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Abstract. Hepatitis C viral infection globally affects millions of people and commonly results 

in debilitating complications and mortality. Initial mainstay therapy consisted of pegylated 

interferon α (pegIFNα) with additional ribavirin that showed unsatisfactory cure rate, common 

side effects and complicated dosing, contributing to high discontinuation rate. Over the last 

few years, newer antivirals have been extensively studied, that are Direct-Acting Antivirals 

(DAAs). Specifically targeting viral protein mainly during replication phase, DAAs showed 

greater cure rate (commonly measured as sustained virologic response), improved safety 

profile and shorter treatment duration compared to traditional interferon-ribavirin therapy. 

Current guidelines have also included Interferon-free, often ribavirin-free, DAAs combinations 

that suggest promising outcomes. The current review highlights development of rapidly 

growing hepatitis C treatment including DAAs recommendations. 

1. Introduction 

To date, hepatitis C viral infection remains to be a global health challenge. Nearly 180 millions of 

people were infected worldwide, with reported debilitating complications as high as 25% including 

cirrhosis and hepatocellular carcinoma.[1] Worldwide, at least six major genomes (GT1-6) has been 

identified with genotype 1 (GT1) being the most common (49.1%) followed by genotype 3 (GT3) as 

the second most common (17.9%).[2] One parameter to mark successful HCV eradications has been 

the rate of sustained virologic response (SVR). HCV treatment is thus directed to improve SVR, 

prevent complications and to eradicate the virus, of which has been a challenging, but immensely 

growing task.[3] 

For many years, standard therapy consists of pegylated interferon α (pegIFNα) with additional 

ribavirin (RBV). In terms of SVR, this early era therapy showed poor rates and varied greatly among 

genomes. The SVR was 40% for GT1 and GT4.[4] Along with its unsatisfactory cure rate, reported 

side effects were also common thus promoting discontinuation rate. Newer regimens have been 

developed to improve cure rate, increase tolerability thus hopefully prevent complications. One of 

which is direct-acting antivirals (DAAs) agents that specifically target proteins responsible for specific 

viral pathogenesis. Later approach include interferon-ribavirin-DAAs regimen, also known as triple 

therapy, which further investigation showed several downfalls. In the current DAA era, recent 

recommendations approve interferon-free, some are ribavirin-free, DAAs combination, which mainly 

suggested according to its genotypes.[3] 
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2. Previous Interferon-Ribavirin Therapy 

Up until 2011, the combination of pegylated interferon α (pegIFNα) with ribavirin (RBV) has been 

used as a standard regimen for HCV, that consisted of 24-48 weeks of treatment duration.[5] 

Treatment outcome varied greatly among genomes. Despite being the most common, GT1 remains the 

most difficult to control, with SVR of only 40% following completion of 48 weeks standard 

therapy.[6] 

 

3. Development of Direct-Acting Antiviral (DAA) – first generation 

First generation NS3/4A PIs include telaprevir (TVR) and boceprevir (BOC) that had been approved 

in 2011 for treating GT1 infection. TVR and BOC promote viral clearance through inhibiting NS3/4A 

protease which responsible for viral replication.[7] 

To prevent viral resistance, which has been an inevitable issue in drugs discovery, first generation 

DAA (either TVR or BOC) was added to the traditional PEG-IFN/RBV which also known as ‘triple 

therapy’.[8] This approach greatly improve SVR of up to 75%, however observed effective in GT1 

only. Other than exclusively potent for GT1, side effects were also common that includes anemia, 

rash, and fatigue contributing to high drop off rate. Dosing was also complicated, being three times 

daily taken with fatty meals, as well as potentially altering drug-to-drug interactions especially in 

patients with comorbidities requiring multiple medications. Cirrhotic patients also did not respond 

well to therapy, with poorer SVR and more frequent side effects.[9] 

 

4. Newer Agents of DAAs 

 

4.1. NS3/4A protease inhibitors 

To improve performance and tolerability of first generation NS3/4A protease inhibitor (PI), newer 

generation PI has been developed that includes Simeprevir, Paritaprevir, Grazoprevir and the latter 

addition Asunaprevir, Voxileprevir, and Glecaprevir. This newer generation performs better in terms 

of efficacy especially within GT1, induces fewer side effects and allows lower therapeutic dosing. 

Simeprevir is newer first generation NS3/4A protease inhibitor, showing 80-81% SVR for GT1 

infection.[10] 

Second generation NS3/4A PI includes Grazoprevir. In vitro, Grazoprevir affects all genomes. As 

part of triple therapy, it showed SVR of 89-93% in non-cirrhotic GT1 infection.[11] 

 

4.2. NS5A inhibitors 

NS5A inhibitors include the pangenotypic Daclatasvir, and the more genome-specific Ledipasvir, 

Elbasvir, Ombitasvir, Velpatasvir, and Odalasvir. As part of triple therapy, Daclatasvir showed 

effectiveness in GT1 and GT4 infection.[12] Daclatasvir has also currently been studied in 

combination with other DAAs as a pangenotypic treatment, that is effective against all genome, hence 

simplifying treatment.[8] 

 

4.3. NS5B inhibitors 

The aforementioned combinations include NS5B inhibitors, namely sofosbufir and dasabuvir. Viral 

NS5B mediates RNA synthesis in viral replication phase. Sofosbuvir showed pangenotypic activity in 

vitro and in trials.[13] Remarkable SVR has also been shown in multiple trials when Sofosbuvir was 

given as part of triple therapy.[38-40] It also showed effectivity in GT2, 3 and 4 when ribavirin was 

added (interferon-free). Highest SVR was observed in GT2 and GT4 infection. Following 12 weeks 

therapy of Sofosbuvir and Ribavirin, around 86-97% GT2 patients achieved SVR. This high SVR 

however was not observed for GT3 and GT4 when 12 weeks treatment duration was applied. Longer 

duration study, the VALENCE trial, showed 85% SVR in GT3 (compared to 30% for 12-weeks 

treatment and 62% for 16-weeks treatment).[14] Trials investigating GT4 also showed 68-77% SVR 

in 12-weeks therapy and 90-93% in 24-weeks therapy. Phase III trial suggested for Sofosbuvir and 

Ribavirin combination, longer treatment duration is needed for GT3 and GT4 to improve SVR.[15] 
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5. Current DAAs recommendations 

To date, at least six major genomes with several subtypes have been identified.[20] Each possesses its 

own unique structure that demands different regimens approach. Table 1 and 2 includes current 

recommendations based on European Association for the Study of the Liver (EASL) and American 

Association for the Study of Liver Diseases (AASLD) of HCV treatment according to cirrhotic and 

treatment status.[8] The following section highlights current recommended combinations that have 

been developed specific to each genotype. 

 

Table 1. Current recommendations according to EASL and AASLD in HCV patients without 

    cirrhosis. 

Without cirrhosis 

Genotype Treatment-naive Duration Treatment-experienced Duration 

1 SOF/LDV 8-12 Weeks SOF/LDV +RBV 12 Weeks 

 SOF/VEL 12 Weeks SOF/VEL 12 Weeks 

 RTV–PTV/OBV/DSV +RBV 8-12 Weeks RTV–PTV/OBV/DSV +RBV 12 Weeks 

 GZR/EBR 12 Weeks GZR/EBR 12 Weeks 

 SOF + DCV 12 Weeks SOF + DCV +RBV 12 Weeks 

 SOF + SMV 12 Weeks SOF +SMV 12 Weeks 

2 SOF/VEL 12 Weeks SOF/VEL 12 Weeks 

 SOF + DCV 12 Weeks SOF + DCV 12 Weeks 

3 SOF/VEL 12 Weeks SOF/VEL +RBV 12 Weeks 

 SOF + DCV 12 Weeks SOF + DCV +RBV 12 Weeks 

4 SOF/LDV 12 Weeks SOF/LDV + RBV 12 Weeks 

 SOF/VEL 12 Weeks SOF/VEL 12 Weeks 

 RTV–PTV/OBV + RBV 12 Weeks RTV–PTV/OBV + RBV 12 Weeks 

 GZR/EBR 12 Weeks GZR/EBR 12 Weeks 

 SOF + DCV 12 Weeks SOF + DCV + RBV 12 Weeks 

 SOF + SMV 12 Weeks SOF + SMV + RBV 12 Weeks 

5/6 SOF/LDV 12 Weeks SOF/LDV+ RBV 12 Weeks 

 SOF/VEL 12 Weeks SOF/VEL 12 Weeks 

 SOF + DCV 12 Weeks SOF + DCV + RBV 12 Weeks 

 

Table 2. Current recommendations according to EASL and AASLD in HCV patients with cirrhosis. 

With cirrhosis 

Genotype 
Compensated: Treatment-naive/ 

treatment-experienced 
Duration Decompensated Duration 

1 SOF/LDV +RBV 12 Weeks SOF/LDV + RBV 12 Weeks 

 SOF/VEL 12 Weeks SOF/VEL+ RBV 12 Weeks 

 RTV–PTV/OBV/DSV +RBV 12/24 Weeks   

 GZR/EBR 12 Weeks   

 SOF + DCV+RBV 12 Weeks SOF + DCV + RBV 12 Weeks 

 SOF + SMV 12 Weeks   

2 SOF/VEL 12 Weeks SOF/VEL + RBV 12 Weeks 

 SOF + DCV 12 Weeks SOF + DCV + RBV 12 Weeks 

3 SOF/VEL 12 Weeks SOF/VEL + RBV 24 Weeks 

 SOF + DCV + RBV 24 Weeks SOF + DCV + RBV 24 Weeks 

4 SOF/LDV+RBV 12 Weeks SOF/LDV+ RBV 12 Weeks 

 SOF/VEL 12 Weeks SOF/VEL + RBV 12 Weeks 

 RTV–PTV/OBV + RBV 12 Weeks   

 GZR/EBR 12 Weeks   

 SOF + DCV+RBV 12 Weeks SOF + DCV + RBV 12 Weeks 

 SOF + SMV+RBV 12 Weeks   

5/6 SOF/LDV+RBV 12 Weeks SOF/LDV + RBV 12 Weeks 

 SOF/VEL 12 Weeks SOF/VEL + RBV 12 Weeks 

 SOF +DCV+RBV 12 Weeks SOF +DCV + RBV 12 Weeks 
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6. Special Population 

 

6.1. Hepatitis C viral infection  in chronic kidney disease 

Current management of HCV in patients with renal impairment includes combination of DAAs, often 

interferon-free. According to EASL recommendation in 2016, patients with mild to moderately 

impared renal functions (eGFR ≥30 ml/min/1.73 m2) requires no dose adjustment to several regimens, 

including SOF/RBV, SOF/LDV, SOF/VEL, RTV-PTV/OMB/DSV, GZR/EBR, SOF/DCV or 

SOF/SMV. Hence to be treated in a similar fashion as to non-CKD cases.[8] 

With a number of DAAs being excreted and accumulated in kidneys special considerations need to 

be made in severe renal impairment. In patients with eGFR <30 ml/min/1.73 m2), including stage 4 

and 5 CKD or hemodialysis patients, the use of the renally excreted sofosbuvir is not recommended. 

The TARGET-2.0 study showed progressive renal dysfunction in patients receiving sofosbuvir 

regimen. Thus, sofosbuvir-free regimens should be preferred in ESRD and hemodialysis patients. The 

RUBY-1 study confirmed the use of sofosbuvir-free regimen, that was ritonavir-boosted paritaprevir, 

ombitasvir and dasabuvir in GT1 infection, of which 65% received once daily 200 mg ribavirin vs 

35% did not. Following 12 weeks of treatment endpoint, SVR showed 90%.[16] The C-SURFER trial 

also studied sofosbuvir-free, grazoprevir and elbasvir regimen for 12 weeks, which showed similarly 

high 94% SVR.[17] 

 

6.2. Co-infection of hepatitis C and HIV 

Regimens for treatment of co-infection VHC-HIV are generally similar to those in VHC 

monoinfection, DAA-based therapy according to genotype. Therapy using DAA regimens can be done 

regardless of CD4. In PHOTON-1 study, combination of sofosbuvir and ribavirin for 12 and 24 weeks 

in genotype 1, 2, and 3 naïve patients, obtained 76% SVR12 for genotype 1 (24 weeks), 88% for 

genotype 2 (12 weeks), and 67% for genotype 3 (12 weeks); whereas for patients failing therapy, 

obtained 92% SVR12 for genotype 2 and 94% for genotype 3 with a duration of therapy for 24 weeks. 

A similar therapy was given in the PHOTON-2 study. in naive patients, combination of sofosbuvir 

and ribavirin for 12 weeks (genotypes 2) and 24 weeks for other genotypes gave SVR12 for 85% for 

genotype 1, 89% for genotype 2, 91% for genotype 3, and 84% for genotype 4; whereas in patients 

failing therapy, a combination of 24-week therapy gave 83% SVR12 in genotype 2 and 86% in 

genotype 3. Combination of elbasvir/grazosprevir therapy for 12 weeks were also shown to have 

satisfactory SVR12 in VHC-HIV coinfected patients, 94% for genotypes 1a, 96% for genotype 1b and 

genotype 4, 94% in non-cirrhotic patients, and 100% in cirrhotic patients.[18] 

 

7. Conclusions 

The last few years has shown rapidly growing discoveries in hepatitis C treatment. Previous 

interferon-ribavirin-first generation DAAs has not been a favorable options, leading to further 

investigation of DAAs combinations. DAAs combination has shown great SVR, some even achieved 

complete SVR. Recent trials have been directed to pangenotypic approach in an attempt to simplify 

treatment as ‘one-size-fits-all’. Results of ongoing trials are to be awaited; in the meantime, current 

recommendations have provided genome-specific treatment options with high cure rates and safety 

profile. 
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