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INTRODUCTION

The World Health Organization estimates that about 3% of the world’s population has been 

infected with hepatitis C virus (HCV) and that there are more than 170 million with chronic 

disease who are at risk of developing liver cirrhosis and/or liver cancer.1 The prevalence of 

chronic HCV infection in the United States has been estimated at 2.7 million persons per the 

most recent National Health and Nutrition Examination Survey (NHANES) data,2 but a 

study accounting for high-risk groups underrepresented in NHANES suggested a US 

prevalence of 5.2 million.3 Given this burden of disease, is it not surprising that HCV 

infection remains the most common indication for liver transplant (LT) in the United States.4

Recurrence of HCV after LT is universal in viremic patients undergoing LT; in adjusted 

models, recurrent HCV leads to an approximately 28% (95% confidence interval [CI]: 15%–

40%) increase in graft loss and a 17% (95% CI: 3%–32%) increase in recipient mortality 

compared with LT recipients without HCV.5 The natural history of recurrent HCV is 

significantly more aggressive compared with the natural history before LT, with 20% to 54% 

developing bridging fibrosis/cirrhosis at 5 years6 and 2% to 9% developing the aggressive 

and rapidly progressive fibrosing cholestatic HCV within 1 year after LT.7 On the other 

hand, successful HCV eradication either before LT or after LT has been shown to improve 

post-LT outcomes8 and, therefore, is the goal of HCV treatment in the peri-LT setting.

The development of direct-acting antivirals (DAAs) against HCV has revolutionized the 

treatment of HCV (Table 1). The first 2 DAAs included the first-generation NS3/4A protease 

inhibitors (PIs), telaprevir and boceprevir, which 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 genotype 1 HCV. With the approval of second-generation 

NS3/4A PIs and additional DAAs, the first-generation PIs are no longer used in the United 
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States. Simeprevir (SMV), a second-generation PI, was FDA approved for use in 

combination with PEG-IFN and RBV for genotype 1 HCV in November 2013. Soon 

thereafter, the first-in-class nucleotide NS5B polymerase inhibitor sofosbuvir (SOF) was 

FDA approved in December 2013 with pan-genotypic activity. More recently, the FDA 

approved the fixed-dose combination of ledipasvir (LDV), a NS5A replication complex 

inhibitor, and SOF in October 2014. This approval was followed closely by the FDA 

approval of combined ombitasvir (OBV) (an NS5A replication complex inhibitor) and 

ritonavir (r) boosted paritaprevir (PTV) (a PI), copackaged with dasabuvir (DBV) (the only 

approved non-nucleoside NS5B polymerase inhibitor) (OBV-PTV-r/DBV). Although not yet 

approved by the FDA, daclatasvir (DCV), another NS5A inhibitor, was approved in Europe 

in August 2014 and is anticipated to gain approval in the United States in 2015. With the 

availability of these and future DAAs (see Table 1), the era of interferon-containing HCV 

treatment regimens for peri-LT patients is over.

Management of HCV in the peri-LT setting uses several different strategies (Fig. 1). Wait-

listed patients can be treated with the goal of achieving pre-LT cure and/or preventing HCV 

recurrence after LT. In the post-LT setting, HCV treatment can be used either preemptively 

in the early post-LT period to prevent clinically significant disease or used for patients with 

established recurrent disease, including those with cirrhosis who have failed prior therapies, 

all with the intent to achieve cure. In the pre-DAA era when PEG-IFN and RBV were the 

mainstays for treating HCV, the dominant strategy used was the treatment of post-LT 

patients who showed evidence of severe or progressive recurrent disease.9 This approach 

reflected the diminished tolerability of PEG-IFN and RBV and low rate of sustained 

virologic response (SVR). Although the addition of first-generation PIs, telaprevir and 

boceprevir, improved efficacy significantly, the poor tolerability of therapy remained a 

significant barrier. In contrast, current DAA combination therapies are well tolerated, 

allowing a broader array of peri-LT patients to be considered for therapy and provide new 

opportunities to both prevent and treat recurrent HCV disease with high efficacy.

HEPATITIS C VIRUS TREATMENT BEFORE LIVER TRANSPLANT TO 

ACHIEVE CURE

In general, patients with indications for LT have decompensated cirrhosis. However, patients 

with hepatocellular carcinoma (HCC) may have compensated cirrhosis. These latter patients 

can be treated for cure using the same guiding principles as applied to patients who are not 

wait-listed for LT (see the article by Paul Kwo else-where in this issue). Moreover, because 

patients with HCC garner exception points that ensure that all patients whose HCC remains 

within the Milan criteria have access to LT, these patients are ideal patients to treat with 

DAA combinations before LT with the goal of achieving cure and preventing post-LT 

recurrence (see section Hepatitis C virus treatment before liver transplant to prevent hepatitis 

C virus recurrence).

For patients with decompensated cirrhosis, the decision to treat for cure is a more complex 

one. Certainly, there are now DAA combinations that are safe and can offer cure to this 

previously largely incurable group. Potential gains from achieving cure in patients with 
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decompensated cirrhosis include a reversal of complications of cirrhosis, improved quality 

of life, reduced risk of wait-list mortality, and prevention of HCV recurrence after LT (if LT 

occurs). Most of these potential gains are still theoretic, as long-term studies of outcomes in 

patients with decompensated cirrhosis are lacking. Moreover, there may be a potential 

downside of treating patients with decompensated cirrhosis on the wait-list, in that model of 

end-stage liver disease (MELD) scores may decrease with virologic cure, making LT less 

likely, but not improving the complications of liver disease sufficiently to make avoidance of 

LT desirable.

The HCV therapies currently approved in the United States for use in patients with 

decompensated cirrhosis included SOF/RBV, LDV/SOF with or without RBV, and 

SMV/SOF (patients with Child-Pugh [CP] class B cirrhosis only). OBV-PTV-r/DBV with or 

without RBV is not an option. SOF is extensively metabolized in the liver to the 

pharmacologically active metabolite GS-461203 with eventual dephosphorylation to the 

inactive metabolite GS-331007.10 Relative to patients with normal hepatic function, the 

GS-331007 areas under the curves from 0 to 24 hours (AUCs0–24) are 18% and 9% greater 

in patients with CP class B and C cirrhosis, respectively; no dose adjustments for SOF are 

needed for patients with advanced cirrhosis.10 Renal clearance is the major elimination 

pathway for SOF, via GS-331007; compared with those with normal renal function, SOF 

AUC0−∞ was 1.7-fold higher and the GS-331007 AUC0−∞ was 4.5-fold higher in those with 

an estimated glomerular filtration rate (eGFR) less than 30 mL/min/1.73 m2.10 

Consequently, SOF is not recommended for patients with an eGFR less than 30 mL/min/

1.73 m2.10 No pharmacokinetic data are available to guide dosing in patients with combined 
liver and renal dysfunction, a frequent clinical scenario in patients with advanced 

decompensated cirrhosis.

SMV is extensively metabolized by the hepatic cytochrome CYP3A system and eliminated 

via biliary excretion.11 Relative to patients with normal hepatic function, SMV AUC0–24 

values are 2.4-fold and 5.2-fold higher in patients with CP class B and class C cirrhosis, 

respectively.12 Higher exposure to SMV has been associated with increased frequency of 

adverse reactions in clinical trials.11 As a result, the risks and benefits of SMV use need to 

be carefully considered in patients with CP class B cirrhosis and avoided in patients with CP 

class C cirrhosis.11

The safety and efficacy of SMV plus SOF in patients with decompensated cirrhosis have 

been evaluated is real-life cohorts. In a national study of 156 patients (101 with CP class A 

cirrhosis, 49 with CP class B cirrhosis, and 6 CP class C cirrhosis) treated for 12 weeks with 

SMV/SOF with (35%) and without (65%) RBV,13 patients with CP class B or C cirrhosis (vs 

patients with CP class A cirrhosis) developed further hepatic decompensation more 

frequently (20% vs 3%; P value less than .01) (Table 2) while achieving SVR at 12 weeks 

after treatment discontinuation (SVR12) less frequently than patients with CP class A 

cirrhosis (73% vs 91%, P value less than .01) (Fig. 2).13 Similar SVR12 results were 

reported with compensated and decompensated cirrhosis in the HCV-TARGET cohort (87% 

and 75%, respectively).14 Among those with a baseline MELD score greater than 10, HCV-

TARGET reported an SVR12 rate of 74% (79 of 107) among those receiving SMV/SOF and 

66% (19 of 29) among those receiving SMV/SOF and RBV.15 In terms of safety and 
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tolerability, a recent case report suggested SMV/SOF may be associated with worsening 

hepatic decompensation in patients with CP class C cirrhosis.16 However, in a controlled 

study, patients with decompensated cirrhosis treated with SMV/SOF had a similar frequency 

of hepatic decompensation during treatment to matched controls followed for a similar 

duration of time (9% vs 10%, P = .78),13 suggesting safety events during treatment may 

reflect the natural history of decompensated cirrhosis. The complexity of establishing a 

causal relationship between drug exposures and decompensating events in patients with 

advanced cirrhosis is well recognized.17

In contrast to the pharmacokinetic data for SMV or SOF, the pharmacokinetic data for LDV 

in subjects with severe renal (eGFR <30 mL/min/m3) or hepatic (CP class C cirrhosis) 

impairment suggest no significant differences compared with healthy subjects.18 

Furthermore, safety data are reassuring for use of LDV/SOF in patients with decompensated 

cirrhosis.19,20 In the US study of LDV/SOF with RBV (escalating doses starting at 600 

mg/d) in 59 patients with CP class B cirrhosis and 49 patients with CP class C cirrhosis 

(SOLAR-1), SVR12 was achieved in 45 of 52 (87%) patients treated for 12 weeks and 42 of 

47 (89%) patients treated for 24 weeks (see Fig. 2).19 In a similar study from Europe 

(SOLAR-2), LDV/SOF with RBV resulted in SVR12 rates of 86% (37 of 43) versus 85% 

(35 of 41) in genotype 1 patients with CP class B/C cirrhosis treated for 12 weeks versus 24 

weeks (see Fig. 2).21 Serious treatment-related adverse events (AEs) were rare. In the 

SOLAR-1 study, treatment was discontinued early because of AEs in 3 patients, and 6 

patients died (4 septic shock, 1 renal failure, 1 cardiac arrest) (see Table 2). Seven patients 

underwent LT during the study period and were not included in the analysis: one patient died 

2 weeks after LT, and 6 achieved a post-transplant virologic response.19 In a smaller study of 

20 SOF treatment-experienced patients retreated with LDV/SOF without RBV, 13 (65%) 

with CP class B cirrhosis achieved SVR12 after 12 weeks of treatment and 7 relapsed (see 

Fig. 2).20 No patients died, and only 2 patients experienced serious AEs: one related to a 

patient’s baseline bipolar disorder and one caused by anemia, chest pain, and cholecystitis 

(see Table 2).20 Differences in reported SVR rates between these studies may reflect both 

the patient populations and the use of RBV. Based on data from patients with compensated 

cirrhosis,22 the recommended approach to patients with CP class B/C cirrhosis treated with 

LDV/SOF is to treat for 24 weeks if RBV is not included and 12 weeks if RBV is included 

(Table 3).

SOF/RBV was the first all-oral therapy available to treat patients with decompensated 

cirrhosis and is currently the only treatment approved for genotypes 2 and 3. Real-world 

data involving patients with cirrhosis and baseline MELD scores greater than 10 from HCV-

TARGET show an SVR12 rate of 81% (21 of 26) among genotype 2–infected patients and a 

rate of 39% (10 of 26) among genotype 3–infected patients.15 Among 88 patients with 

cirrhosis and a baseline MELD score greater than 10 treated with SOF/RBV, 27 (31%) had a 

serious AE and 10 (11%) had hepatic decompensation, but no patients died.15 For non–

genotype 2 or 3 patients, alternative DAA combinations are available for treatment of 

patients with decompensated cirrhosis and are preferred over SOF/RBV (see Table 3).

Although currently not FDA approved, DCV has been used in Europe in combination with 

other DAAs in the treatment of HCV. In vitro studies demonstrate that DCV is a substrate of 
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CYP3A, with CYP3A4 the major cytochrome P isoform responsible for the metabolism.23 

Pharmacokinetic studies show the AUCs0–24 are 42.7%, 37.6%, and 51.2% lower in subjects 

with CP class A, CP class B, and CP class C cirrhosis, respectively.23 In addition, the 

AUC0–24 of DCV was estimated to be 26.4%, 59.8%, and 79.6% higher in subjects with 

eGFR values of 60, 30, and 15 mL/min/1.73 m2.23 In the French compassionate access 

program, genotype 3–infected patients with cirrhosis (compensated and decompensated) 

treated with SOF/DCV ([C21]RBV) for 12 and 24 weeks, achieved SVR4 in 76% (22 of 29) 

and 88% (52 of 59), respectively.24 In the National Health Service of England real-life 

experience treating 171 patients with genotype 1 and 3 cirrhosis (61% and 69% CP class B, 

8% and 13% CP class C, respectively) with SOF/DCV ([C21]RBV) for 12 weeks, the 

SVR12 rates were 80% for genotype 1 and 70% for genotype 3.25 The ALLY-1 trial 

examining a 12-week regimen of SOF/DCV with RBV (initial dose of 600 mg/d, adjusted to 

1000 mg/d based on hemoglobin levels and creatinine clearance) in a predominantly 

genotype 1–infected population (genotype 1a: 57%, genotype 1b: 18%) resulted in SVR12 

rates of 94% (30 of 32) and 56% (9 of 16) in patients with CP class B and CP class C 

cirrhosis, respectively (see Fig. 2).26 Serious AEs occurred in 11 of 60 (17%) patients with 

cirrhosis, none related to study treatment; there were no deaths (see Table 2).26 For patients 

with decompensated cirrhosis in the United States, the future availability of DCV will 

provide more treatment options for genotype 3–infected patients and additional treatment 

options for genotype 1– or genotype 4–infected patients.

In a small number of patients with compensated cirrhosis who achieved HCV cure with 

older therapies, liver histology has been shown to improve.27,28 There is hope that achieving 

HCV cure in patients with decompensated cirrhosis may halt progression of decompensating 

events and prevent LT. Among 129 HCV-infected patients with decompensated cirrhosis 

treated with PEG-IFN and RBV, decompensation events occurred in 88% (52 of 59) of the 

untreated control group, 69% (33 of 48) of the non-SVR group, and 23% (3 of 13) of the 

SVR group, suggesting a protective effect of cure.29 Among SOF/LDV-treated patients, the 

median (range) changes in the CP and MELD scores from baseline to 4 weeks post 

treatment were −1 (−3 to 2) and −1 (−5 to 10), respectively, among patients with baseline CP 

class B cirrhosis and was −1 (−3 to 0) and −1 (−6 to 2), respectively, among patients with 

baseline CP class C cirrhosis. 19 Among patients treated for 24 weeks with SOF/RBV, the 

mean change from baseline of albumin was 0.4 g/dL, of bilirubin was −0.2 mg/dL, and of 

MELD score was −1; some patients showed improvement in ascites and hepatic 

encephalopathy (see Table 2).30 As most studies with DAA combination therapy have 

evaluated MELD and clinical benefits at SVR12, longer-term follow-up studies are 

necessary to determine the benefits of HCV cure among patients with decompensated 

cirrhosis.

HEPATITIS C VIRUS TREATMENT BEFORE LIVER TRANSPLANT TO 

PREVENT HEPATITIS C VIRUS RECURRENCE

For patients who achieve SVR before LT, 100% are HCV free after LT.31 However, a shorter 

treatment course aimed at achieving an undetectable HCV RNA at the time of LT (rather 

than SVR) can significantly reduce the risk of post-LT HCV recurrence.32–38 This HCV 
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treatment strategy may be especially useful in patients whose time of LT is predictable, such 

as living-donor LT recipients or those with HCC. This strategy was first established in the 

Adult-to-Adult Living Donor Liver Transplantation Cohort Study,36 with patients 

randomized to a low accelerating dose regimen of PEG-IFN and RBV or observation before 

LT.36 The outcome of interest was achieving post-LT virologic response (pTVR) that was 

defined as an undetectable HCV RNA 12 weeks after LT.36 Forty-four treated patients 

underwent LT of which 26 (59%) achieved an undetectable HCV RNA by the time of LT 

and 11 (25%) achieved pTVR.36 Importantly, those who were treated for less than 8 weeks, 

8 to 16 weeks, or greater than 16 weeks achieved pTVR at 0%, 18%, and 50%, respectively.
36 Despite not directly evaluating the duration of HCV RNA negativity as a predictor of 

pTVR, this study shows that HCV treatment before LT can prevent HCV recurrence and that 

duration of therapy (and, therefore, likely the duration of HCV RNA undetectability before 

LT) was an important predictor of treatment success.36 With the first-generation PI 

(telaprevir or boceprevir)-based triple therapy, an improved on-treatment response was seen 

but offset by the high frequency of treatment-associated AEs.39,40

With the availability of the newer DAAs, PEG-IFN no longer has any role in pre-LT antiviral 

therapy aimed to prevent post-LT HCV recurrence. DAA combinations achieve nearly 

universal on-treatment virologic responses.41–43 The time to and duration of HCV RNA 

negativity are critical elements of using this antiviral strategy to prevent HCV recurrence 

after LT. The factors potentially influencing the virologic responses on treatment include the 

severity of cirrhosis, prior treatment experience, and the DAA combination used. The 

landmark study was a phase 2 pilot study of SOF and weight-based RBV in 61 patients 

infected with genotypes 1 to 4 and a CP score of 7 or less listed for LT accruing a MELD 

exception point for HCC.44 On an intent-to-treat basis, 59% of patients initiating therapy 

achieved pTVR. However, of the 43 patients who were treated and had an undetectable HCV 

RNA at the time of LT, 30 (70%) achieved pTVR.44 The duration of continuously 

undetectable HCV RNA was associated with the likelihood of achieving pTVR, with only 1 

of 26 patients with continuously undetectable HCV RNA for at least 30 days before LT 

developing recurrent HCV.44 Safety events in this study occurred at similar frequency to 

what was observed in the registration trials for SOF and weight-based RBV. As a result of 

this study, SOF and weight-based RBV is FDA approved for patients with HCC awaiting LT 

with available data supporting a minimum of 4 weeks of HCV RNA negativity before LT to 

maximize the chance of pTVR.45

Available data highlight the heterogeneity of the on-treatment virologic responses. In a study 

of 25 genotype 1 to 4 HCV–infected patients with CP class A and B cirrhosis and portal 

hypertension (hepatic venous pressure gradient >6 mm Hg) treated with SOF and RBV,30 

75% of patients with decompensated cirrhosis achieved an undetectable HCV RNA level by 

week 4 of treatment (Fig. 3).30 In a study of 55 patients with decompensated cirrhosis 

treated with SMV/SOF with or without RBV, 62% achieved an on-treatment response by 4 

weeks (see Fig. 3), with a median time to undetectable viral load of 32 days.13 Among 20 

patients with CP class B cirrhosis who underwent LDV/SOF, 75% achieved a negative viral 

load at treatment week 4% and 100% by week 12 (see Fig. 3).20 Based on these data, the 

goal should be to initiate treatment at least 6 to 10 weeks before LT in order to achieve 
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approximately 4 weeks of HCV RNA negativity before LT and to maximize the likelihood 

of achieving pTVR.

For patients with compensated cirrhosis, several treatment options exist; but for 

decompensated cirrhosis, LDV/SOF with/without RBV (genotype 1, 4, and 6) and, until 

DCV becomes available, SOF and RBV dual therapy (genotypes 2 and 3) should be 

considered. The treatment duration should be timed to LT if possible, and this is most easily 

accomplished in patients with living donors or those with exception status (eg, HCC). 

Because the cost of treatment is closely tied with the duration of therapy, it remains to be 

determined whether treatment for prevention (with a possibly shorter duration of treatment) 

is more cost-effective than treatment post-LT.

PREEMPTIVE HEPATITIS C VIRUS TREATMENT AFTER LIVER 

TRANSPLANT TO ACHIEVE CURE

The preemptive strategy initiates HCV therapy in the immediate or early posttransplant 

period, before the development of recurrent disease. This therapeutic approach is predicated 

on the knowledge that HCV viremia rapidly declines with removal of the recipient’s 

cirrhotic liver and increases gradually in the hours to days following LT.46 Potent DAAs 

against HCV given immediately at the time of LT, along with removal of the infected organ, 

may avoid the rapid recurrence of viremia and also allow for shorter and, thus, more cost-

effective HCV management. However, the safety and efficacy of DAAs in the immediate 

transplant period are unknown; the benefits of preemptive versus delayed posttransplant 

therapy remain to be established. Currently, the CRUSH-C consortium is examining the 

safety and efficacy of LDV/SOF administered in patients infected with chronic genotype 1 

or 4 HCV in the perioperative LT setting (ClinicalTrials.gov NCT02350569).

Another preemptive strategy is to use adjuvant antibody therapy in patients who are on 

antiviral therapy at the time of LT. In a phase 3, open-label randomized study, 84 HCV-

infected wait-listed patients receiving DAAs leading up to transplant were randomized 1:1:1 

to hepatitis C immunoglobulin (HCIG) 200 mg/kg, 300 mg/kg, or observation.47 In 

preliminary data, 63 patients were treated pre-LT with DAA-based therapy for a median of 

63 days with post-transplant reinfection occurring in 1/21 (5%) in the 300 mg/kg, 7/22 

(32%) in 200 mg/kg group and 6/20 (30%) controls.47 These preliminary results suggest use 

of higher dose HCIG may be beneficial as an adjuvant therapy for patients on HCV therapy 

undergoing LT.

HEPATITIS C VIRUS TREATMENT AFTER LIVER TRANSPLANT TO ACHIEVE 

CURE

Achievement of SVR after LT is associated with improved graft and patient survival48 and is 

the goal of every LT recipient. Prior treatment guidelines recommended antiviral therapy be 

initiated after LT only if there is moderate fibrosis (≥F2 on a scale of 4), moderate or severe 

necroinflammatory activity (≥A3 on scale of 4), or cholestatic hepatitis.9 Post-LT therapy 

with PEG-IFN and RBV, started within the first 6 months after LT and before the presence 
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of fibrosis on protocol biopsies, was no more effective than delaying treatment until disease 

progression was present.49 However, with the improved safety profiles of IFN-free therapies, 

earlier post-LT therapy may be merited to gain full survival benefit from cure and decrease 

the cost related to monitoring and management of recurrent disease complications.

Significant Fibrosis/Compensated Cirrhosis

SVR rates with PEG-IFN and RBV were approximately 30% for genotype 1 and 60% to 

75% for non-1 genotypes.50 Dose reductions were frequently required, and treatment 

discontinuation was common; but acute and chronic rejection were infrequent, occurring in 

2% and less than 1%, respectively. SVR rates with first-generation PI-based triple therapy 

were substantially higher with 63% achieving cure.51 However, tolerability and safety were 

significant challenges with telaprevir- and boceprevir-based therapy,51,52 including 

worsening of renal function in up to 38% of patients.53 This worsening was possibly related 

to the degree of anemia or from the result of calcineurin inhibitor toxicity from either altered 

pharmacokinetics in the setting of CYP3A4/5 inhibition or P-glycoprotein inhibition caused 

by the PI.52 Thus, the addition of a DAA substantially increased the success of therapy; 

however, the side effects of the first-generation PIs plus the need for use of PEG-IFN and 

RBV resulted in a complex therapy for patients and providers. Although some countries 

without access to newer DAAs continue to use PI triple therapy with success, in the United 

States, newer DAA combinations have supplanted its use.

The all-oral antiviral regimens show improved efficacy and safety over the first-generation 

PI-based triple therapy for LT recipients. In a phase 2 clinical trial, 44 LT recipients with 

HCV genotypes 1 to 4 who were at least 6 months post-LT received SOF and RBV for 24 

weeks.54 All patients had a CP score of 7 or less and a MELD score of 17 or less, and 

patients with signs of decompensation were excluded.54 RBV was started at 400 mg/d and 

was escalated based on tolerability and degree of anemia.54 All patients achieved an end-of-

treatment response, and 28 (70%) achieved SVR12 (Fig. 4). Average RBV doses did not 

differ between those who did and did not achieve SVR12.54 Anemia requiring erythropoietin 

and/or blood transfusions occurred in 20%,54 more than half of the frequency seen with first-

generation PI-based triple therapy.51,52 Furthermore, there were no deaths, graft losses, or 

episodes of rejection or any significant drug-drug interactions between SOF and tacrolimus 

or cyclosporine.55 SOF and RBV are currently recommended for post-LT patients with 

genotype 2 or 3 disease.45

Real-world experience with SMV/SOF with or without RBV for genotype 1 LT recipients 

has been reported. In a study of 123 patients (60% genotype 1A, 30% F3/F4, 80% treatment 

experienced), SVR12 was achieved in 90%.56 One patient died of drug-induced lung injury 

while on treatment.56 In interim analysis of the HCV-TARGET cohort of 131 LT recipients, 

90% achieved SVR4, with 86% SVR4 in those with cirrhosis and 94% in those without.57 

Serious AEs were rare in both studies, and there were no episodes of graft rejection.56,57 

SMV does not seem to have clinically significant interactions with tacrolimus, but 

cyclosporine increased SMV levels by approximately 6-fold; thus, patients on cyclosporine 

should not be treated with SMV-containing regimens.58 SMV/SOF with or without RBV for 
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12 weeks is one of the recommended regimens for genotype 1–infected LT recipients with 

compensated liver disease.45

LDV/SOF with RBV was evaluated in a phase 2 study of 223 LT recipients with genotype 1 

and 4 for 12 or 24 weeks.19 Fifty percent (n = 111) of the treated patients were without 

cirrhosis (Metavir fibrosis stage 0–3), 51 (28%) with CP class A cirrhosis, 52 (23%) with CP 

class B cirrhosis, and 9 (4%) with Child Pugh C cirrhosis.19 SVR12 was achieved in 96% of 

F0-F3 patients, 96% with CP class A cirrhosis, and 81% with CP class B/C cirrhosis with 

SVR rates similar with 12 versus 24 weeks of treatment (see Fig. 4).19 Fatigue, anemia, 

headache, and nausea were the most common AEs.19 Seven patients died of causes judged to 

be unrelated to treatment.19 In the European SOLAR-2 study of LDV/SOF with RBV in LT 

recipients, SVR12 was achieved in 95% with F0–3 fibrosis and 98% with compensated CP 

class A cirrhosis treated for 12 or 24 weeks (no difference by duration of therapy)21 (see Fig. 

4).21 Based on these results, LDV/SOF with weight-based RBV for 12 weeks is 

recommended for LT recipients with compensated and decompensated genotype 1 or 4 HCV 

disease.45

In the CORAL-1 study, 34 LT patients with genotype 1 HCV infection and F0–2 fibrosis 

were treated with OBV-PTV-r/DBV and RBV for 24 weeks.59 RBV was dosed at the 

discretion of the treating physician; 600 to 800 mg/d was the most common dosage at 

baseline (56%) and at the end of treatment (68%). SVR12 was achieved in 97% (see Fig. 4).
59 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.59 

Serious AEs occurred in 2 patients, and 1 patient discontinued the study drugs because of 

AEs.59 Anemia was common and seen in approximately one-third of patients, with 5 

patients receiving erythropoietin.59 Two patients experienced serious AEs: one with 

hypotension and tachycardia related to tamsulosin administered after elective surgery and 

one diabetic patient with moderate peripheral edema and pain in extremities.59 Tacrolimus 

dosages were modified to 0.5 mg per week or 0.2 mg every 3 days, and cyclosporine dose 

reductions were to 20% of the pretreated daily dose.59 No episodes of rejection occurred. 

Based on these results, OBV-PTV-r/DBV and RBV for 24 weeks is approved for LT 

recipients with genotype 1 HCV infection with early stage fibrosis (≤F2).45 A study of this 

DAA combination in patients with more advanced stages of fibrosis is ongoing 

(ClinicalTrials.gov NCT01782495).

In the ALLY-1 study, SOF/DCV with RBV for 12 weeks was examined in 53 LT recipients, 

genotypes 1 and 3, 68% with F0-F3 fibrosis and 30% with CP class A cirrhosis (1 patient 

missing baseline stage).26 SVR12 was observed in 50 of 53 (94%). Only 9% experienced 

serious AEs, and all were unrelated to the study drug.26 Although SOF/DCV with/without 

RBV has been used in LT recipients in compassionate access programs,24,25 efficacy and 

safety results are not currently available. Coadministration of DCV with cyclosporine or 

tacrolimus has been investigated in healthy HCV-negative subjects, and DCV did not affect 

the pharmacokinetics of either calcineurin inhibitor.60 Although cyclosporine caused a 

modest increase in DCV exposure with a 40% increase in AUC0–24, dose adjustments for 

DCV, tacrolimus or cyclosporine are unlikely to be required during coadministration.60 
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Availability of DCV in the United States will provide another NS5A inhibitor option for LT 

recipients, especially those with decompensated cirrhosis.

Decompensated Cirrhosis

In a compassionate access program for LT recipients with severe recurrence and less than 1-

year life expectancy, patients with genotype 1 to 4 and decompensated cirrhosis or severe 

cholestatic hepatitis received variable duration of SOF and RBV with or without PEG-IFN.
61 Only 72 (69%) patients completed 24 to 48 weeks of treatment; 7 discontinuations caused 

by AEs, 12 repeat LTs, and 13 deaths were reported.61 Overall, excluding repeat LT and 

patients without data available, 62% achieved SVR12.61

Data using other DAA combinations are more limited. Drawing on real-world experience, 

131 genotype 1–infected LT recipients were treated with SMV/SOF with or without RBV 

for 12 or 24 weeks with SVR4 reported in 77% of patients with cirrhosis and a MELD score 

of 10 or greater (see Fig. 4).62 In LT recipients treated with LDV/SOF with RBV for 12 or 

24 weeks, the SVR12 rates were 84% (CP class B cirrhosis, n = 44) and 63% (CP class C 

cirrhosis, n = 8) (see Fig. 4).19 Of the 10 patients who did not achieve SVR12, 3 relapsed, 5 

died (none thought to be related to treatment), and 1 withdrew consent.19 Only one patient 

with decompensated cirrhosis had a treatment-related serious AE (hemolytic anemia), and 3 

patients discontinued treatment because of AEs.19 In the SOLAR-2 study, 35 of 36 (97%) of 

LT recipients with CP class B cirrhosis and 4 of 6 (67%) of LT recipients with CP class C 

cirrhosis achieved SVR12 with SVR rates similar with 12 versus 24 weeks of treatment (see 

Fig. 4).21 The safety and efficacy of SOF and DCV with or without RBV has been studied in 

compassionate access settings. Among 12 post-LT patients with severe recurrent HCV (3 

with severe cholestatic HCV), 9 patients completing 24 weeks of treatment had undetectable 

HCV RNA at treatment end and 5 patients with follow-up achieved SVR4.63 During 

treatment, 3 deaths occurred: one caused by rapidly progressive liver failure, one caused by 

gastrointestinal bleeding, and one caused by septic shock and attributed to the severity of the 

patient’s underlying liver disease rather than directly to the antiviral treatment.63 In another 

series of 23 patients with post-LT severe cholestatic HCV treated with SOF and daclatasvir, 

SVR12 was achieved in 96%.64

PRETRANSPLANT VERSUS POSTTRANSPLANT THERAPY: WHICH IS 

BETTER?

HCV treatment in the peri-LT setting needs to be individualized. Factors of importance 

include patient severity of cirrhosis, presence of HCC, donor options, and regional wait 

times. Treatment approaches are predicted to change continuously over the next few years, 

as clinicians gain more experience with using currently approved DAA combinations in 

patients both before LT and after LT and with a large published experience with peri-LT 

therapies. A suggested framework for considering the timing of treatment in a moderate to 

high MELD region is shown in Fig. 5.
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Wait-Listed Patients

In patients listed with HCC or with a living donor available, pre-LT treatment with the goal 

of preventing HCV recurrence is an option to consider. These patients have a fairly 

predictable time to LT allowing the initiation of therapy in sufficient time to achieve HCV 

RNA undetectability for 4 or more weeks. Earlier treatment can be considered in patients 

with HCC and complications of cirrhosis, for whom treatment may improve liver function 

and facilitate HCC treatment and/or decrease symptoms related to liver decompensation.

For patients with intermediate MELD scores and no living donor option, the benefits and 

harms of treatment need to be weighed for each patient. Potential benefits of treatment 

include reversal of decompensation, reduced risk of death on the waiting list, improved 

quality of life, and avoidance of LT. Potential harms include lack of response and 

development of resistance, limited access to future therapies, and reduced MELD scores 

making LT less accessible. Overall, the lack of long-term data on SVR and reversibility of 

complications of portal hypertension and liver failure are major impediments to decision 

making. Pre-LT HCV treatment in this group should be considered on a case-by-case basis 

and may be best suited for those with lower MELD scores (eg, <20) and/or whose 

complications from portal hypertension are not refractory (see Fig. 5). For those with a high 

MELD score whose LT is imminent, deferral of HCV treatment until after LT is currently 

the best option.

Post–Liver Transplant Recipients

In the post-LT setting, patients with severe early recurrence (cholestatic variant) or risk 

factors for progressive disease should be treated early. As safety and experience with early 

treatment is acquired, earlier initiation of antiviral therapy is likely. In resource-constrained 

settings, monitoring of patients with annual liver biopsies or elastography with initiation of 

treatment if F2 or greater fibrosis is a reasonable strategy. However, the costs and 

complexity of monitoring and managing patients with recurrent HCV disease need to 

considered and may justify undertaking treatment at earlier time points after LT.

SUMMARY

In the era of the highly effective and safe all-oral DAA regimens, HCV recurrence after LT 

is no longer a major clinical challenge; but questions related to the timing of treatment and 

the most cost-effective approach remain. HCV treatment options before LT are more limited 

but can decrease the rate of HCV recurrence after LT and may even decrease the need for 

LT. However, a greater safety experience and longer-term efficacy data are needed in this 

population to guide decision making. Real-world cohorts of pre-LT and post-LT patients will 

remain critical in defining optimal HCV treatment regimens.
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KEY POINTS

• The primary goal of hepatitis C virus treatment in the peri-liver transplant 

setting is to prevent liver-related complications and graft loss caused by 

recurrence of hepatitis C virus after liver transplant.

• Approved direct-acting antivirals against hepatitis C offer a safe and effective 

option for treatment in the peri-liver transplant period with primary 

determinants of use guided by renal and liver function.

• Hepatitis C virus treatment in patients with decompensated cirrhosis with 

newer direct-acting antivirals are generally well tolerated and provide cure 

rates ranging from 50% to 94%.

• On-treatment virologic responses with newer direct-acting antivirals are 

almost universal providing the opportunity to treat to achieve at least 4 weeks 

viral negativity before liver transplant.
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Fig. 1. 
HCV treatment strategies for peri-LT patients.
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Fig. 2. 
Virologic responses with varying regimens in patients with decompensated cirrhosis.
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Fig. 3. 
On-treatment virologic response at week 4 with varying regimens in patients with 

decompensated cirrhosis.
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Fig. 4. 
Virologic responses in post-LT patients with varying regimens by degree of liver disease. a 

CP class A = cirrhosis with a MELD score less than 10; CP class B/C = cirrhosis with a 

MELD score of 10 or greater. Of note, results for F0-F3 and CP class A LT recipients in the 

SOLAR-2 study were presented in a combined format but were included in F0-F3 bars.
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Fig. 5. 
Suggested approach to HCV treatment in pre-LT patients. a Severe complications from 

portal hypertension are generally medically refractory ascites or encephalopathy.
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Table 1

Characteristics of new DAAs against HCV

DAA Mechanism of Action Genotypic Coverage Special Considerations

Approved

 Telaprevir NS3/4A protease inhibitor 1 Discontinued in United States

 Boceprevir NS3/4A protease inhibitor 1 To be discontinued in United States 
December 2015

 Simeprevir NS3/4A protease inhibitor 1, 4 Mild CYP3A inhibition Indirect 
hyperbilirubinemia

 Sofosbuvir Nucleotide NS5B polymerase inhibitor Pan-genotypic Renal clearance

 Ledipasvir NS5A replication complex inhibitor Pan-genotypic —

 Paritaprevir/ritonavir NS3/4A protease inhibitor 1, 4 CYP3A inhibition Indirect 
hyperbilirubinemia

 Ombitasvir NS5A replication complex inhibitor 1, 4 —

 Dasabuvir Non-nucleoside NS5B polymerase inhibitor 1, 4 —

Experimental

 Asunaprevir NS3/4A protease inhibitor 1, 4 Weak CYP3A induction

 Grazoprevir NS3/4A protease inhibitor Pan-genotypic —

 Daclatasvir NS5A replication complex inhibitor Pan-genotypic —

 GS-5816 NS5A replication complex inhibitor Pan-genotypic —

 Elbasvir NS5A replication complex inhibitor Pan-genotypic —

 Beclabuvir Non-nucleoside NS5B polymerase inhibitor 1 —
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Table 2

Safety outcomes by HCV treatment regimen in patients with decompensated cirrhosis

Regimen N Safety Outcomes

SMV/SOF ± RBV 
× 12 wk13

49 CP class B; 6 CP 
class C

• 11% (6 of 55) early treatment discontinuation

• 22% (12 of 55) hospitalized

• 20% (11 of 55) infection requiring antibiotics

• 20% (11 of 55) further hepatic decompensation

• 2% (1 of 55) death

LDV/SOF + RBV 
× 12–24 wk18

59 CP class B; 49 CP 
class C

• CP and MELD scores improved from baseline in most patients

• Low rates of grade 3/4 AEs, serious AEs (more common in 24-wk arm)

• No treatment discontinuations in 12-wk arm, 3 in 24-wk arm

• 5% (3 of 59) deaths in CP class B, 6% (3 of 49) deaths in CP class C, none 
attributed to study drugs

LDV/SOF + RBV 
× 24 wk19

13 CP class B • 2 patients experienced serious AEs: one caused by patient’s baseline bipolar 
disorder and one caused by anemia, chest pain, and cholecystitis

• No deaths

SOF/RBV15 88 Cirrhosis and 
MELD >10

• 31% (27 of 88) had a serious AE, 11% (10 of 88) had hepatic decompensation*, 
8% (7 of 88) had infections

• No deaths

SOF/RBV × 24 
wk24

15 CP class B; 1 CP 
class C

• Mean change from baseline of albumin was 0.4 g/dL, of bilirubin was −0.2 
mg/dL, and of MELD score was −1

• Improvement of baseline ascites and hepatic encephalopathy

SOF/DCV + RBV 
× 12 wk26

12 CP class A; 32 CP 
class B; 16 CP class 
C

• 17% (10 of 60) with serious AEs, all considered unrelated to study treatment

• 18% (11 of 60) with grade 3/4 AEs: 4 related to study treatment (anemia, 
noncardiac chest pain, arthralgia, headache)

• 2% (1 of 60) discontinued because of AE: discontinued at time of transplant 
(attained pTVR)

• No deaths

Abbreviations: AE, adverse event; pTVR, post-LT virologic response.

*
Combined pre-LT and post-LT patients.
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Table 3

Recommended interferon-free regimens by genotype for patients with decompensated cirrhosis

Regimen Comment

Genotype 1 or 4:

 LDV/SOF + RBV × 12 wk18 87% (26 of 30) SVR in patients with CP class B, 86% (19 of 22) SVR in patients with CP class C

 LDV/SOF × 24 wk20 RBV intolerant; data in patients with decompensated cirrhosis lacking

Genotype 2 or 3:

 SOF/RBV up to 48 wk39 Data in patients with decompensated cirrhosis lacking, and exact duration of therapy unknown
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