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ABSTRACT 

Although chronic infection with hepatitis C virus (HCV) is the leading indication for liver transplantation in the United 

States, graft and patient survival rates are reduced due to HCV recurrence after transplant. Interferon-based antiviral 

treatment administered either prior to or after transplant to prevent or treat HCV recurrence, respectively, is limited 

due to poor tolerability and low efficacy. However, the treatment of HCV in the transplant setting is changing 

considerably with the availability of newer direct-acting antivirals and interferon-free regimens. This article will review 

the experience to date treating HCV in the setting of cirrhosis and LT and will discuss the unique challenges encountered 

when treating this population. 
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Chronic infection with hepatitis C virus (HCV) affects an estimated 170 million individuals worldwide and is a 

leading cause of end stage liver disease and hepatocellular carcinoma (HCC)(1). HCV is the most common indication for 

liver transplantation (LT) in the United States(2). Due to HCV recurrence in the transplanted liver, overall risk of graft loss 

is approximately 30% lower in HCV-infected LT recipients compared to HCV-uninfected LT recipients(3). The clinical 

course of chronic HCV is accelerated post-LT, and 32-51% of patients develop ≥F2 fibrosis (on a scale of 4) within five 

years of LT(4). In addition, 2-9% of patients develop rapidly progressive severe recurrent HCV (cholestatic variant) within 

the first year of LT(5). Thus, the timeline for intervention to prevent graft loss is limited for many patients. The goals of 

HCV therapy in the transplant setting are to prevent liver-related complications and graft loss due to recurrent HCV, and 

natural history studies have established that post-LT outcomes are improved if HCV is successfully eradicated with 

antiviral therapy(6). 

The discovery of potent, well-tolerated oral direct-acting antivirals (DAAs) has led to dramatic and rapidly 

evolving changes in the treatment of HCV. The first two NS3/4A protease inhibitors (PIs), telaprevir and boceprevir, were 

approved by the US Food and Drug Administration (FDA) in 2011 for use in combination with peginterferon (PEG-IFN) 

and ribavirin (RBV) to treat chronic HCV genotype 1 (Table 1). Simeprevir, a second wave PI, was approved for use in 

combination with PEG-IFN and RBV for genotype 1 disease by the FDA in November 2013, and by the European 

Commission (EC) for genotypes 1 and 4 in May 2014 and mostly recently, in November 2014 for use in combination with 

sofosbuvir in genotype 1. In December 2013, the FDA approved the first nucleotide NS5B polymerase inhibitor, 

sofosbuvir, which has pan-genotypic activity; sofosbuvir was approved by the EC in January 2014 and is also approved 

for use in Canada, Australia, New Zealand, Egypt, Switzerland, and Turkey. In July 2014, the Japanese Ministry of Health 

Labor and Welfare approved daclatasvir, a pan-genotypic NS5A replication complex inhibitor, and asunaprevir, a PI, for 

genotype 1b disease. Daclatasvir was approved by the EC in August 2014. Finally, the fixed-dose combination of 

ledipasvir, an NS5A inhibitor, and sofosbuvir was approved by the FDA and Health Canada in October 2014 and was 

approved in New Zealand and by the EC in November 2014. With the availability of these and future DAAs, the era of 

interferon-based HCV treatment is coming to an end. While this is a welcome development for all patients with chronic 
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HCV, the combination DAA therapy will have a profound and immediate impact on the success of antiviral treatment in 

the HCV-infected LT population. 

Two treatment strategies are currently employed in the management of HCV in the transplant setting. The first 

treats wait-listed patients with the aim of achieving viral clearance on treatment in order to prevent recurrent infection 

of the graft post-LT. The second, and until now more commonly used strategy, treats patients post-LT who have 

progressive or severe disease with the aim of achieving a sustained virologic response (SVR). Achievement of virologic 

response, either prior to or after transplant, was difficult to accomplish with dual therapy of PEG-IFN and RBV due to the 

poor tolerability and low efficacy. Although addition of the first DAAs, telaprevir and boceprevir, improved rates of 

response, tolerability remained a major barrier. The availability of DAA combinations that eliminate PEG-IFN provide a 

major improvement in tolerability and applicability of therapy in these settings and elimination of ribavirin can be 

anticipated to additionally improve tolerability.  Furthermore, a third strategy may emerge: treating patients with 

decompensated cirrhosis with the goal of achieving SVR in the hopes of avoiding LT.  

PRE-TRANSPLANT ANTIVIRAL THERAPY IN COMPENSATED CIRRHOSIS 

Pre-transplant treatment to achieve SVR 

Achievement of SVR prior to LT will prevent HCV recurrence post-LT(7, 8). However, this requires a full 

treatment course, which until recently was a full 48 weeks of PEG-IFN-based treatment. Interferon-free options are 

currently available for patients with compensated cirrhosis, even with genotype 1 disease (Tables 2, 3). With the current 

DAA regimens, a full treatment course can be a short as 3 months, depending on regimen and genotype, making 

treatment with SVR intent a more reasonable option for wait-listed patients with compensated cirrhosis, such as 

patients with HCC.  

Although sofosbuvir and weight-based RBV is effective across genotypes, treatment duration and efficacy vary.  

For genotype 2, SVR is high with 12 weeks of treatment even if cirrhosis is present. However, limited data among 
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cirrhotic treatment-experienced genotype 2 patients suggest improved SVR with extension to 16 weeks of treatment(9).  

For genotype 3, the recommended treatment duration of sofosbuvir and RBV is 24 weeks. Although this yields relatively 

high SVR (approximately 90%) in most patients, SVR is lower among treatment-experienced cirrhotic patients (60%).  

More effective all-oral DAA regimens are therefore still needed in this population.  

At present, patients with genotype 1 have three options for interferon-free treatment. Dual therapy with 

sofosbuvir and RBV for 24 weeks is FDA approved for genotype 1 patients who are PEG-IFN-ineligible(10). Among 

treatment-naïve patients, this regimen yields 50-84% SVR rates (overall 72%). However, there are limited data on 

efficacy among patients with cirrhosis and treatment experience. Response is predicted to be lower than in treatment-

naïve patients. Until recently, a favored option for many providers has been the the FDA off-label but AASLD-IDSA 

endorsed combination of simeprevir and sofosbuvir, with or without RBV, for 12 weeks(11). Twelve and 24 week 

therapy of simeprevir and sofosbuvir with or without RBV among patients with compensated METAVIR F3-F4 disease 

yields SVR rates of 93% and 96%, respectively  (12). Response rates are high even in patients with cirrhosis and prior null 

response to interferon-based treatment. Relapse is highest in patients with genotype 1a. However, the safety of 

simeprevir has not been evaluated in patients with decompensated cirrhosis (Child-Pugh B and C), and therefore its pre-

LT use is limited to patients with compensated disease such as those with HCC. Twelve weeks of treatment with the 

most recently FDA-approved combination of ledipasvir-sofosbuvir yields 97% SVR among treatment-naïve compensated 

cirrhotics(13). For treatment-experienced patients with compensated cirrhosis treated with ledipasvir-sofosbuvir, SVR is 

86% and 100% with 12 and 24 weeks, respectively (13, 14). Therefore, the FDA-approved duration of ledipasvir-

sofosbuvir is 12 weeks for treatment-naïve cirrhotics and 24 weeks for treatment-experienced cirrhotics. 

Additional DAAs in development appear to have excellent efficacy among patients with compensated cirrhosis 

(Tables 2,3). The largest trial among cirrhotics examined the efficacy of the combination of ritonavir-boosted 

paritaprevir/ritonavir (NS3/4A PI), ombitasvir (NS5A inhibitor), dasabuvir (nonnucleoside NS5B polymerase inhibitor), 

and RBV among 380 HCV genotype 1 patients with compensated cirrhosis, the majority of whom were treatment 
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experienced(15). SVR12 rates for 12 and 24 week treatment durations were 92% and 96%, respectively, and were 

highest in the patients with genotype 1b.  

 

Pre-transplant treatment to prevent HCV recurrence 

A treatment course aimed at achieving an undetectable HCV RNA on-treatment and at the time of transplant 

(rather than SVR) can also significantly reduce, although not completely eliminate, the risk of post-LT HCV recurrence (7, 

8, 16-20). Duration of pre-LT antiviral therapy is important in predicting post-transplant virologic response (pTVR). In the 

A2ALL cohort study, 44 patients were randomized to and received a low accelerating dose regimen (LADR) of PEG-IFN 

and RBV prior to LT(18). At the time of transplant, 59% had undetectable HCV RNA, and 42% of these patients (25% of all 

patients) had pTVR.  Among patients with undetectable HCV RNA at LT who were treated for <8 weeks, 8-16 weeks, or 

>16 weeks, pTVR was achieved in 0%, 27%, and 78%, respectively (0%, 18%, and 50% overall). While this study did not 

directly evaluate duration of HCV RNA negativity as a predictor of pTVR, the findings suggest that the duration matters, 

although the optimal duration of negativity pre-LT that guarantees pTVR is not known and may differ for an interferon-

based vs interferon-free regimen. Interferon-based treatment pre-LT carries risk to the patient: compared to untreated 

controls, wait-listed patients treated with PEG-IFN and RBV are more likely to experience serious adverse events, 

including infection(18). The addition of telaprevir or boceprevir in combination with PEG-IFN and RBV leads to higher on-

treatment virologic response, even among patients with cirrhosis (21). However, the favorable on-treatment response is 

tempered by high rates of treatment-associated adverse effects, including severe anemia, serious infections, and hepatic 

decompensation(21, 22). Thus, the collective experience with the first generation PI-based triple therapy has 

demonstrated that while on-treatment response is improved, the risks among patients with advanced cirrhosis are 

unacceptably high when safer options are available. 

With the availability of the newer DAAs, PEG-IFN has no role in pre-LT antiviral therapy aimed to prevent post-LT 

HCV recurrence, especially when the goal is to achieve on-treatment virologic response, rather than SVR. In published 

Page 7 of 29

John Wiley & Sons, Inc.

Liver Transplantation

This article is protected by copyright. All rights reserved.



8 

 

reports of daily sofosbuvir with weight-based RBV, on-treatment virologic responses are nearly universal, regardless of 

genotype(9, 23, 24). For genotype 1 patients, on-treatment virologic response is also high with the combination of 

simeprevir and sofosbuvir, with or without RBV, and with ledipasvir-sofosbuvir, even among patients with cirrhosis and 

prior treatment response(12).  

Efficacy and safety data for pre-LT dual therapy with sofosbuvir and RBV exist but are limited. A phase 2 pilot 

study treated 61 patients listed for LT with HCV genotype 1-4 and MELD exception points for HCC with daily sofosbuvir 

and weight-based RBV(25). This patient population was selected because they had relatively preserved synthetic 

function with baseline Child-Pugh score was ≤8 in all patients and 73% were Child-Pugh A. The majority were treatment-

experienced. Among the 43 who remained on treatment and had HCV RNA less than the lower limit of quantification at 

the time of transplant (93%), pTVR was achieved in 70% of patients who were undetectable at the time of LT. In this 

pilot study, duration of treatment was not significantly associated with HCV recurrence, but duration of continuously 

undetectable HCV RNA was: among 26 patients with continuously undetected HCV RNA for at least 30 days, only 1 

recurred post-transplant. Treatment in this group was well tolerated, with a similar safety profile as observed in the 

Phase 3 clinical trials. Based on these results, dual therapy with sofosbuvir and RBV is FDA-approved for patients with 

HCC awaiting LT and available data support aiming for at least 4 weeks of HCV RNA negativity prior to treatment in order 

to achieve pTVR(10).   

 

PRE-TRANSPLANT ANTIVIRAL THERAPY IN DECOMPENSATED CIRRHOSIS 

Pre-transplant treatment to achieve SVR 

While a primary goal of antiviral treatment to achieve SVR among wait-listed patients with decompensated 

cirrhosis is to prevent post-LT HCV recurrence, it is possible that HCV eradication will prevent the need for LT in some 

patients. Histologic regression of HCV cirrhosis has been demonstrated in a small number of patients with compensated 
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cirrhosis who achieved SVR with PEG-IFN-based treatment(26, 27). Numerous studies have also shown improved clinical 

outcomes among patients with compensated cirrhosis who achieve SVR, including an increase in LT-free survival and a 

decrease in hepatic decompensation, HCC, liver-related mortality, and all-cause mortality(27-32). Although the impact of 

antiviral therapy on the natural history of decompensated HCV cirrhosis is less clear, as this patient population has had 

limited treatment options, a study of 75 HCV patients with decompensated cirrhosis treated with PEG-IFN and RBV 

demonstrated significantly lower rates of further decompensation events and hospitalizations(33). However, interferon-

based therapy is contraindicated in the setting of decompensated disease due to the increased risk of adverse events 

including serious infection, worsened liver failure, and death(22, 34). 

While it will undoubtedly be tempting to use interferon-free regimens among decompensated cirrhotics, it is 

important to note that published clinical trials exclude patients with evidence of decompensation. The safety and 

efficacy of simeprevir has not been studied in patients with Child-Pugh B or C and therefore should be avoided in these 

patients, as it is unclear how hepatic impairment affects drug metabolism(35). In contrast, safety data for use of 

sofosbuvir and ribavirin as well as sofosbuvir-ledipasvir in patients with decompensated cirrhosis exists, and treatment 

appears to be well tolerated despite in patients with advanced disease (36, 37, 39). 

SVR data for dual therapy of sofosbuvir and ribavirin in pre-LT patients with decompensated cirrhosis are 

lacking. Treatment response to ledipasvir-sofosbuvir without RBV has been studied among a small number of genotype 1 

patients with decompensated cirrhosis and is lower than reported rates in compensated cirrhotics(38). Among 20 

patients with Child Pugh B cirrhosis, 13 (65%) achieved SVR12 after 12 weeks of treatment and 7 relapsed. None of the 

participants discontinued treatment due to adverse events. Ledipasvir-sofosbuvir with RBV (escalating doses starting at 

600 mg/day) was evaluated in a larger study of 59 patients with Child Pugh B cirrhosis and 49 patients with Child Pugh C 

cirrhosis(39). Overall, SVR12 was achieved in 45/52 (87%) of patients treated for 12 weeks and 42/47 (89%) of patients 

treated for 24 weeks (Figure 1). Serious treatment-related adverse events were rare. Treatment was discontinued early 

due to adverse events in 3 patients, and 6 patients died (4 septic shock, 1 renal failure, 1 cardiac arrest). Six patients 
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underwent transplant during the study period and were not included in the analysis: one patient died 2 weeks after 

transplant and 5 continued to have undetected HCV RNA at the time that preliminary results were presented. 

 

Pre-transplant treatment to prevent HCV recurrence 

Available data suggest that sofosbuvir and RBV dual therapy is effective at achieving on-treatment virologic 

response and is well-tolerated in patients with decompensated cirrhosis. Among 25 patients with genotype 1-4 HCV 

compensated (Child-Pugh A) or decompensated (Child-Pugh B) cirrhosis and portal hypertension who received 

sofosbuvir and RBV, all except one decompensated patient had an undetectable HCV RNA level by week 8 of treatment 

(Figure 2) (37). All patients had a hepatic venous pressure gradient (HVPG) >6 mmHg, and most (78%) had a HVPG >12 

mmHg. The majority of patients were genotype 1, treatment experienced, and decompensated. Importantly, only one 

patient discontinued treatment due to an adverse event (periorbital rash). None of the treated patients developed new 

or worsening decompensation, and improvements in ascites and hepatic encephalopathy were observed. Further 

experience with sofosbuvir in the setting of decompensated cirrhosis has also been gained in the compassionate use 

program for patients with severe recurrent HCV after LT, as well be described later in this review. On-treatment virologic 

response is also high in patients with genotype 1 and 4 decompensated cirrhosis treated with ledipasvir-sofosbuvir and 

RBV.  

Taken together, while data are limited, treatment with sofosbuvir and RBV dual therapy or ledipasvir-sofosbuvir 

and RBV is generally safe and well tolerated in patients with decompensated cirrhosis. Our practice has been to initiate 

treatment among patients with relatively predictable waiting list times, typically patients with MELD exception points for 

HCC or patients with living donors, approximately 3 months before anticipated or planned surgery with the goal of 

achieving undetectable HCV RNA for at least 4 weeks before LT. The optimal or minimal dose of RBV needed to support 

achievement of an on-treatment response is unknown and side effects related to RBV, especially in decompensated 

patients with baseline anemia and/or renal dysfunction, may limit tolerability of the dual therapy regimen. Initiation of 
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RBV at a dose of 600 mg daily (rather than usual 1000-1200 mg daily) and adjusting based on hemoglobin levels, may be 

a safer treatment approach in these patients.  

 

SUMMARY OF PRE-TRANSPLANT ANTIVIRAL THERAPY  

●Consider anMviral treatment to achieve SVR in paMents with well-compensated cirrhosis (such as patients with HCC) 

and a high likelihood of SVR based on genotype and prior treatment experience. 

●In most paMents with decompensated cirrhosis, the goals of pre-LT antiviral therapy are to achieve and maintain on-

treatment undetectable HCV RNA up to the time of LT in order to achieve pTVR. 

●DuraMon of on-treatment undetectable HCV RNA pre-LT is an important predictor of pTVR. 

●Interferon-based treatment should be avoided in pre-LT patients with decompensated cirrhosis due to the risk of 

serious adverse events and infection. 

●Simeprevir has not been studied in paMents with decompensated cirrhosis. 

●Sofosbuvir and RBV dual therapy and ledipasvir-sofosbuvir with RBV triple therapy appear to be generally safe in 

patients with decompensated cirrhosis. Treatment aimed at preventing post-LT recurrence should be started 

approximately 3 months before anticipated surgery with the goal of achieving undetectable HCV RNA for ≥4 weeks pre-

LT. Start with low dose of RBV and adjust based on response and anemia. 

 

POST-TRANSPLANT ANTIVIRAL THERAPY IN COMPENSATED CIRRHOSIS 

 Prior treatment guidelines recommended antiviral therapy in the presence of moderate fibrosis (≥F2 on a scale 

of 4), moderate or severe necroinflammatory activity (≥A3 on scale of 4), or cholestatic hepatitis(40). Preemptive 

therapy with PEG-IFN and RBV, started within the first 6 months post-LT and typically prior to the established presence 

of fibrosis, is no more effective than delaying treatment until disease progression is evident. Achievement of SVR post-LT 

is associated with improved graft and patient survival(41).   

Multiple, mostly single center, studies have investigated the efficacy of PEG-IFN and RBV post-LT (42-44). SVR 

rates are ~30% for genotype 1 and 60-75% for genotype non-1. Dose reductions are frequently required, and 

discontinuation is common but acute and chronic rejection are infrequent, occurring in 2% and <1% respectively(42, 43). 
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Although telaprevir and boceprevir are not approved for treatment of transplant recipients, off-label use occurred due 

to the desperate need for effective therapies, especially among patients with advanced fibrosis for whom the risk of 

progression to graft loss is significant. In the CRUSH-C cohort, the largest series to date of post-LT genotype 1 HCV 

patients who underwent PI-based triple therapy, SVR12 was 61% among 95 patients, suggesting nearly 2-fold higher 

cure rates are achievable with PI-triple therapy than with PEG-IFN and RBV, although head-to-head comparisons have 

not been performed(45). 

However, as in the pre-LT population, tolerability and safety are significant challenges. Anemia is the most 

frequently observed side effect of PI-based triple therapy in the post-LT setting. Despite RBV dose reduction and 

erythropoietin (EPO) use in over 80% of CRUSH-C participants, 59% still required red blood cell transfusion during the 

first 16 weeks after starting the PI. Interestingly, renal dysfunction was common: over one third of CRUSH-C patients 

developed a creatinine rise of > 0.5 mg/dL. Pungpapong and colleagues similarly found a creatinine rise > 0.5 mg/dL in 

38% of their cohort, with a median rise of 0.4-0.5 mg/dL(46). This may be a result of calcineurin inhibitor toxicity from 

either altered pharmacokinetics in the setting of CYP3A4/5 inhibition or P-glycoprotein inhibition due to the PI, leading 

to increased calcineurin inhibitor concentration in the renal tubules(47). Finally, telaprevir and boceprevir are both 

substrates for and inhibitors of the CYP3A4/5 pathway and affect the metabolism of drugs metabolized by this pathway, 

including cyclosporine, tacrolimus, and sirolimus. In healthy volunteers, coadministration of boceprevir increased the 

dose-normalized (DN) area under the curve (AUC) of cyclosporine by 2.7-fold and the DN AUC of tacrolimus by 17-

fold(48). Telaprevir increased the DN AUC of cyclosporine by 4.6-fold and the DN AUC of tacrolimus by 70-fold(49). In LT-

recipients, telaprevir increased the DN AUC of sirolimus by 26-fold(50). Therefore, post-LT HCV treatment with telaprevir 

or boceprevir requires immunosuppressant dose adjustments and close monitoring of therapeutic levels. Given these 

challenges, telaprevir and boceprevir-based triple therapy is not expected to have a role in post-LT HCV therapy, except 

in those countries without access to newer DAAs. 
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Although data currently are scarce, it is anticipated that all-oral antiviral regimens will be highly effective and 

safe in the post-LT setting. A phase 2 clinical trial investigated the efficacy and safety of dual therapy with sofosbuvir and 

RBV for 24 weeks in post-LT patients with recurrent HCV(51). Forty patients with genotype 1-4 HCV who were at least 6 

months post-LT were enrolled. All patients had Child-Pugh ≤7 and MELD ≤17, and patients with signs of decompensation 

were excluded. RBV was started at 400 mg per day and was escalated based on hemoglobin levels. All patients achieved 

end-of-treatment response, and 70% achieved SVR12 (Figure 3). Average daily RBV dose was comparable between 

patients with and without relapse. Anemia requiring EPO and/or blood transfusion occurred in 20% of patients. There 

were no deaths, graft losses, or episodes of rejection reported. Importantly, there are no significant drug-drug 

interactions between sofosbuvir and tacrolimus or cyclosporine(52). Given this favorable safety profile, dual therapy 

with sofosbuvir and ribavirin  is recommended by the AASLD-IDSA for post-LT patients with compensated genotype 2 or 

3 disease(53). When used post-LT, RBV should be started at 600 mg/day and increased by as tolerated to achieve 

weight-based dosing. 

For genotype 1 patients post-LT, real-world experience with the use of sofosbuvir and simeprevir post-LT is 

emerging. In the HCV-TARGET consortium, 131 post-LT patients were treated with sofosbuvir and simeprevir with or 

without RBV, and 61/68 (90%) have achieved SVR4(54). An additional study of 109 post-LT patients treated with this 

regimen demonstrated SVR12 in 60/66 (91%) patients who had been followed long enough to reach the outcome(55). 

One patient in the latter study died due to drug-induced liver injury which developed while on treatment. Serious 

adverse events were rare in both studies, and there were no episodes of graft rejection. Simeprevir does not appear to 

have clinically significant interactions with tacrolimus(56). However, cyclosporine increases the levels of simeprevir 

approximately 6-fold and this combination is not recommended(57).  

 The AASLD-IDSA recommends daily sofosbuvir plus simeprevir, with or without RBV, for 12 to 24 weeks in 

compensated genotype 1 patients post-LT. These recommendations will likely change with to the recent FDA approval of 

ledipasvir-sofosbuvir(11). Ledipasvir-sofosbuvir with RBV for 12 or 24 weeks is currently being investigated in a phase 2 
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study of genotype 1 and 4 post-LT patients with and without cirrhosis, including patients with decompensated 

disease(58). To date, 223 patients have been treated, including 51 with Child Pugh A, 52 with Child Pugh B, and 9 with 

Child Pugh C cirrhosis. Among the participants with F0-F3 fibrosis or Child Pugh A cirrhosis, SVR12 was achieved in 78/81 

(96%) and 79/81 (98%) with 12 and 24 weeks of treatment, respectively (Figure 3). Fatigue, anemia, headache, and 

nausea were the most common adverse events, and serious adverse events were rare.  

The all-oral combination of ritonavir-boosted paritaprevir, co-formulated with ombitasvir, plus dasabuvir and 

RBV for 24 weeks has been evaluated in a phase 2 trial of post-LT recipients with genotype 1 HCV(59). Enrolled patients 

had METAVIR ≤F2 fibrosis and were stable on tacrolimus- or cyclosporine-based immunosuppressant regimens. Among 

34 patients enrolled, SVR12 was achieved in 97% (Figure 3). The one relapse occurred 3 days after treatment 

discontinuation, and the patient had evidence of NS3, NS5A, and NS5B resistant variants which were not present at 

baseline. Serious adverse events occurred in 2 patients, and 1 patient discontinued the study drugs due to adverse 

events. RBV was dosed at the discretion of the treating physician; 600-800 mg/day was the most common dose at 

baseline (56%) and at the end of treatment (68%). One-third of patients experienced anemia; 5 patients received EPO, 

and none received a blood transfusion. Tacrolimus and cyclosporine dose adjustments were required: the 

recommended tacrolimus dose was modified to 0.5 mg per week or 0.2 mg every 3 days, and the recommended 

cyclosporine dose reduction was 20% of pre-treatment daily dose. No episodes of rejection occurred. 

Additional regimens under evaluation in post-LT patients without decompensated cirrhosis include simeprevir 

and sofosbuvir with and without ribavirin for genotype 1 HCV (ClinicalTrials.gov identifier NCT02165189), simeprevir, 

daclatasvir, and ribavirin for genotype 1b HCV (ClinicalTrials.gov identifier NCT01938625), and daclatasvir, sofosbuvir 

and ribavirin in genotype 1-6 HCV (ClinicalTrials.gov identifier NCT02032875). 

 

POST-TRANSPLANT ANTIVIRAL THERAPY IN DECOMPENSATED CIRRHOSIS 
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Post-LT experience with sofosbuvir and RBV, with or without PEG-IFN, in patients with decompensated cirrhosis 

was attained in a compassionate access program for patients with aggressive post-LT HCV(36). The study population was 

comprised of patients with genotype 1-4 HCV with severe recurrence post-LT and a less than 1 year life expectancy. 

Among 104 patients enrolled, 72 completed 24-48 weeks of treatment (7 discontinuations due to adverse events, 12 

repeat LT, and 13 deaths). Reflecting the severity of illness in the cohort, the median MELD was 15 and ranged from 6 to 

43. Overall, excluding repeat LT and patients without data available, 62% of patients achieved SVR12.  

In preliminary results of the phase 2 study of ledipasvir-sofosbuvir with RBV for 12 or 24 weeks post-LT, patients 

with decompensated cirrhosis tolerated treatment well and had relatively high treatment response (58). SVR12 was 81% 

in both the 12 and 24 week arms among the patients with Child Pugh B or C cirrhosis (overall 42/52) (Figure 3). Of the 10 

patients who did not achieve SVR, 3 relapsed, 5 died, and 1 withdrew consent. None of the deaths were believed to be 

related to treatment. Only one subject with decompensated cirrhosis had a treatment-related serious adverse event 

(hemolytic anemia), and 3 patients discontinued treatment due to adverse events. 

Another study evaluated the safety and efficacy of sofosbuvir and daclatasvir with or without RBV among 12 

post-LT patients with severe recurrent HCV who were treated through an international compassionate use program(60). 

Three patients had fibrosing cholestatic HCV and 9 had cirrhosis. The mean MELD at baseline was 22 and mean Child-

Pugh score was 10. During treatment, 3 deaths occurred: one due to rapidly progressive liver failure, one due to 

gastrointestinal bleeding, and one due to septic shock. Severe adverse events occurred among 4 of the remaining 9 

patients and were attributed to the severity of the patients’ underlying liver disease rather than directly to the antiviral 

treatment. The 9 patients who completed 24 weeks of treatment all had undetectable HCV RNA at the end of treatment. 

At the time the study was published, post-treatment virologic data was available for 5 patients, all of whom had 

achieved SVR4. In this series as well as an additional case report describing the successful treatment of a patient with 

post-LT fibrosing cholestatic HCV with sofosbuvir and daclatasvir for 24 weeks, there were no apparent drug-drug 

interactions between either DAA and tacrolimus (60, 61).  

Page 15 of 29

John Wiley & Sons, Inc.

Liver Transplantation

This article is protected by copyright. All rights reserved.



16 

 

Finally, high rates of virologic and clinical response were seen in 23 patients with post-LT fibrosing cholestatic 

HCV treated with sofosbuvir (n=8) or sofosbuvir and daclatasvir (n=15) based regimens(62). Improvement in clinical 

laboratory parameters was noted in 87% of patients within the first 8 weeks of treatment. SVR12 was achieved in 7/8 

(88%) treated with sofosbuvir and RBV with or without PEG-IFN and 11/11 (100%) treated with sofosbuvir and 

daclatasvir with or without RBV. No treatment-related serious adverse events or significant drug-drug interactions were 

noted. Safety and efficacy data for use of the other new DAA agents among post-LT patients with decompensated 

disease are not yet available. 

 

SUMMARY OF POST-TRANSPLANT ANTIVIRAL THERAPY  

●Antiviral treatment is recommended in patients with ≥F2 fibrosis, ≥A3 necroinflammatory activity, or cholestatic 

hepatitis. 

●Use of telaprevir or boceprevir-based triple therapy in genotype 1 patients is not recommended due to toxicities and 

drug-drug interactions. 

●Sofosbuvir, ledipasvir, and daclatasvir appear to be safe and effective in post-LT patients and simeprevir is safe in post-

LT patients with compensated liver disease. Optimal treatment regimens and durations are unclear but will likely be 

similar to genotype-specific recommendations in the non-LT setting. 

●Cyclosporine use with simeprevir is not recommended. There are with no significant interactions between sofosbuvir, 

ledipasvir and daclatasvir with immunosuppressant medications. 

●Future DAA regimens are promising but will require attention to drug-drug interactions. 

 

SUMMARY 

HCV recurrence after LT has been a major clinical challenge.  Until recently, attempts to prevent or treat HCV 

recurrence have been limited by poor tolerability and response to interferon-based antiviral therapy.  The availability of 

highly effective and safe all-oral DAAs will undoubtedly improve our ability to prevent and treat recurrent HCV and may 

decrease the need for LT among patients with decompensated cirrhosis due to HCV.  However, limited data exist 

regarding the efficacy and safety of the new DAAs in the transplant setting.  Issues regarding drug resistance and drug-
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drug interactions are likely to emerge as experience grows using DAA’s in the LT population. “Real-world” cohorts of 

antiviral therapy in pre- and post-LT patients will remain critical in defining optimal HCV treatment regimens. 
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Table 1. Characteristics of new HCV direct-acting antiviral drugs  

 

 NS3/4A Protease 

Inhibitors 

NS5A Replication 

Complex Inhibitors 

Nucleotide NS5B 

Polymerase 

Inhibitors 

Non-Nucleoside NS5B 

Polymerase Inhibitors 

 Paritaprevir (ABT-450)/r 

Simeprevir  

Asunaprevir 

Grazoprevir (MK-5172) 

Ombitasvir (ABT-267) 

Daclatasvir  

Ledipasvir  

GS-5816 

Elbasvir (MK-8742) 

Sofosbuvir  Dasabuvir (ABT-333) 

Beclabuvir (BMS-

791325) 

 

Potency High High Intermediate to high Low to intermediate 

Genotypic 

coverage 

Multi-genotypic Multi-genotypic Pan-genotypic Limited genotypic 

Resistance 

barrier 

Intermediate to high Low to intermediate High Low 

Special 

considerations 

CYP3A inhibition: ABT-

450/r, Simeprevir (mild) 

 

CYP3A induction: 

Asunaprevir (weak) 

 

Indirect 

hyperbilirubinemia: 

Simeprevir, 

Paritaprevir (ABT-450)/r 

 Renal clearance is the 

major elimination 

pathway of 

sofosbuvir 
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Table 2: Interferon-free regimens for patients with compensated HCV genotype 1 cirrhosis 

 Phase of 

Development 

SVR Compensated 

Cirrhosis 

Comments 

SOF + RBV
†
 x 24 weeks (23, 53, 

63, 64) 

Approved N/A ●Treatment-naïve patients 

●Few cirrhoMc paMents in published clinical trials 

SOF + SIM x 12 weeks(12) Approved 93% (13/14) ●METAVIR F3-F4 patients 

●SVR 86% in treatment-naïve, 100% in prior null 

responders 

SOF + SIM x 24 weeks(12) Approved 100% (16/16) ●SVR 100% in treatment-naïve, 100% in prior null 

responders 

SOF + LDV x 12 weeks (13, 14) Approved 97% (32/33) ● Treatment-naïve 

SOF + LDV x 24 weeks (13, 14) Approved 100% (22/22) ● Treatment-experienced 

Paritaprevir/r-Ombitasvir, 

dasabuvir, RBV
†
 x 12 weeks(15, 

65)  

Phase 3 92% (191/208)  ●Majority treatment-experienced 

●SVR 89% in genotype 1a and 99% in genotype 1b  

Paritaprevir/r-Ombitasvir, 

dasabuvir, RBV
†
 x 24 weeks(15)  

Phase 3 96% (165/172) 

 

●Majority treatment-experienced 

●SVR 94% in genotype 1a and 100% in genotype 1b 

DCV + ASV x 24 weeks(66) Phase 3 83% (172/206) ●All genotype 1b  

●SVR 91% in treatment-naïve without 

thrombocytopenia, 87% in prior non-responders 

without thrombocytopenia, 79% in interferon 

ineligible/intolerant 

DCV + ASV + Beclabuvir +/- RBV 

x 12 weeks(68) 

Phase 3 93% (188/202) ●SVR 96% in treatment-naïve, 90% in treatment-

experienced 

SOF + DCV +/- RBV
†
 x 12 or 24 

weeks(69) 

Phase 2 N/A ●No paMents with cirrhosis in published clinical trial  

Grazoprevir + Elbasvir +/- RBV x 

12 or 18 weeks(71) 

Phase 2 95% (162/171)
 

  

●SVR 94% in treatment-naïve, 96% in treatment-

experienced 

Abbreviations: SVR, sustained virologic response; SOF, sofosbuvir; RBV, ribavirin; SIM, simeprevir; EOT, end of 

treatment; LDV, ledipasvir; DCV, daclatasvir; r, ritonavir; ASV, asunaprevir 
†
Weight-based RBV
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Table 3:   Interferon-free regimens for patients with compensated HCV genotype 2 and 3 cirrhosis 

 Phase of 

Development 

SVR Compensated 

Cirrhosis 

Comments 

Genotype 2    

SOF + RBV
†
 x 12 weeks(9, 72) Approved 84% (38/45) ●Limited data among cirrhoMc treatment-

experienced patients suggest improved SVR with 16 

weeks versus 12 weeks(9) 

SOF + GS-5816 x 12 weeks(73) Phase 2 N/A ●Treatment naïve 

●Preliminary results not available for paMents with 

cirrhosis 

SOF + DCV +/- RBV
‡
 x 12 or 24 

weeks(69) 

Phase 2 N/A ●No paMents with cirrhosis in published clinical trial 

●Genotype 2 and 3 paMents 

Genotype 3    

SOF + RBV
†
 x  24 weeks(72) Approved 67% (39/58)  ● SVR 92% in treatment-naïve, 60% in treatment-

experienced 

SOF + GS-5816
‡ 

+/- RBV x 12 

weeks(74) 

Phase 2 92% (48/52) ●Treatment experienced 

SOF + DCV x 12 weeks(75) Phase 3 63% (20/32) ●SVR 58% in treatment-naïve and 69% in 

treatment-experienced 

Abbreviations: SVR, sustained virologic response; SOF, sofosbuvir; RBV, ribavirin; SIM, simeprevir; LDV, ledipasvir; DCV, 

daclatasvir  
†
Weight-based RBV 

‡
 RBV dosed 800 mg daily 

‡
GS-5816 100 mg daily 
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FIGURE LEGENDS 

Figure 1. SVR12 rates among 99 HCV genotype 1 and 4 patients with decompensated cirrhosis treated with ledipasvir-

sofosbuvir and ribavirin for 12 or 24 weeks (39). 

Abbreviations: SVR12, sustained virologic response 12 weeks after treatment discontinuation; CTP, Child-Turcotte-Pugh 

score; SOF, sofosbuvir; LDV, ledipasvir; RBV, ribavirin; wks, weeks  

 

Figure 2. On-treatment virologic response on sofosbuvir and weight-based RBV among HCV genotype 1-4 with cirrhosis 

and portal hypertension(37). 

Abbreviations: LLOQ, lower limit of quantification; CTP, Child-Turcotte-Pugh score 

 

Figure 3. Post-LT virologic response among 40 genotype 1-4 patients treated with sofosbuvir and RBV for 24 weeks, 34 

genotype 1 patients treated with Paritaprevir/r/Ombitasvir, dasabuvir, and RBV for 24 weeks, and 214 genotype 1 and 4 

patients treated with ledipasvir-sofosbuvir and RBV for 12 or 24 weeks in separate non head-to-head studies (51, 58, 59). 

The SOF + RBV trial included 4 patients with CTP score 7. All patients in the Paritaprevir/r/ombitasvir + dasabuvir + RBV 

trial had Metavir ≤F2 fibrosis.  

Abbreviations: SOF, sofosbuvir; RBV, ribavirin; r, ritonavir; LDV, ledipasvir; wks, weeks; EOT, end of treatment; CTP, 

Child-Turcotte-Pugh score;  SVR12, sustained virologic response 12 weeks after treatment discontinuation 
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