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Abstract:

Introduction: Hepatitis C Virus is a highly infectious and potentially fatal ailment resulting in liver
damage and inflammation, can be treated by anti-HCV medications. Latest updates in the
development of anti-HCV medications are required for robust clinical decisions.

Objective: To provide an overview of the most recent advancements in the pharmacological treatment
of HCV, this mini-review collected published data on recently approved drugs for HCV treatment
from research articles, focusing on identifying the most effective options for treating HCV.
Recently Approved anti-HCV medications: It was discovered that only four Direct Acting Antiviral
Agents (DAASs) have been approved by the FDA in recent years: Epclusa®, which contains sofosbuvir
and velpatasvir (NS5B and NS5A inhibitor); Zepatier®, which contains elbasvir and grazoprevir
(NS5B and NS3/4A protease inhibitor); Mavyret®, which contains glecaprevir and pibrentasvir
(NS3/4A protease and NS5A inhibitor); and Vosevi®, which contains sofosbuvir, velpatasvir, and
voxilaprevir (NS5B, NS5A, and NS3/4A protease inhibitor).

Conclusion: These drugs have demonstrated remarkable efficacy in treating HCV. However, the cost
of treatment with anti-HCV medications is prohibitive. Therefore, the development of cost-effective
anti-HCV drugs is required in the future. The unavailability of these advanced treatments in Pakistan
calls for strategic efforts to introduce these drugs while ensuring accessibility.
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Introduction

Hepatitis C is a highly contagious and deadly disease caused by the hepatitis C virus (HCV). HCV is
an enveloped, positive sense single stranded RNA virus that is spread from one person to another by
blood contact. The main target of HCV is the liver cells which causes inflammation of the liver [1-3].
HCV infection can be acute or chronic. In 70 percent of cases, HCV leads to a chronic infection.
Cirrhosis can develop in 15 to 30 percent of people within 20 years if they are not treated. A small
percentage of these go on to develop hepatic fibrosis and hepatocellular cancer. The chronic hepatitis
C virus infects an estimated 58 million individuals globally, with 1.5 million new cases diagnosed
each year. In Pakistan, the high incidence of hepatitis C poses a significant public health challenge.
The country ranks second globally in terms of hepatitis C prevalence, with Egypt being the only nation
with a higher prevalence rate. A study conducted in 2007 revealed that about 7% of individuals in the
Punjab province were impacted by hepatitis C, and the infection affected approximately 5% of the
total population nationwide [4,5]. The World Health Organization (WHO) estimates that hepatitis C
caused the deaths of more than 290,000 people in 2019. Hepatocellular carcinoma, primary liver
cancer, and cirrhosis were the most common causes of death in these people. Pakistan has the second
most noteworthy worldwide burden of HCV disease, with eight million of the population infected
with HCV [6].

Table 1: Classification and Taxonomy of HCV [1-3]
Taxonomy and Classification of HCV

Genome Positive  Sense  Single-Stranded
RNA

Family Flaviviridae Family

Genus Genus Hepacivirus

Genotypes Seven Genotypes

Subtypes Sixty-Seven Subtypes

Hepatitis C virus is treated with several direct-acting antiviral medicines (DAAs). During the life
cycle of HCV, DAAs targets viral non-structural proteins such as the viral RNA-dependent RNA
polymerase (Reverse transcriptase) NS5B, which catalyzes genome replication, the NS5A
phosphoprotein, which regulates RNA replication, and the NS3-4A protease, which is required for
the synthesis of the viral polyprotein. [1-3]. As, no vaccine is available for the prevention of HCV
the HCV must be controlled by treatment as preventative techniques, comprehensive screening
programs, and global access to treatment as long as a prophylactic vaccination is not available. More
than 95 percent of patients treated with combination therapy are cured. Persons over the age of 12
should be treated with pan-genotypic DAAs, according to the WHO [6].

For patients who have been infected with the HCV, the virus can be detected with an anti-HCV
antibody test. The American Association for the Study of Liver Diseases (AASDL) provides complete
and up-to-date information on HCV infection risk factors, diagnosing, assessing, and monitoring, as
well as new treatment advances [7].

Latest FDA approved drugs in Hepatitis C

Several DAAs which were approved by the Food and Drug Administration (FDA) USA in the past
few years for the pharmacological treatment of HCV include:

1. Epclusa® (Sofosbuvir and Velpatasvir)

2. Zepatier® (Elbasvir and Grazoprevir)

3. Mavyret® (Glecaprevir and Pibrentasvir)

4. Vosevi® (Sofosbuvir, Velpatasvir, and Voxilaprevir) [8,9]

Epclusa® (Sofosbuvir and Velpatasvir)
Epclusa® is the combination of two antiviral drugs sofosbuvir and velpatasvir which are NS5B and
NS5A inhibitors respectively. Epclusa® is used to treat HCV in adults with chronic hepatitis C. It is
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effective against HCV genotypes 1 to 6. It is used alone in patients who can’t have cirrhosis or in
combination with ribavirin (antiviral drug) in patients who have advanced cirrhosis. It comes in the
form of a fixed-dose combination tablet that is taken once a day [3,10-12].

The important safety concern of Epclusa® is HBV recurrence in coinfected patients, which is
uncommon but can occur with any HCV treatment. The effects of Epclusa® on pregnant or
breastfeeding women have not been studied. The major side effects of Epclusa® are headache, nausea,
fatigue, and slowing of heart rate in patients who already have heart disease [10,12].

Epclusa® is very effective in treating HCV. In comparison to none of the placebo patients, 99 percent
of patients with HCV genotypes 1, 2, 4, 5, and 6 who received sofosbuvir with velpatasvir experienced
a sustained virologic response (SVR). Sofosbuvir and velpatasvir had response rates of 95 percent
and 80 percent, respectively, and are more efficient than sofosbuvir with ribavirin in treating people
with genotype 3 HCV. When the patients have decompensated cirrhosis and they were given
sofosbuvir and velpatasvir in conjunction with ribavirin, 94 percent of them had a sustained virologic
response [10].
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Figure 1: Structure of Epclusa® (Sofosbuvir and Velpatasvir) [13]

Zepatier® (Elbasvir and Grazoprevir)

Zepatier® is the combination of two antiviral drugs elbasvir and grazoprevir which are NS5A and
NS3/4A protease inhibitor respectively. Adult patients with hepatitis C genotype 1 and 4 infection are
treated with it. It can be used in combination with or without ribavirin. It comes in the form of a fixed-
dose combination tablet that is taken once a day. It is also approved for usage in those who are infected
with the human immunodeficiency virus [3,14-16].

The major side effects of Zepatier® are headache, fatigue, nausea, and when taken with ribavirin it
can cause anemia. Zepatier® should not be used in pregnant women. Zepatier® is metabolized by the
cytochrome P450 3A enzyme system in the liver, which is affected by several medicines that either
stimulate or inhibit this system [14,16].

Zepatier's® effectiveness is very high in treating HCV. Across studies for the recommended treatment
regimens, overall, genotype 1-infected patients had an SVR response of 94-97 percent, while genotype
4-infected patients had an SVR response of 97 to 100 percent [16].
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Figure 2: Structure of Zepatier® (Elbasvir and Grazoprevir) [17]

Mavyret® (Glecaprevir and Pibrentasvir)

Mavyret® is the combination of two antiviral drugs glecaprevir and pibrentasvir which are NS5A and
NS3/4A protease respectively. Mavyret® is used for the treatment of adult patients who have chronic
HCV infection with genotypes 1, 2, 3, 4, 5, or 6 and don’t have cirrhosis or those patients who have
compensated cirrhosis. It comes in the form of a fixed-dose combination tablet that is taken once a
day [3,18-20].

The important safety concern of Mavyret® is HBV recurrence in coinfected patients. The effects of
Mavyret® on pregnant or breastfeeding women have not been studied. It may fluctuate the
international normalized ratio in warfarin taking patients. The major side effects of Mavyret® are
headache, tiredness, and nausea [18,20].

Mavyret® has high efficacy in the treatment of HCV. Patients with compensated liver disease and
have an infection with HCV genotype 1, 2, 3, 4, 5, or 6 had a sustained virologic response (SVR) or
undetectable hepatitis C virus viral load in between 93 and 100 percent of instances when treated with
Mavyret® [18].

Figure 3: Structure of Mavyret® (Glecaprevir and Pibrentasvir) [21,22]
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Vosevi® (Sofosbuvir, Velpatasvir and Voxilaprevir)
Vosevi® is the combination of three antiviral drugs sofosbuvir, velpatasvir, and voxilaprevir which
are NS5B, NS5A, and NS3/4A protease inhibitors respectively. It is used to treat adult patients with
early-stage or who don't have cirrhosis and who have chronic genotype 1, 2, 3, 4, or 6 hepatitis C
infections. It is used to treat HCV strains that have developed resistance to other first-line antiviral
treatments. It comes in the form of a fixed-dose combination tablet that is taken once a day [23,24].
In people using the amiodarone medicine, Vosevi® may induce a significant lowering of the heart rate.
Headache, fatigue, diarrhea, and nausea are the most common adverse effects of Vosevi® [24].
Vosevi® has excellent efficacy against HCV-resistant strains. SVR, which is defined as HCV RNA
below the lower threshold of quantification twelve weeks after the medication's termination, was the
primary effectiveness outcome [24].
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Figure 3: Structure of Vosevi® (Sofosbuvir, Velpatasvir and Voxilaprevir) [25]

Table 2: Summary of latest FDA approved DAAs for HCV [3, 8, 10, 11, 13, 14, 16, 18]

. FDA Indications
Sr. Drug Active Mechanisms Approval (HCV Adverse
No. Name Ingredients Effects
Date Genotypes)
Sofosbuvir and Sofosbuvi_r and _Chronic HCV ;i}ii;du?hﬁéusea
1.  Epclusa® . Velpatasvir (NS5B 6/2016 in Adults : ’
Velpatasvir s diarrhea, and
and NS5A inhibitor) (Genotype 1 to .
6) slowing of heart
rate
Elbasvir and Chronic HCV Headache
5 Zenatier® Elbasvir and Grazoprevir (NS5A 12016 in Adults fatique n,ausea
' P Grazoprevir and NS3/4A (Genotypes 1 gue, '
s anemia
protease inhibitor) and 4)
Glecaprevir Glecaprevir and icr:]hronlc A';Si:g Headache,
3. Mavyret® and Pibrentasvir 8/2017 (Genotype 1 to fatigue, and
Pibrentasvir (NS3/4A  protease 6) yp nausea
and NS5A inhibitor)
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4.

Sofosbuvir, Lowering of the
Sofosbuvir, Velpatasvir, and heart rate.
.o Velpatasvir, Voxilaprevir Chronic HCV Headache,
Vosevit and (NS5B,  NssA, 2917 in Adults fatigue,
Voxilaprevir NS3/4A  protease diarrhea, and
inhibitor) nausea.

Table 3: Summary of dosage, dosage form, treatment Cost and duration of treatment of latest

FDA approved HCV drugs [10,12,14,16,18,20,24,26]

Sr. Drug Active Dosage Dosage form gzitation ano?
No. Name Ingredients g g
Treatment
Eight-week
1. Epclusa®  Sofosbuvir  and g)?elzt?/f/)(iit(sper day 400mg/100mg tablets  course cost
Velpatasvir $50,000
One tablet per day,
Elbasvir and with  or  without Eight-week
2. Zepatier® Grazoorevir ribavirin, for 12 or 16 50mg/100mg tablets course cost
P weeks $40,000
For 8 to 16 weeks,
. three  tablets are Eight-week
3. Mavyret® Silk?feana;?s\\lllirr and taken once daily with  100mg/40mg tablets course cost
food $26,000
Sofosbuvir, Eight-week
4, Vosevi®  Velpatasvir, and %r:i;[ame\}vzgﬁzaday ff;(:gr:g/loomglloomg course cost
Voxilaprevir 9 $52,052
Conclusion
Several DAAs are approved by the FDA for the pharmacological treatment of HCV infection.

Recently in the last few years, four new DAASs agents are approved for the pharmacological treatment
of HCV by the FDA, which proved beneficial in controlling the HCV infection but the treatment cost
of these drugs is very high so, in the future, there is a need to develop Anti-HCV drugs which are both
beneficial against HCV infection and cost-effective. Additionally, these medications are presently
unavailable in Pakistan, emphasizing the need for concerted efforts to introduce them to the country

and
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