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Abstract
Patients who are infected with hepatitis C virus (HCV) and also have advanced fibrosis or cirrhosis have been recognized as “difficult-to-treat” patients during an era when peginterferon and ribavirin combination therapy is the standard of care. Recent guidelines have clearly stated that treatment should be prioritized in this population to prevent complications such as decompensation and hepatocellular carcinoma (HCC). Recent advances in the treatment of chronic hepatitis C have been achieved through the development of direct-acting antiviral agents (DAAs). Boceprevir and telaprevir are first-generation DAAs that inhibit the HCV NS3/4A protease. Boceprevir or telaprevir, in combination with peginterferon and ribavirin, improved the sustained virological response rates compared with peginterferon and ribavirin alone and were tolerated in patients with HCV genotype 1 infection without cirrhosis or compensated cirrhosis. However, the efficacy is lower especially in prior non-responders with or without cirrhosis. Furthermore, a high incidence of adverse events was observed in patients with advanced liver disease, including cirrhosis, in real-life settings. Current guidelines in the United States and in some European countries no longer recommend these regimens for the treatment of HCV. Next-generation DAAs include second-generation HCV NS3/4A protease inhibitors, HCV NS5A inhibitors and HCV NS5B inhibitors, which have a high efficacy and a lower toxicity. These drugs are used in interferon-free or in interferon-based regimens with or without ribavirin in combination with different classes of DAAs. Interferon-based regimens, such as simeprevir in combination with peginterferon and ribavirin, are well tolerated and are highly effective especially in treatment-naïve patients and in patients who received treatment but who relapsed. The efficacy is less pronounced in null-responders and in patients with cirrhosis. Interferon-free regimens in combination with ribavirin and/or two or more DAAs could be used for treatment-naïve, treatment-experienced and even for interferon-ineligible or interferon-intolerant patients. Some clinical trials have demonstrated promising results, and have shown that the efficacy and safety were not different between patients with and without cirrhosis. There are also promising regimens for genotypes other than genotype 1. Interferon is contraindicated in patients with decompensated cirrhosis, and further studies are needed to establish the optimal treatment regimen for this population. In the future, interferon-free and ribavirin-free regimens with high efficacy and improved safety are expected for HCV-infected patients with advanced liver diseases.
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Core tip: In general, patients with cirrhosis who are infected with hepatitis C virus (HCV) are at a higher risk for the development of hepatocellular carcinoma (HCC) compared with patients without cirrhosis. Antiviral treatments for patients with cirrhosis and HCV may reduce the occurrence of HCC and/or prevent the progression to hepatic failure. In this review, we discussed the sustained virological response (SVR) rates of interferon-containing and interferon-free regimens for these patients. Recent advances in the development of direct-acting antivirals against HCV have improved the SVR rates and have reduced the occurrence of adverse events during treatment. Interferon-free regimens might improve the prognosis of patients with cirrhosis and HCV.
Nakamoto S, Kanda T, Shirasawa H, Yokosuka O. Antiviral therapies for chronic hepatitis C virus infection with cirrhosis. World J Hepatol 2015; In press
INTRODUCTION

Patients with hepatitis C virus (HCV)-infection and cirrhosis have been recognized as “difficult-to-treat” patients in the era of peginterferon and ribavirin as the standard of care. Since 2011, new direct-acting antiviral agents have been approved for treatment against HCV infection. Interferon-based triple therapy including telaprevir or boceprevir has been more effective than peginterferon and ribavirin alone even in patients with cirrhosis, although some safety concerns also exist.
According to the current guidelines for the management and treatment of HCV infection in the United States and in the EU[1,2], all patients with chronic HCV infection with compensated disease have an indication for treatment. Treatment should be prioritized for patients with advanced fibrosis and cirrhosis to prevent complications such as decompensation and hepatocellular carcinoma (HCC). In the HALT-C trial, patients with advanced chronic hepatitis C who achieved SVR demonstrated a marked reduction in death/liver transplantation, and in liver-related morbidity/mortality[3]. Importantly, individuals with advanced liver disease also require long-term follow-up and surveillance for HCC, regardless of the treatment outcome, because HCV eradication reduces but does not abolish the risk of HCC[1,2]. However, the treatment response is generally low in patients with advanced fibrosis. In Japan, particular care should be taken in the management of side effects in such patients, who are usually older, have other comorbidities, and have worse tolerance. Currently, little data are available for the treatment of patients with decompensated cirrhosis. Interferon is contraindicated in this population because it may worsen hepatic function. Interferon-free regimens could benefit these patients, although the data are still sparse. In this review, recent data with regards to the efficacy and safety of newly developed direct-acting antiviral agents (DAAs) in patients with advanced fibrosis and compensated cirrhosis were collected and analyzed.

PEGINTERFERON/RIBAVIRIN TREATMENT IN PATIENTS WITH CIRRHOSIS

Peginterferon and ribavirin therapy had been the standard of care before the approval of protease inhibitors. The overall SVR rate is 40%-50% for individuals with genotype 1 HCV infection and is 70%-80% for individuals with genotype 2 and 3 infection in patients with chronic hepatitis. In patients with cirrhosis, the SVR rate is reported to be 22% for genotype 1 and 4 infections and 55% for genotype 2 and 3 infections in patients from 11 studies that were included in a systematic review[4]. In a sub-analysis of 2 randomized studies that compared peginterferon alpha-2a or -2b plus ribavirin with interferon alpha plus ribavirin[5,6], the SVR of peginterferon plus ribavirin was lower in patients with cirrhosis and a mixed HCV genotype compared with patients with no cirrhosis (43%-44% vs 57%-58%, respectively) (Figure 1). Bruno et al[7] reported that the SVR of patients with genotype 1 infection who were treated with peginterferon and ribavirin therapy was negatively affected by the Ishak fibrosis score; the SVR of score 1 was 61% while that of score 6 was 7% (Figure 1)[7]. In the analysis of 3 randomized international studies[8], the efficacy and safety of peginterferon alfa-2a and ribavirin were compared in patients with and without advanced fibrosis. In 341 patients who were infected with genotypes 1 and 4, the SVR was higher (60%) in patients without advanced fibrosis than in those with cirrhosis (33%), while in 818 patients who were infected with genotypes 2 and 3, the SVR was 76% and 57%, respectively (Figure 1). No significant differences were observed between patients with and without advanced fibrosis with respect to the incidence of serious adverse events. However, a statistically significant difference was noted in the incidence of platelet counts less than 50000/mm3 during treatment between patients with and without advanced fibrosis or cirrhosis; this was attributed largely to a significantly higher incidence of thrombocytopenia in patients with cirrhosis. 

FIRST-GENERATION HCV PROTEASE INHIBITORS PLUS PEGINTERFERON/RIBAVIRIN FOR HCV GENOTYPE 1 INFECTION
In 2011, the HCV NS3/4A protease inhibitors telaprevir and boceprevir, in combination with peginterferon and ribavirin were approved for the treatment of HCV. The efficacy and safety of a regimen that comprises first-generation inhibitors for cirrhosis was reviewed in detail by Bourliere et al[9] In the ADVANCE study, 363 treatment-naïve patients were treated with triple therapy including telaprevir for 12 wk (Table 1). Of these patients, 20% had bridging fibrosis or cirrhosis (METAVIR F3-4)[10]. The SVR rate in patients with cirrhosis/bridging fibrosis was lower than in the non-cirrhotic patients (62% vs 78%).This in turn was better than the SVR rate for patients who were treated with peginterferon and ribavirin alone - 33% in cirrhotic and 47% in non-cirrhotic patients. Similar results were observed in the ILLUMINATE study[11]. In the REALIZE study, 530 patients, including 25% of cirrhotic patients who experienced treatment failure after prior therapy, were treated with triple therapy with telaprevir[12]. The SVR rate was high (84-90%) in patients who experienced a relapse regardless of the presence of F3/4 fibrosis (44% of patients), while the SVR rate in partial responders or non-responders with F3/4 fibrosis was lower than in patients with F0-2 fibrosis (partial responders: 40%-44% vs 70%-75% for F3/4 and F0-2 fibrosis, respectively; non-responders: 22%-28% vs 31%-50% for F3/4 and F0-2 fibrosis, respectively). In all groups, the SVR rates for triple therapy were higher than the SVR rates for peginterferon and ribavirin regardless of the fibrosis status. Similar differences with respect to the treatment efficacy between cirrhotic and non-cirrhotic patients are observed for regimens that contain boceprevir. In the SPRINT-2 study, the SVR rate in treatment-naïve patients with F3/4 fibrosis was lower than patients with F0-2 fibrosis (41%-52% vs 67% for F3/4 and F0-2, respectively)[13]. In patients with F3/4 fibrosis, the SVR rate of triple therapy did not differ from that of peginterferon and ribavirin. In patients who experienced a prior relapse and in partial responders (RESPOND-2 study)[14], the SVR rates in non-cirrhotic patients were comparable or higher than those in cirrhotic patients (64%-66% vs 35%-77%, respectively); this was a better result than that of the cirrhotic patients who was treated with peginterferon and ribavirin alone (0%).
With regards to safety problems, triple therapy with telaprevir or boceprevir is associated with an increased rate of adverse events such as anemia, dysgeusia or rash compared with peginterferon and ribavirin alone. In the HEP3002 study, 1782 patients with HCV genotype 1 and bridging fibrosis or compensated cirrhosis were treated with triple therapy with telaprevir[15]. Overall, 31% of the patients developed grade 3-4 anemia, 4% developed grade 3-4 rash, and 12% discontinued telaprevir due to adverse events. Seven patients (0.4%) died, including 6 patients with cirrhosis. The authors concluded that in patients with compensated cirrhosis and advanced liver fibrosis due to HCV genotype 1 who fulfilled the selection criteria of the registration trials, 16 weeks of telaprevir triple therapy proved to be safe and well tolerated. However, the results in a real-life setting in France showed that triple therapy in treatment-experienced patients with cirrhosis was related to a high incidence (40%) of serious adverse events and of severe complications and death (6%), especially in patients with a low platelet count and a low serum albumin level[16]. The authors concluded that patients with cirrhosis require a careful follow-up during treatment due to the increase in side effects that are more common during treatment than in clinical studies[9]. 

SECOND-GENERATION HCV PROTEASE INHIBITOR PLUS PEGINTERFERON AND RIBAVIRIN

Simeprevir is a once-daily macrocyclic protease inhibitor that was initially approved in 2013 in the United States. In the QUEST-1/2 study[17,18], 521 treatment-naïve patients infected with genotype 1 were treated with simeprevir plus peginterferon and ribavirin (Table 1). Of these patients, 9% had cirrhosis. Again, cirrhotic (F4) patients had a lower chance of a SVR than non-cirrhotic (F0-2) patients (60% vs 84%), which was still higher than the SVR rate for those who were treated with peginterferon and ribavirin (34% vs 55%, respectively). In the PROMISE and ASPIRE studies that included treatment-experienced patients[19,20], the SVR rate of the simeprevir-containing regimen in patients with cirrhosis was comparable to or lower than that in non-cirrhotic patients - 73%-74% vs 82%-95% for patients who experienced relapse, 82% vs 79% for partial responders, and 31% vs 66% for null responders. The SVR rate for patients with cirrhosis who were treated with triple therapy with simeprevir was greatly improved compared to that in patients with cirrhosis who were treated with peginterferon and ribavirin alone (0%). In the ATTAIN study, which compared simeprevir with telaprevir, each in combination with peginterferon and ribavirin, similar SVR rates were observed, although the incidence of adverse events was lower in the simeprevir group than in the telaprevir group[21]. 

In clinical trials, adverse events that occur with simeprevir treatment were similar to those with peginterferon and ribavirin alone. In the PROMISE study[19], adverse events were reported in most patients regardless of fibrosis stage (100% for F3-4 vs 92-93% for F0-2; Table 2). The incidence of serious adverse events was low in both groups (1% vs 1%). Hepatic impairment is associated with substantial increases in exposure to simeprevir, which is also related to the increased frequency of adverse events; plasma exposure to simeprevir is 2- to 5-fold higher in HCV-uninfected subjects with Child-Pugh B or C cirrhosis than in those with normal hepatic function[22]. In the AASLD guideline, simeprevir-based treatment is not recommended for patients with decompensated cirrhosis (moderate or severe hepatic impairment; Child Pugh class B or C)[1]. 

HCV NS5B POLYMERASE INHIBITOR SOFOSBUVIR PLUS PEGINTERFERON AND RIBAVIRIN

Sofosbuvir is a nucleotide analog HCV NS5B polymerase inhibitor that was approved in 2013 in the United States[23]. A pharmacokinetic analysis in subjects who were treated with sofosbuvir for 7 d indicated that systemic exposure was approximately 2-fold higher in cirrhotic patients with moderate and severe hepatic impairment (Child-Pugh B and C) than in non-cirrhotic patients, with minimal change in the primary systemic inactive metabolite GS331007[24]. The viral decline with sofosbuvir in subjects with moderate (Child-Pugh B) to severe (Child-Pugh C) hepatic impairment was less profound than in non-cirrhotic patients.

In a phase 2 trial, the efficacy of sofosbuvir plus peginterferon alfa-2a and ribavirin were compared to peginterferon and ribavirin in non-cirrhotic, treatment-naïve patients infected with genotype 1 HCV[25]. The SVR rate at 12 wk (SVR12) in the sofosbuvir-containing arms were higher than in the peginterferon and ribavirin arm (90%-91% vs 58% for sofosbuvir and peginterferon and ribavirin, respectively). In phase 3, 327 treatment-naïve patients (mainly genotype 1, 89%) were treated with sofosbuvir plus peginterferon and ribavirin for 12 wk (NEUTRINO study)[26]. Of these patients, 17% had cirrhosis. The SVR12 rate in the non-cirrhotic patients was higher than in the cirrhotic patients (92% vs 80%, odds ratio 3). Adverse events were similar regardless of the presence of sofosbuvir. In patients with cirrhosis, only 1 of 54 discontinued the treatment with triple therapy that included sofosbuvir.

It was concluded by the manufacturer that cirrhosis had no clinically relevant effect on the exposure to sofosbuvir and that no dose adjustment was required for patients with mild, moderate or severe hepatic impairment (Child-Pugh A, B or C)[23]. However, efficacy seems somewhat worse in cirrhotic than in non-cirrhotic patients. Importantly, safety and efficacy have not been established in patients with decompensated cirrhosis. Decompensated cirrhosis has been considered a contraindication to interferon therapy.
INTERFERON-FREE REGIMENS IN CIRRHOTIC PATIENTS

The second-generation HCV NS3/4A protease inhibitor asunaprevir in combination with the HCV NS5A inhibitor daclatasvir was approved in Japan in 2014 for patients infected with HCV genotype 1b including patients who were null-responders to prior treatment, and those who were ineligible or intolerant of interferon. In a phase 3 trial, a total of 222 patients with genotype 1b HCV were treated with this regimen for 24 wk (AI447026, Table 3)[27]. Of these patients, 10% had cirrhosis. A SVR was achieved by 87% of interferon-ineligible or interferon-intolerant patients and by 81% of previous non-responders. A subgroup analysis indicated that the SVR rates in patients with cirrhosis and in those without cirrhosis were comparable (91% vs 84%).

In the HALLMARK-DUAL study (Table 3), 203 treatment-naïve, 205 interferon-non-responder, and 235 interferon-ineligible or interferon-intolerant patients infected with HCV genotype 1b were treated with this regimen[28]. Of these patients, 16%, 31% and 47% of treatment-naïve patients, interferon non-responders and interferon-ineligible/interferon-intolerant patients had cirrhosis, respectively. Overall, the SVR rate of the treatment-naïve group was slightly higher than that of the interferon-non-responder or interferon-ineligible/interferon-intolerant group (90% vs 82%). The SVR rates were similar in patients with (84%) and without cirrhosis (85%), irrespective of the patient group. The SVR rate in patients with baseline platelet counts between 50000/mm3 and less than 90000/mm3 was high (71%), but was slightly lower than that in patients without thrombocytopenia (86%). The most commonly observed adverse events were headache, fatigue, diarrhea, nausea, and asthenia. Serious adverse events that occurred during treatment were reported in 39 patients (6%), and similar incidences were reported across the different patient groups. Adverse events that led to the discontinuation of treatment occurred in 10 (2%) patients, and were mostly associated with higher transaminase levels (7 patients). Patients with and without cirrhosis had similar frequencies of alanine transaminase (ALT) (1% vs 3%) and asparate transaminase (AST) (1% vs 2%) that were increases greater than five times the upper limit of normal. In the AI447026 study, serious adverse events were observed in 9% of cirrhotic and 6% of non-cirrhotic patients (Table 3). Exposure to asunaprevir is 10- to 30-fold higher in HCV-infected subjects with moderate and severe hepatic impairment (Child-Pugh B and C) compared with those with normal hepatic function. Asunaprevir-containing regimen is not recommended in patients with decompensated cirrhosis.
SOFOSBUVIR-CONTAINING REGIMENS
Sofosbuvir and ribavirin

In a phase 2 trial, Osinusi et al[29] reported the efficacy of sofosbuvir plus ribavirin treatment for 24 wk in treatment-naïve patients who were infected with genotype 1 HCV[29] (Table 3). The SVR rate of the 37 patients with F0-2 fibrosis was 65%, while that of the 13 patients with F3-4 fibrosis was 38%. Advanced liver disease was associated with treatment relapse. In contrast, in patients who were infected with genotype 2 or 3 HCV, sofosbuvir and ribavirin therapy was shown to be highly effective. In the FISSION study, treatment-naïve patients who were infected with genotype 2 or 3 HCV were treated with this regimen for 12 weeks. In 73 patients with genotype 2 infections who were treated with this regimen, the SVR rate was higher than in the patients who were treated with peginterferon plus ribavirin (95% vs 78%)[26]. Liver cirrhosis was present in 16% of the patients in the sofosbuvir arm, and 83% of them achieved a SVR. 

In patients with genotype 3 HCV infections, the results of the 12-wk regimen was comparable to those after peginterferon and ribavirin treatment for 24 wk; however, the SVR rate was lower than in the patients with genotype 2 HCV infections. A total of 183 patients were treated with sofosbuvir and ribavirin. Of these patients, 16% had cirrhosis. The SVR rate in cirrhosis was 34% while that in non-cirrhosis was 61%. For the peginterferon and ribavirin arm, the SVR rate in patients with cirrhosis was 30% and that in patients without cirrhosis was 71%. 

In the POSITRON study, interferon-ineligible or interferon-intolerant patients were treated with sofosbuvir and ribavirin for 12 wk[30]. The result was similar to that of the FISSION study. In patients infected with genotype 2 HCV, the SVR rates were high in both the cirrhotic and non-cirrhotic patients (94% and 92%, respectively). In genotype 3 HCV-infected patients, only 21% of cirrhotic patients and 68% of non-cirrhotic patients achieved a SVR. 

In the FUSION study, patients who did not achieve a SVR after prior therapy were treated with sofosbuvir and ribavirin for 12 or 16 wk[30]. In patients infected with genotype 2 HCV, the SVR rate was 82% for the 12-wk arm and 89% for the 16-week arm. In an analysis of the small fraction of cirrhotic patients, 6 out of 10 (60%) patients in the 12-wk arm and 7 out of 9 (78%) patients in the 16-week arm achieved a SVR. In patients infected with genotype 3 HCV, the SVR rate in the 12-wk arm was low in both cirrhotic and non-cirrhotic patients (19% and 37%, respectively), while that in the 16-week arm was 61% and 63% in cirrhotic and non-cirrhotic patients, respectively.
In the VALENCE study, patients infected with genotype 2 HCV were treated with sofosbuvir and ribavirin for 12 wk while patients infected with genotype 3 HCV were treated for 24 wk[31]. Of the treatment-naïve patients, more than 90% achieved a SVR among the 32 genotype 2- and 105 genotype 3-infected patients. Two of the 2 genotype 2-infected patients with cirrhosis and 12 of 13 genotype 3-infected patients with cirrhosis achieved a SVR. In treatment-experienced patients, 90% of 41 patients with genotype 2 infections and 77% of 145 patients with genotype 3 infections achieved a SVR. In genotype 2-infected patients, 7 of 8 (87%) cirrhotic patients achieved a SVR. In genotype 3-infected patients, 27 of 45 (60%) cirrhotic patients achieved a SVR.

The most common adverse events (≥ 20%) that were observed after sofosbuvir plus ribavirin combination therapy were fatigue and headache. The discontinuation of treatment due to adverse events was uncommon - one patient in the FUSION study and 2% in the POSITRON study[30]. In the POSITRON study, the incidences of adverse events and laboratory abnormalities among patients with cirrhosis who received sofosbuvir and ribavirin were similar to those among patients without cirrhosis (Table 2). In the FUSION study, treatment-emergent serious adverse events were slightly higher in cirrhotic patients than in non-cirrhotic patients (11% vs 2% for 12-wk regimen and 6% vs 2% for 16-wk regimen, respectively).

Sofosbuvir plus ledipasvir with or without ribavirin

In a phase 2 trial referred to as the “LONESTAR” study (Table 3), the efficacy of a fixed-dose combination of sofosbuvir (400 mg) and the HCV NS5A inhibitor ledipasvir (90 mg), with and without ribavirin, was examined in patients with genotype 1 infection who were treatment-naïve (n = 60) or who were previously treated with a protease-inhibitor regimen (n = 40)[32]. Among them, 22 of the treatment-experienced patients had cirrhosis. The results showed that more than 90% of patients achieved a SVR irrespective of their treatment history or the presence of compensated cirrhosis. In the phase 3 ION-1 study[33], 865 genotype 1-infected treatment-naïve patients including 16% of patients with cirrhosis, were treated with this regimen. More than 90% of the patients achieved a SVR regardless of the presence of cirrhosis, inclusion of ribavirin, or treatment duration (12 wk or 24 wk). The ION-2 study consisted of 440 treatment-experienced patients who were infected with genotype 1 HCV, 20% of whom had cirrhosis[34]. In non-cirrhotic patients, the SVR rate was higher than 90% irrespective of the treatment duration and the inclusion of ribavirin. In cirrhotic patients, the SVR rate for the 12-wk regimen was 82%-86%, which was lower than that for the 24-wk regimen (95%-100%). A multivariate logistic regression analysis identified cirrhosis is as the only factor associated with treatment response. The most commonly observed adverse events included fatigue, headache, nausea, and insomnia. Serious adverse events were observed in 2%-3% of patients who were treated with a 12-wk regimen and in 3%-8% who were treated with a 24-wk regimen.
Sofosbuvir plus simeprevir with or without ribavirin

In the COSMOS study[35], the sofosbuvir and simeprevir combination therapy with or without ribavirin for 12 or 24 wk was tested in 81 previous non-responders with F0-2 fibrosis and in 87 treatment-naïve or previous non-responders with F3-4 fibrosis (Table 3). The SVR12 rate was high regardless of the fibrosis stage - 87% for patients with F0-1, 91% for patients with F2, 96% for patients with F3, and 93% for patients with F4 fibrosis. The most commonly observed adverse events were fatigue, headache, and nausea. Four patients (5%) in the 24-wk group discontinued treatment due to adverse events while no patients in the 12-wk group discontinued treatment. Serious adverse events that occurred during treatment were observed in 4 patients (5%) with F3-4 fibrosis and in 0 patients with F0-2 fibrosis. All 4 patients were treated with the 24-wk regimen, and 1 died. All serious adverse events and death were deemed unrelated to the treatment.

PARITAPREVIR, RITONAVIR, OMBITASVIR AND DASABUVIR WITH RIBAVIRIN FOR CIRRHOTIC PATIENTS

In the TURQUOISE-II trial (Table 3), the interferon-free combination of the following drugs was studied: the HCV protease inhibitor paritaprevir (ABT-450), the HIV protease inhibitor ritonavir, which was used as pharmacologic booster, the HCV NS5A inhibitor ombitasvir (ABT-267), the non-nucleoside HCV polymerase inhibitor dasabuvir (ABT-333), and ribavirin. This combination therapy was studied in 160 previously untreated and 220 previously treated adults with HCV genotype 1 infection and compensated cirrhosis (Child A, METAVIR score > 3 or Ishak score > 4)[36]. Overall, the SVR12 rate was 92% for the 12-wk regimen and 96% for the 24-wk regimen. The results were superior to the historical control rate of 47% (95% confidence interval: 41%-54%), calculated from the telaprevir-based regimen and weighted to reflect the population. Among the patients who were infected with genotype 1a HCV and who were prior null responders, 80% of the patients in the 12-wk group achieved a SVR. A multivariate logistic-regression analysis showed that a prior null response and genotype 1a infection were independently associated with a lower likelihood of SVR. The most common adverse events were fatigue, headache and nausea. Serious adverse events occurred in 5%-6% of the patients. Seven to 10% of the patients had hemoglobin levels of less than 10 g/dL. Overall, 2% of patients discontinued the treatment due to adverse events. The pharmacokinetics of each drug in HCV-uninfected subjects with hepatic impairment are complex. Among them, paritaprevir exposure is 1.6- to 10-fold higher in patients with moderate to severe hepatic impairment (Child-Pugh B, C) compared with patients with normal hepatic function. Therefore, paritaprevir-containing combination therapy is not recommended in these patients[37].
CONCLUSION

The EASL guidelines recommend an interferon-free regimen over an interferon-containing regimen in patients with compensated cirrhosis, while the AASLD guidelines recommend that treatment-naïve patients with compensated cirrhosis should receive the same treatment as that given to patients without cirrhosis[1,2]. In patients with advanced liver fibrosis or cirrhosis, the treatment should be prioritized and should not be delayed to prevent disease progression. The initially approved DAAs telaprevir and boceprevir are currently not recommended for the treatment of HCV due to the higher rate of adverse events associated with these drugs[1,2,38]. Currently, second-stream DAAs including second-generation HCV protease inhibitors such as simeprevir and asunaprevir, the HCV NS5B inhibitor sofosbuvir, and the HCV NS5A inhibitor daclatasvir have been approved; in addition, various combination regimens that include interferon and ribavirin have been developed. These DAAs-containing regimens improved the treatment efficacy in patients with both early and advanced liver disease. Furthermore, some regimens showed comparable efficacies and safety profiles between patients with and without cirrhosis. Interferon is contraindicated in patients with decompensated cirrhosis, and further studies are needed to establish optimal treatments for this population. In the future, interferon-free and ribavirin-free regimens with high efficacy and improved safety are expected for patients with advanced liver disease[39].
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Figure 1 Sustained virological response rates for treatment-naïve patients with cirrhosis who were treated with peginterferon and ribavirin. aComparison between cirrhosis/bridging fibrosis vs others; bComparison between an Ishak fibrosis score of 6 vs scores of 0-5; cData from 3 studies including the study by Fried et al[6] listed above; dComparison between cirrhotic patients vs those without advanced fibrosis. White column: Non-cirrhosis (without advanced fibrosis); Black column: Cirrhosis (with advanced fibrosis).
Table 1
Sustained virological response rates for cirrhotic patients who were treated with direct-acting antiviral agents against hepatitis C virus including peginterferon and ribavirin 

	Ref.
(Name of Trial)
	Regimen; genotype; number of patients (n)
	Tx history
	SVR rates


	SVR rates for P + R

	
	
	
	Cirrhosis vs Non-cirrhosis

	Jacobson et al[10] (ADVANCE)
	TVR + P + R;

G1; n = 363: P + R; n = 361 
	-
	62% vs 78%a

	33% vs 47%

	Sherman et al[11] (ILLUMINATE)
	TVR + P + R;

G1; n = 540 
	-
	63% vs 75%a
	

	Zeuzem et al[12] (REALIZE)
	TVR + P + R;

G1; n = 530: P + R; n = 132
	+
	Relapse; 84%-85% vs 83%-90%a
PR; 40%-44% vs 70%-75%
Null; 22%-28% vs 31%-50%
	12% vs 38%

10% vs 18%

5% vs 6%

	Poordad et al[13] (SPRINT-2)
	BOC + P + R; G1; n = 734: P + R; n = 363
	-
	41%-52% vs 67%a
	38% vs 38%

	Bacon et al[14] (RESPOND-2) 
	BOC + P + R; G1; n = 299: P + R; n = 76
	+; relapse or PR
	35%-77% vs 64%-66%
	0% vs 24%

	Jacobson et al[17]

Manns et al[18] (QUEST1/2)
	SMV + P + R; G1; n = 521: P + R; n = 264
	-
	60% vs 84%b,c
	34% vs 55%

	Forns et al[19] (PROMISE)
	SMV + P + R; G1; n = 260: P + R; n = 133
	+; relapse
	74% vs 82% b,c

	26 vs 41%

	Zeuzem et al[20] (ASPIRE)
	SMV + P + R; G1; n = 199: P + R; n = 66
	+
	Relapse; 73% vs 95% 
PR; 82% vs 79%
Null; 31% vs 66%
	0% vs 56%b
0% vs 8%

0% vs 23%

	Lawitz et al[25] (NEUTRINO)
	SOF + P + R; G1, 4-6; n = 327
	-
	80% vs 92%c
	


aComparison between cirrhosis/bridging fibrosis vs others, or between F3, 4 vs F0-2 (METAVIR score); bComparison between F4 vs F0-2 (METAVIR score); cData for SVR12. BOC: Boceprevir; G: Genotype; P: Peginterferon; PR: Partial response; R: Ribavirin; SMV: Simeprevir; SVR: Sustained virological response; TVR: Telaprevir; Tx; Treatment.
Table 2
Safety data of antiviral treatments for cirrhotic patients infected with hepatitis C virus
	Ref.
(Name of Trial)
	Regimen; genotypes; number of patients (n)
	Patient characteristics
	AE (serious AE) rate; 

cirrhosis vs non-cirrhosis

	Kumada et al[27] (AI447026)
	ASV + DCV; G1; n = 222
	IFN-intolerant/-ineligible or IFN-non-responders 
	(9% vs 6%)

	Forns et al[19] (PROMISE)
	SMV + P/RBV; G1; n = 260
	Treatment experienced; relapse
	100% vs 92%-93% (1% vs 1%)a

	Jacobson et al[30] (POSITRON, FUSION)
	SOF + RBV; G2-3; n = 408
	IFN-ineligible/-intolerant (POSITRON); 

IFN-failure (FUSION)

12-wk regimen

16-wk regimen
	97% vs 88%

(7% vs 5%)

86% vs 91%

(11% vs 2%)

88% vs 88%

(6% vs 2%)

	Lawitz et al[35] (COSMOS)
	SMV + SOF ( RBV for 12 or 24 wk; G1; n = 167
	F0-2; non-responders
F3-4; non-responders or naïve
	87% vs 88%

(5% vs 0%)


aComparison between F3-4 and F0-2 (METAVIR score) during the first 12 wk of therapy.
AE: Adverse event; ASV: Asunaprevir; DCV: Daclatasvir; G: Genotype; IFN: Interferon; P: Peginterferon; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; SVR: Sustained virological response; Tx: Treatment.
Table 3
Sustained virological response rates for cirrhotic patients who were treated with interferon-free regimens

	Ref.
(Name of Trial)
	Regimen; genotypes; number of patients (n)
	Patient characteristics
	SVR rates: Cirrhosis vs Non-cirrhosis

	Kumada et al[27] (AI447026)
	ASV + DCV; G1; n = 222
	IFN-intolerant/-ineligible, 

IFN-non-responsea
	91% vs 87%,

91% vs 79%

	Manns et al[28] (HALLMARK-DUAL)
	ASV + DCV; G1; n = 645
	Treatment naïve

IFN-non-responsea
IFN-intolerant/-ineligible
	91% vs 89%c

87% vs 80%

79% vs 84%

	Lawitz et al[32] (LONESTAR)
	SOF + LDV ( RBV; G1; n = 40
	Treatment experiencedb
	91% vs 100%c,d
100% vs 100%e

	Osinusi et al[29]
	SOF + RBV; G1; n = 50
	Treatment naïve
	38% vs 65%f

	Lawitz et al[26] (FISSION)
	SOF + RBV; G2-3; n = 256
	Treatment naïve; 12-wk regimen
	G2; 83% vs 97%c
G3; 34% vs 61%c

	Jacobson et al[30] (POSITRON, FUSION)
	SOF + RBV; G2-3; n = 408
	IFN-ineligible/-intolerant (POSITRON); 12-wk regimen

IFN-failureg (FUSION)

12-wk regimen

16-wk regimen
	G2 94% vs 92%c
G3 21% vs 68%c 

G2 60% vs 96 (90)%

G3 19% vs 37%

G2 78% vs 100 (92)%

G3 61% vs 63%

	Zeuzem et al[31] (VALENCE)
	SOF + RBV; G2-3; n = 323
	Treatment-naïve

12-wk regimen

24-wk regimen

Treatment-experienced

12-wk regimen

24-wk regimen
	G2 100% vs 97%c
G3 92% vs 93%c
G2 88% vs 91%

G3 60% vs 85%

	Lawitz et al[35] (COSMOS)
	SMV + SOF ( RBV for 12 or 24 wk; G1; n = 167
	F0-2; non-responders

F3-4; non-responders or naive
	F0-2; 90%c
F3-4; 94%

	Poordad et al[36] (TURQUOISE-II)
	Paritaprevir, Ritonavir, Ombitasvir

+ Dasabuvir + RBV 12 or 24 wk; G1; n = 380
	Treatment-naïve

Treatment-experienced

Relapse

Partial response

Null response
	94%c,h

98%

96%

91%


aNull or partial response during previous treatment; bPatients experienced triple therapy including telaprevir or boceprevir; cData for SVR12; dSVR rates for ribavirin-containing regimens; eSVR rates for regimens without ribavirin; fComparison between F3-4 and F0-1 (Knodell score); gRelapse, null or partial response to previous treatment; hAll patients included in the study had cirrhosis. ASV: Asunaprevir; DCV: Daclatasvir; G: Genotype; IFN: Interferon; LDV: Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir; SVR: Sustained virological response; Tx: Treatment.
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