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Abstract 
Hepatitis C is an infection caused by the hepatitis C virus that attacks the liver and leads to in- 
flammation. The current standard-of-care regimens include a protease inhibitor—telaprevir or 
boceprevir—in combination with pegylated interferon and ribavirin. Hepatitis C treatment op- 
tions on the horizon hold promise for better viral clearance with less toxicity than current regi- 
mens. There are new data about new drugs, both direct-acting antivirals while minimizing into- 
lerable side effects or adverse events. Developed new data from 4 phase 3 trials with the hepati- 
tis C drug sofosbuvir and ribavirin show that a 12-week regimen is effective in treating HCV geno- 
types 1 through 6. In the Annual Scientific Meeting and Postgraduate Course of the American Col- 
lege of Gastroenterology, different research was presented that was drawn from 4 phase 3 studies: 
NEUTRINO, FISSION, POSITRON and FUSION which enrolled different types of patients, who re- 
ceived Sofosbuvir with Peginterferon Alfa 2a and Ribavirin for 12 or 24 weeks in treatment; for all 
studies, the primary end point was sustained virologic response at 12 and 24 weeks posttreatment. 
In all studies, sofosbuvir was well tolerated, with a low incidence of adverse events. In conjunction 
with the suggested brief duration of this regimen, this indicates that drug combinations should 
improve treatment adherence compared with IFN-based treatment. In conclusion, 2 novel direct- 
acting antiviral agents—sofosbuvir and simeprevir—target various components of the HCV ge- 
nome. Advantages of these drugs include a high barrier to viral resistance, a shorter duration of 
treatment, once-daily dosing, absence of food restrictions, few clinically significant drug interac- 
tions, and similar efficacy in all genotypes. 
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1. Introduction 
Hepatitis C is an infection caused by the hepatitis C virus (HCV) that attacks the liver and leads to inflammation. 
The World Health Organization (WHO) estimates that about 3% of the world’s population has been infected 
with HCV and that there are more than 170 million chronic carriers who are at risk of developing liver cirrhosis 
and/or liver cancer [1]. 

In 2011, the American Association for the Study of Liver Diseases (AASLD) issued an updated version of its 
practice guidelines for the treatment of chronic genotype 1 hepatitis C virus (HCV) infection [2]. The current 
standard-of-care regimens include a protease inhibitor—telaprevir or boceprevir—in combination with pegy- 
lated interferon (PEG-IFN) and ribavirin. Protease inhibitor-based strategies for patients with genotype 1 HCV 
have led to high rates of sustained virologic response (SVR); however, there are several recurring concerns [2]. 

The disadvantages of IFN treatment are well known. Moreover, this strategy presents a complex and pro- 
longed therapeutic course (24 - 48 weeks), low tolerability, and a low barrier to resistance, and reduced efficacy 
in prior null responders or cirrhotic patients. These regimens are not an option for many patients because of con- 
traindications or intolerability to IFN [3]-[5]. 

Hepatitis C treatment options on the horizon hold promise for better viral clearance with less toxicity than 
current regimens. There are new data about new drugs, both direct-acting antivirals and for some investigational 
agents used in combination regimens for patients with genotypes 1 to 4 hepatitis C. Several trials suggest the 
potential for interferon- and ribavirin-free all-oral regimens for genotypes 2 and 3 hepatitis C, and there is a va- 
riety of new combinations for the hard-to-treat genotype 1 [6]. 

To address these concerns, there has been a massive effort to create the ideal agent or strategy for use in up- 
dated therapeutic efforts. The pace of discovery has been unprecedented, and several agents are in the later 
phases of development. The approach has discovered drugs that directly target various aspects of the HCV life 
cycle—hopefully leading to combinations of agents that will more effectively treat patients, while minimizing 
intolerable side effects or adverse events. 

2. Developed 
Patients with acute hepatitis C virus (HCV) infection appear to have an excellent chance of responding to 6 
months of standard therapy with interferon (IFN). Because spontaneous resolution is common, no definitive 
timing of therapy initiation can be recommended; however, waiting 2 - 4 months after the onset of illness seems 
reasonable. 

Treatment of chronic HCV infection has 2 goals. The first is to achieve sustained eradication of HCV (i.e., 
sustained virologic response [SVR]), which is defined as the persistent absence of HCV RNA in serum 6 months 
or more after completing antiviral treatment. The second goal is to prevent progression to cirrhosis, hepatocellu- 
lar carcinoma (HCC), and decompensated liver disease requiring liver transplantation [7]. 

An open-label phase 3 study conducted in Japan evaluated -oral interferon- and ribavirin-free triple combina- 
tion of the investigational NS5A replication inhibitor daclatasvir, the NS3 protease inhibitor asunaprevir, and the 
non-nucleoside NS5B polymerase inhibitor BMS-791325. The regimen was compared in 135 interferon-ineligi- 
ble or -intolerant patients with genotype 1b hepatitis C and 87 nonresponders to interferon and ribavirin. Sus- 
tained viral response at 24 weeks was better in the ineligible or intolerant group than in the nonresponders (87.4% 
vs 80.5%). Serious adverse events occurred in 5.9% of patients, and 5.0% discontinued treatment because of 
adverse events— 90% of which were related to liver enzyme elevation [8]. 

A 12-week phase 2b study evaluated the same triple combination in 166 treatment-naïve patients with geno- 
type 1 hepatitis C. Sustained viral response at 12 weeks, considered to be a cure, was achieved in more than 90% 
of the 15 patients with genotype 1a or 1b and in the 151 with or without cirrhosis [8]. 

New data from 4 phase 3 trials with the hepatitis C (HCV) drug sofosbuvir (SOF) and ribavirin (RBV) show 
that a 12-week regimen is effective in treating HCV genotypes 1 through 6. Twenty-four-week sustained viro- 
logic response (SVR) is essentially identical to 12-week SVR, bolstering confidence that the drug combination 
represents a cure. Those with genotype 3 infections are better served with a 16-week course of treatment [9]. 

The new work extends the results of the studies out to 24 weeks after treatment cessation. Twenty-four weeks 
was the traditional milestone for HCV treatments, but in recent years, the US Food and Drug Administration and 
industry have gravitated toward the 12-week time point. However, with new drugs set to greatly affect HCV 
treatment, it is important to consider this older benchmark [9]. 
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In the Annual Scientific Meeting and Postgraduate Course of the American College of Gastroenterology, pre- 
sented in San Diego, California, at October 15, 2013, was presented different research that drew from 4 phase 3 
studies: Sofosbuvir With Peginterferon Alfa 2a and Ribavirin for 12 Weeks in Treatment-Naive Subjects with 
Chronic Genotype 1, 4, 5, or 6 HCV Infection (NEUTRINO), which enrolled treatment-naive patients with ge- 
notype (GT) 1, 4, 5, and 6 infection, each of whom received 12 weeks of SOF, peg-interferon (PEG), and ribavi- 
rin (RBV); Phase 3 Study of Sofosbuvir and Ribavirin (FISSION), which enrolled treatment-naive GT 2/3 pa- 
tients to receive either 12 weeks of SOF + RBV or 24 weeks of PEG + RBV; GS-7977 + Ribavirin for 12 weeks 
in Subjects with Chronic Genotype 2 or 3 HCV Infection Who Are Interferon Intolerant, Interferon Ineligible or 
Unwilling to Take Interferon (POSITRON), which enrolled GT 2/3 patients unable or unwilling to receive in- 
terferon, who were randomly assigned to receive 12 weeks of SOF + RBV or placebo; and Sofosbuvir + Ribavi-
rin for 12 or 16 weeks in Treatment Experienced Subjects with Chronic Genotype 2 or 3 HCV Infection 
(FUSION), which enrolled treatment-experienced GT2/3 patients who received 12 or 16 weeks of SOF + RBV. 
[10] 

For all studies, the primary end point was sustained virologic response (HCV RNA < 25 IU/mL) at 12 weeks 
posttreatment (SVR12) (Table 1). 

Compensated cirrhosis at baseline was found in 17% of patients in the NEUTRINO study, 21% in FISSION, 
18% in POSITRON, and 33% in FUSION. 

In all studies, SVR12 was higher in patients without cirrhosis. Patients with GT 2 experienced higher SVR12 
rates than those with GT 3. 

SVR24 rates were similar to SVR12 rates (Table 2). 
 

Table 1. 12-week SVR rates. 

 

GT 1, 4, 5, 6 GT 2 and 3 

NEUTRINO FISSION POSITRON FUSION 

SOF/PEG/RBV  
(n = 327) 

SOF/RBV  
(n = 253) 

PEG/RBV  
(n = 243) 

SOF/RBV  
(n = 207) 

Placebo  
(n = 71) 

SOF/RBV 12 week 
(n = 100) 

SOF/RBV 16 week 
(n = 95) 

Overall 91% 67% 67% 78% 0% 50% 73% 

GT 2 N/A 97% 78% 93% 0% 86% 94% 

GT 3 N/A 56% 63% 61% 0% 30% 62% 

Noncirrhotic 93% 72% 74% 81% 0% 61% 76% 

Cirrhotic 80% 47% 38% 61% 0% 31% 66% 

 
Table 2. SVR12 vs SVR24. 

 SVR12 SVR24 

Treatment-naïve patients   
GT 1, 4, 5, 6 overall 91% 91% 

GT 1 90% 90% 

GT 4 96% 96% 

GT 5 and GT 6 100% 100% 

Treatment-naive and experienced GT 2, 3 patients   
Treatment-naive 67% 67% 

Interferon unable 78% 78% 

Previously treated (12 week regimen) 51% 50% 

Previously treated (16 week regimen) 73% 72% 
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The additional data back up the 12-week SVR. “In all the studies, the 24-week results are almost identical [to 
the 12-week SVR]. We detected durability of that response,” said Dr. Kowdley. The studies also suggest that 
interferon is not needed to achieve SVR in genotypes 2 and 3, although Dr. Kowdley said that trials of interfe- 
ron-sparing regimens are underway [10]. 

3. Verification for Sofosbuvir 
Sofosbuvir, an orally administered nucleotide analogue inhibitor of the HCV NS5B polymerase, exerts potent 
antiviral activity against HCV genotypes 1 through 6. This drug is meant to be taken once daily at a dose of 400 
mg. Sofosbuvir has been extensively studied in various patient populations in combination with PEG-IFN/riba- 
virin, as well as with other direct-acting antiviral agents in treatment-naive patients with genotype 1 HCV infec- 
tion [11]-[15]. 

The FDA advisory committee reviewed primary efficacy and safety data from a series of clinical trials. The 
data supported the possibility of effectively treating HCV infection with a brief, well-tolerated, all-oral, once- 
daily regimen that has no known safety issues and no resistance development. Phase 3 trials of sofosbuvir in 
treatment-naive patients with hepatitis C virus genotypes 1 through 6 demonstrated that patients with genotype 1 
infection have excellent treatment response that is superior overall to published response rates for combination 
therapy and currently available triple therapies. For patients with genotypes 2 and 3, efficacy was similar be- 
tween an IFN-free sofosbuvir regimen and a standard PEG-IFN/ribavirin regimen [14] [15]. 
More evidence for Sofosbuvir 

Numerous studies have emerged; a brief overview of a few representative studies of sofosbuvir in combina- 
tion with other direct-acting antiviral agents is offered here: 
• Sofosbuvir was combined with simeprevir with and without ribavirin; SVR rates of 93% - 96% were re- 

ported [14]. 
• Sofosbuvir plus the NS5A inhibitor daclatasvir led to SVR at 12 weeks (SVR12) rates of 86% - 100% [16]. 
• Ledipasvir is a novel HCV NS5A inhibitor that has shown potent antiviral activity against genotypes 1a and 

1b HCV infection [17] [18]. It is active against HCV with the S282T mutation, the only variant known to 
reduce susceptibility to sofosbuvir [19]. All treatment-naive patients and prior null responders (noncirrhotic) 
who received 12 weeks of sofosbuvir and ledipasvir plus ribavirin achieved high SVR12 rates (95% - 100%). 
Patients treated for 12 weeks had a similar response to patients who received 8 weeks of therapy, suggesting 
that this shorter treatment strategy might be sufficient for noncirrhotic patients who have not previously been 
treated for HCV. 

In all of these studies, sofosbuvir was well tolerated, with a low incidence of adverse events. In conjunction 
with the suggested brief duration of this regimen, this indicates that drug combinations should improve treat- 
ment adherence compared with IFN-based treatment. Traditional predictors of response, such as IL28B geno- 
type and baseline viral load, do not seem to affect response rates. Other large multicenter trials are under way, 
designed to address the optimal treatment combination and duration, the need for ribavirin, and the efficacy in 
patients with compensated cirrhosis in both treatment-naive and previously treated patients [19]. 

4. Data on the Drug 
Presentations offered at the AASLD’s Liver Meeting 2013 abetted the data submitted to the FDA. Several stu- 
dies reported pan-genotypic efficacy and safety of sofosbuvir, as well as other potential uses for this agent in 
various drug combinations and in various populations, including the following [2]: 

In a phase 3 trial, 12 weeks of sofosbuvir plus ribavirin demonstrated high SVR rates in a predominantly 
treatment-experienced patient population with genotypes 2 and 3 HCV infection, with higher response rates in 
patients infected with genotype 2 than in those infected with genotype 3 HCV [20]. 
• In a phase 2, randomized, open-label study, the combination of sofosbuvir plus simeprevir plus ribavirin for 

12 or 24 weeks in patients with HCV genotype 1 infection resulted in high SVRs. This study included null 
responders and patients with cirrhosis [21]. 

• Sofosbuvir plus ledipasvir given in a fixed combination elicited a rapid decline in HCV RNA levels in all 
patient populations, with no viral breakthrough. In treatment-naive patients with genotype 1 infection and 
without cirrhosis, a reduction in duration of therapy from 12 to 6 weeks increased the rate of relapse [22].  
In genotype 1-infected patients who were prior null responders and had cirrhosis, the addition of ribavirin to 
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sofosbuvir and ledipasvir reduced the rate of relapse. 
• Treatment-naive patients with HCV genotype 2 and 3 who were coinfected with HIV achieved high SVR12 

rates with an IFN-free, oral regimen of sofosbuvir plus ribavirin [23]. The SVR12 rates were 76% among 
patients with HCV genotype 1, 88% among those with genotype 2, and 67% among those with genotype 3; 
these are similar to the rates observed for patients infected with HCV only. These preliminary data suggest 
that sofosbuvir plus ribavirin treatment was well tolerated and safe, even with the coadministration of mul- 
tiple antiretroviral drugs. 

A Markov model, developed to evaluate the long-term outcomes of sofosbuvir-based therapy for HCV infec- 
tion, indicated that regimens incorporating this agent are highly effective in preventing progression to advanced 
liver disease [24]. 

5. New Opportunities Bring New Challenges 
Recurrence of HCV infection is the most common cause of graft loss and mortality in HCV-infected liver trans- 
plant recipients. IFN-based post-transplantation antiviral regimens, including those using protease inhibitors, are 
poorly tolerated and achieve SVRs that are lower than those in nontransplant patients. 

Administration of sofosbuvir plus ribavirin after liver transplantation in the setting of established HCV recur- 
rence was well tolerated, and approximately 80% of patients achieved an early SVR at 4 weeks. There were no 
episodes of rejection or drug interaction, and there was no apparent effect of sofosbuvir on serum levels of im- 
munosuppressive medications, offering the potential for an all-oral therapy for treatment of HCV infection after 
liver transplantation [25]. Sofosbuvir and ribavirin may, in fact, be used in the pretransplant phase to prevent 
recurrence of HCV infection after transplantation [26]. 

The availability of these agents will provide unprecedented opportunities for off-label use of these therapies in 
many patients, including those with decompensated cirrhosis or chronic kidney disease, pediatric populations, 
and those with HIV coinfection. Because many of these populations represent relatively small numbers of pa- 
tients with HCV, it may be difficult to accumulate the requisite data and possibly cost-prohibitive for manufac- 
turers to apply for FDA approval [27]. 

The bottom line is that simpler, shorter, and safer strategies for treatment of patients infected with HCV are at 
hand. 

6. Conclusion 
At end, 2 novel direct-acting antiviral agents—sofosbuvir and simeprevir—target various components of the 
HCV genome. Advantages of these drugs include a high barrier to viral resistance, a shorter duration of treat- 
ment, once-daily dosing, absence of food restrictions, few clinically significant drug interactions, and similar ef- 
ficacy in all genotypes. This will offer clinicians new options as well as new challenges. A recent review ad- 
dressed some of these anticipated issues, such as the off-label use of HCV medications and the roles of the FDA, 
consumer pressure, medical society guidelines, and third-party payers [27]. 
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