gutierrez et al[32]   32 - SOF + SMV ± RBV
(12 wk)

93 (EOT) -

Punzalan et al[37]   10 Median Fibrosis: 2.5,
Treatment experience: 40%

SOF + SMV ± RBV
(12 wk)

100 (EOT) 100

Lutchman et al[33]   41 Treatment experience: 56% SOF + SMV or
SOF + RBV
(12-24 wk)

100 (8 wk) -

Nair et al[34]   22 All patients with fibrosis ≥ 3 or 
decompensated cirrhosis

SOF + SMV ± RBV
(12 wk)

100 (EOT) -

Ripper et al[35]   25 Treatment experience: 64% SOF + SMV ± RBV
(12 wk)

100 (8 wk) 75

O'Dell et al[38]   16 - SOF + SMV ± RBV 100 EOT 100 

Alsabbagh et al[36]   17 Fibrosis F3-4: 40%, 
Treatment experience: 41%

SOF + SMV (n = 11)
SOF + RBV (n = 6)

(24 wk)
100 (4 wk) -

EOT: end of treatment; CTP: Child-Pugh score; DAA: Direct acting antiviral.
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were non-cirrhotics, while 51, 52 and 9 cases had 
Child class A, B, and C cirrhosis, respectively. SVR 
rates were higher in non-cirrhotics (96%-98%) and 
patients with Child class A cirrhosis (96%) compared 
to patients with Child class B (83%-85%) or Child 
class C cirrhosis (60%-67%). However, there was no 
significant difference between the 12-wk and 24-wk 
treatment arms in each patient subgroup[20]. Similarly, 
the combination of sofosbuvir plus daclatasvir with 
or without RBV showed good safety and efficacy in 
LT recipients with advanced liver disease or severe 
fibrosing cholestatic recurrence from HCV genotype 1-4 
in small cohort studies[39,40] (Table 4).

In a phase Ⅱ study, the combination of parita
previr/ombitasvir plus dasabuvir plus RBV given for 
24 wk was evaluated in 34 LT recipients with CHC 
genotype 1 and mild to moderate fibrosis (11% with 
cholestatic recurrence). All but one patient (97%) 
achieved SVR. Immunosuppression dosing was 
easily manageable over the study period by reducing 
cyclosporine at 20% of the pretreatment total daily 
dose and tacrolimus at 0.5 mg once weekly. No graft 
loss or episode of rejection was recorded with these 
modifications. In addition, the regimen was generally 
well tolerated with only one patient discontinuing the 
study due to skin rash and anxiety. 

CONCLUSION
The recent progress in the management of CHC has 
been outstanding with the benefits being particularly 
evident in the treatment of patients with advanced 
disease[41]. In contrast to the pre-DAAs era, both 
LT candidates and recipients can now be safely and 
effectively treated (Table 5). Although the high cost 

of the available DAAs raises discussions and public 
health debates about their priorities and optimal use 
worldwide, there is no controversy on the use of the 
IFN-free regimens in LT candidates and recipients. The 
most important remaining clinical dilemma remains 
the need for therapeutic intervention in LT candidates 
with very advanced liver disease, mostly Child class 
C cirrhosis. Given the possible complications and the 
frequent use of other medications, the therapeutic 
regimens should be carefully selected in this setting. 
HCV genotype, liver and renal function and co-
medications should be always taken into account. 
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FCH: fibrosing cholestatic hepatitis.
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SOF: sofosbuvir; RBV: ribavirin.  
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