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Current treatment of hepatitis C infection
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Abstract

Hepatitis C Virus (HCV) is a RNA virus causing HCV infection. HCV infection is an important
cause of cirrhosis, hepatocellular carcinoma (HCC), and death. Interferons were the first
agents used to treat HCV infection. Low success rates and serious side effects limited the
use of interferons. The discovery of direct-acting antivirals (DAAs), stemming from a deep
understanding of the virus’s structure, life cycle, and viral proteins, has led to significant
advancements in treatment. Currently, all patients infected with HCV can be treated with
a high success rate. Thanks to pangenotypic treatments, it is not necessary to determine
the genotype of the virus before treatment. DAAs are safer in terms of side effects.
Cirrhosis status, comorbidities, and drug-drug interactions should be considered when
planning treatment. The World Health Organization (WHO) aims to eliminate hepatitis C
infection by 2030. In order to achieve this elimination, patients need to be diagnosed and
receive effective treatment. DAAs are effective tools to achieve this aim. In this review,
the microbiology, epidemiology, diagnosis, and treatment of HCV infection are presented.
Treatment is described in detail from past to present.
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INTRODUCTION

Hepatitis C virus (HCV) is an enveloped RNA virus belonging to the Hepacivirus genus of the Flaviviridae
family (1). HCV was discovered in 1989, and the discovery led the scientists to win the 2020 Nobel Prize
in medicine (2). HCV genome encodes a single polyprotein, which is cleaved by viral and host proteases
into tenviral proteins (3). These proteins consist of two main categories: structural and non-structural.
Structural proteins are Core, E1 and E2. Non-structural proteins are proteases (NS2, NS3, and NS4A),
helicase (NS3), and RNA-dependent RNA polymerase (NS5B). NS5A is also a non-structural protein and
regulates viral replication and assembly (4,5).

Hepatitis C viruses are divided into six genotypes based on similarities in nucleotide sequences (6).
Genotypes are numbered in order of discovery date. Genotypes are also divided into subtypes, which
are indicated by lowercase letters. Genotype 1 is the most common and accounts for 46.2% of all HCV
cases (7). HCV genotyping has been important for determining treatment.

Hepatitis C infection is an important cause of cirrhosis, hepatocellular carcinoma (HCC), and death (8).
Acute hepatitis C infection is mostly asymptomatic and leads to chronic infection in 70-80% of cases,
and patients with chronic infection may develop complications such as cirrhosis and cancer (9). World
Health Organization (WHO) estimates that in 2023, 58 million people have chronic HCV infection (10).
The latest data on mortality is from 2019, and it is estimated that around 290,000 people died from
HCV infection in that year (10). Based on a study conducted in 2015, the regions with the highest HCV
prevalence in the world are the Eastern Mediterranean (2.3%) and Europe (1.5%) (11). In Turkey, HCV
prevalence is approximately 1% (12). In 2016, WHO approved the Global Strategy to eliminate HCV
infection by 2030 (13).

The main routes of transmission of HCV infection are parenteral and sexual (14). Risk factors for HCV
infection include blood transfusions performed during periods when donors were not screened (before
1992), intravenous drug use, hemodialysis, being born to an HCV-infected mother, tattoos performed
under inappropriate settings, and high-risk sexual behaviors (15). Since HCV is usually asymptomatic,
screening programs are important to identify people with chronic HCV infection. The American
Association for the Study of Liver Diseases— Infectious Diseases Society of America (AASLD-IDSA)
guidelines recommend testing for HCV at least once in a lifetime for all adults (16).

The incubation period of hepatitis C is 15-180 days. Approximately 20-30% of patients with acute HCV
infection exhibit symptoms. Symptoms include fatigue, nausea and vomiting, abdominal pain, and
jaundice. A fulminant course is very rare. HCV-RNA can be detected in serum one week after exposure
to the virus. ALT and AST rise rapidly two-eight weeks after infection. Anti-HCV occurs later (four-ten
weeks). The severity of the disease is not related to genotype, viral load, gender, or age (17). Chronic
HCV infection is usually asymptomatic. Approximately 70-80% of patients experience a stable course,
while 20-30% of patients develop cirrhosis. Roughly 5% of patients progress to decompensated cirrhosis
each year, while 1-2% of patients develop hepatocellular carcinoma (HCC) annually (18). Extrahepatic
manifestations may also be seen in chronic HCV infection. Some of these manifestations are essential
mixed cryoglobulinemia, leukocytoclastic vasculitis, membranoproliferative glomerulonephritis,
autoimmune thyroiditis, type 2 diabetes mellitus, and sensory or sensorimotor polyneuropathy (19).

Serological tests and nucleic acid amplification tests (NAATs) are used to diagnose HCV infection. Anti-
HCV antibodies are used as a screening test. The test methods include enzyme immunoassay (EIA),
chemiluminescence microparticle immunoassay (CMIA), and chemiluminescence immunoassay (CIA)
(20). In cases with positive anti-HCV antibodies, a quantitative or qualitative HCV-RNA test should
be performed to determine whether active infection is present. It should be kept in mind that the
window period in acute HCV infections is eight-eleven weeks, and anti-HCV antibodies may not be
detected during this period. On the other hand, HCV-RNA becomes positive within one-two weeks
after infection (21). After the discovery of pan-genotypic therapies, routine genotype analysis is no
longer recommended. Treatment is recommended for almost all HCV-RNA positive cases with few
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exceptions. All patients should be treated except those with a life expectancy of less than one year. After
the diagnosis of active HCV infection is made, patients should be evaluated for various factors such as
cirrhosis status, treatment experience, comorbidities, and concomitant medications (22).

Treatment

Interferons (IFN) were the first agents used in the treatment of HCV infection. IFN was first described in
1957. The use of IFN in the treatment of HCV coincided with the discovery of the virus (23). Given for 24
or 48 weeks, interferons were used alone until ribavirin was added to the treatment in 1998. Pegylated
IFNoa and ribavirin combination was the standard treatment in the 2000s. While sustained virological
response (SVR) was around 15-20% with IFN monotherapy, SVR increased to 40-50% with peg IFNa
-ribavirin combination. The numerous side effects of IFN therapy, including flu-like symptoms, bone
marrow suppression, muscle pain, and depression, have restricted its widespread use (24).

In 2011, the first direct-acting antivirals (DAAs), boceprevir and telaprevir, were approved by the FDA.
They were NS3/4A protease inhibitors (Pls) and were only effective for genotype 1. Boceprevir and
telaprevir bind covalently but reversibly to the NS3 serine proteaseto inhibit viral replication in HCV-
infected host cells. These DAAs, which should be used in combination with interferon-ribavirin therapy,
increased SVR to 70% but were not widely used due to their demanding dosing regimens and various
side effects (22).

After 2013, a new era in hepatitis C treatment has begun. The new DAAs that were licensed could be
used without IFN, and SVR rates exceeded 90%. After the discovery of pangenotypic therapies, the goal
of HCV elimination and eradication has made great progress (8,25). The new DAAs target various stages
of HCV replication. Drugs targeting NS3/4A protease include the suffix “-previr,","drugs inhibiting NS5B
polymerase have the suffix “-buvir” and NS5A inhibitors end with “-asvir” (26).

The sofosbuvir/ledipasvir combination was approved as a single tablet regimen in 2014. Ledipasvir, which
is @ NS5A inhibitor, is used at a dose of 90 mg and sofosbuvir 400 mg. Sofosbuvir is a pangenotypic
NS5B inhibitor. This combination is used to treat genotypes 1, 4, 5, and 6. Treatment is 12 weeks for the
indicated genotypes in treatment-naive, non-cirrhotic patients or patients with compensated cirrhosis.
For patients with decompensated cirrhosis, the duration of treatment is 12 weeks with ribavirin or 24
weeks without ribavirin. Sofosbuvir/ledipasvir has been associated with high 12 weeks SVR rates (>293%)
in both treatment-naive and experienced patients, regardless of treatment duration (8, 12, or 24 weeks)
or whether administered with or without ribavirin in genotype 1 infections. In genotypes 4, 5, and 6,
SVR is also >90%. The most common side effects reported with this treatment are fatigue, headache,
asthenia, and nausea (27).

Paritaprevir/ritonavir/ombitasvir with dasabuvir (PrOD) is a combination of the NS5A inhibitor ombitasvir
(OBV), the NS3/4A PI paritaprevir (PTV) boosted with ritonavir (r) and the NS5B polymerase inhibitor
dasabuvir (DSV). This treatment may be used with or without ribavirin. Treatment regimens according
to genotypes are as follows: Genotype 1b, with or without compensated cirrhosis (Child-Pugh A): PrOD
for 12 weeks; Genotype 1a, without cirrhosis: PrOD plus ribavirin plus ribavirin for 12 weeks; Genotype
1a, with compensated cirrhosis (Child-Pugh A): PrOD plus ribavirin plus ribavirin for 24 weeks; Genotype
4, without cirrhosis or with compensated cirrhosis (Child-Pugh A): Ombitasvir/paritaprevir/ritonavir plus
ribavirin for 12 weeks (no dasabuvir). Twelve weeks SVR rate is high (>95%). An advantage of this
regimen is that it is suitable for patients with end-stage kidney disease (28).

The Elbasvir/grazoprevir combination is in single tablet form and contains 50 mg elbasvir and 100 mg
grazoprevir. Elbasvir is an inhibitor of NS5A. Grazoprevir is an inhibitor of the NS3/4A protease. These
drugs are used for 12 weeks in genotype 1 and 4 infection. In various publications, SVR >95% has been
found. The most common adverse effects are fatigue and headache (29).

Sofosbuvir/velpatasvir/voxilaprevir combination is also available in single tablet form and contains
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400 mg sofosbuvir, 100 mg velpatasvir and 100 mg voxilaprevir. Sofosbuvir is a nucleotide analog
NS5B polymerase inhibitor, velpatasvir is an NS5A replication complex inhibitor, and voxilaprevir is an
NS3/4API. This combination is pangenotypic. For patients without cirrhosis, eight weeks of treatment is
recommended, and for patients with compensated cirrhosis, 12 weeks of treatment is recommended.
Real-life data of this triple combination therapy showed an SVR of up to 100% (30). The Sofosbuvir/
velpatasvir dual combination is also available as a single tablet. It is used for 12 weeks for all genotypes
(37).

The combination of Glecaprevir/pibrentasvir consists of 300 mg Glecaprevir and 120 mg Pibrentasvir. It
is taken as three tablets (100 mg Glecaprevir and 40 mg pibrentasvir in each tablet) once daily after a
meal. Both molecules have a pangenotypic effect. Treatment is given for eight weeks in non-cirrhotic and
compensated cirrhotic patients of all genotypes. SVR is >95%. This treatment is usually well-tolerated
by patients. The most common side effects are headache and fatigue (32).

In patients with decompensated cirrhosis, treatment options are sofosbuvir/ledipasvir and sofosbuvir/
velpatasvir with or without ribavirin (33). In non-cirrhotic patients previously treated with drugs other
than NS5A inhibitors, the duration of treatment is 12 weeks with sofosbuvir/velpatasvir/voxilaprevir or
eight weeks with glecaprevir/pibrentasvir. In compensated cirrhotic patients with previous treatment
experience using drugs other than NS5A inhibitors, the treatment duration is 12 weeks with sofosbuvir/
velpatasvir/voxilaprevir or 12 weeks with glecaprevir/pibrentasvir. In non-cirrhotic or compensated
cirrhotic patients with previous experience of treatment with NS5A inhibitors or Pls, the duration of
treatment is 12 weeks with sofosbuvir/velpatasvir/voxilaprevir or a total of 16 weeks with glecaprevir/
pibrentasvir with or without ribavirin. For patients with decompensated cirrhosis and HCV Genotype
la, Ib, 4, 5, 6 with previous experience of treatment with NS5A inhibitor or Pl drugs, the duration of
treatment with sofosbuvir/ledipasvir and ribavirin is 24 weeks (16).

Adolescents aged 12-17 years without cirrhosis or with compensated cirrhosis can be treated similarly
to adults, regardless of treatment experience. Combinations of sofosbuvir/velpatasvir or glecaprevir/
pibrentasvir can be used in treatment. In children aged 3-11 years, these treatments can be given with
dose adjustment according to weight (33).

Most DAAs are classified as pregnancy category B. However, there is not yet an approved HCV treatment
for pregnant women due to a lack of adequate data. Treatment may be considered on a case-by-case
basis (34). There are also some drug studies that have shown that DAAs are safe in pregnant women
(35). Breastfeeding of HCV-infected mothers is not contraindicated.

Patients with moderate (30<eGFR<60 ml/min/1.73 m?) or severe (eGFR <30 ml/min/1.73 m?) renal
insufficiency or patients on hemodialysis can be treated for HCV with the same regimens in the general
population (glecaprevir/pibrentasvir or sofosbuvir/velpatasvir) with no dosage adjustment (36).

Recently acquired HCV infection (also called acute HCV infection) is defined as the presence of anti-
HCV antibodies and/or HCV-RNA that were not present in previous tests up to 12 months. Acute HCV
infection is usually asymptomatic but has a high rate of chronicity. EASL and AASLD-IDSA guidelines
recommend treatment of recently acquired HCV infection with glecaprevir/pibrentasvir or sofosbuvir/
velpatasvir for eight weeks (16,33).

Patients should have a quantitative HCV RNA level before starting treatment and 12 weeks after
completion of treatment. An undetectable HCV RNA 12 weeks or 24 weeks after treatment is considered
a sustained virologic response (SVR12 and SVR24) and an effective cure for almost all patients. If
patients are not at risk of HCV reinfection, HCV RNA monitoring is not necessary after achieving SVR.
For patients with risk factors, HCV RNA measurements should continue to be performed every six
months for HCV reinfection. Patients with advanced fibrosis should be screened for HCC with ultrasound
and a-fetoprotein levels every sixmonths (37). Hepatitis B reactivation can occur during HCV treatment
in patients with HBV/HCV coinfection (38).
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CONCLUSION

Significant progress has been made on the hepatitis C virus, which was discovered about 35 years ago.
Hepatitis C infection has become a treatable disease with a very high success rate. Current treatments are
safe and provide >95% success rate with treatment durations of 8-12 weeks. All patients with hepatitis
C viremia should be evaluated thoroughly, and appropriate DAA should be initiated.
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