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Hepatitis C virus infection: Epidemiology in Egypt, Pathophysiology and Daclatasvir-based
therapy
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ABSTRACT

Hepatitis C virus (HCV) was first identified in 1989. The situation in Egypt is dire. The prevalence of HCV
genotype 4 (GT-4) is 14.7 percent. About 10% of the middle-aged population (ages 15 to 59) is infected with HCV.
As a result, the Hepatitis C virus is considered extremely contagious. The introduction of the directly acting
antiviral medications (DAAS), sofosbuvir or simeprevir, in GT-4 patients with PEGylated interferon (PEG-IFN) and
ribavirin (RBV) in a 12-week regimen substantially increased sustained virological response (SVR) rates for HCV
GT-4 in 2014. Daclatasvir (DCV) is the first DAA identified in the family of HCV NS5A inhibitors with antiviral
activity against a variety of HCV genotypes. It is well-tolerated and safe, with a low risk of drug-drug interactions
and resistance. Many investigations have discovered a rapid initial viral decline followed by a gradual decline in
viral RNA, demonstrating DCV's inhibitory effect on viral reproduction, assembly, and secretion. DCV is a
CYP3A4 substrate as well as a substrate for P-glycoprotein (P-GP), the most common drug efflux transporter, which
are both expressed in hepatocytes and enterocytes, however, it is not a BCRP substrate (Breast Cancer Resistance
Protein). Concomitant treatment of DCV with other medications targeting CYP3A4 or P glycoprotein may change
its pharmacokinetic characteristics.
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More than half of all HCV infections are detected

1. Introduction - i }
before severe liver fibrosis develops [4]. As a

Hepatitis C virus (HCV) is a blood-borne result, in Europe and America, HCV is the most
virus that is quite prevalent. HCV infects about common reason for liver transplantation [3, 5]. In
200 million individuals worldwide, with the chronic patients, early diagnosis of HCV and
majority of cases occurring in Asia and Northern effective therapeutic therapy can prevent these
Africa [1]. Around 80% of infected patients consequences, improve their health, and lower
acquire chronic HCV infection [2], with their morbidity and mortality [6].
approximately 20% developing liver

In HIV-positive individuals on antiretroviral
treatment, HCV s currently the leading cause of
death [7]. It has been proven that during the next
20 years, fatalities from liver disease caused by

consequences such as fibrosis, hepatocellular
carcinoma, cirrhosis, and end-stage liver disease

(3].
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HCV infection would continue to rise [8]. HCV
comes at tenth to seventh place as a cause of
death globally between 1990 and 2013,
surpassing HIV infection, malaria, and TB [9].

There are geographical variations in HCV
prevalence, with Egypt and Mongolia having the
highest rates of infection (15%). Contamination
was mostly nosocomial in those nations, either to
a lack of hemovigilance in Mongolia or the
systematic treatment of schistosomiasis without
single-use equipment in Egypt [10]. Other
regions, such as West Africa and Central Africa,
are heavily infested, with 5-8% of the population
infected, not just as a result of nosocomial
infection but also as a result of specific
“folkloric” behaviors (scarification, excision, and
cupping in Japan or barber in Sicily) [10].

2. HCV Epidemiology in Egypt

HCV is now infecting around 2% of the
world's population [11]. The situation in Egypt is
quite precarious. The highly contagious blood-
borne virus affects at least one out of every ten
people aged 15 to 59 years old [12]. When HCV
antibody testing became widely accessible in
1992, 10.8% of first-time blood donors in Egypt
tested positive for the virus [13]. Many estimates
of HCV prevalence have been published since
then, including the Egyptian Demographic Health
Survey (EDHS) [14, 15]. The rural lower and
upper Egypt governorates had the highest
prevalence (19.5% and 28.4%, respectively),
whereas the border and urban governorates had
the lowest incidence (5.9% and 8.2%,
respectively) [16].

HCV has seven main genotypes, which are
numbered one through seven [17]. Type 4 (73
percent) is the most common genotype in Egypt,
followed by genotype 1 (26 percent). Mixed
HCV genotype infection was detected in 15.7
percent of patients in Egypt [18]. In Central and
West Africa, as well as the Middle East,

genotype 4 is the most common. Due to
variations in population structure, immigration,
and transmission pathways, HCV 4 infection has
recently expanded in Africa, the Middle East, and
numerous western nations, notably in Europe
[19].

3. Risk Factors and Transmission
3.1 History of Anti Schistosoma Injection

Schistosomiasis was a prevalent parasite
illness in Egypt [20], and it was spread by
swimming or strolling in filthy water channels.
Egypt's hepatitis C pandemic began decades ago
when glass syringes used in large schistosomiasis
immunization programs were not adequately
sanitized [21]. Despite the reduction in
schistosomiasis-related morbidity, Egypt had a
widespread HCV infection, which had replaced
schistosomiasis as the leading cause of liver
disease [22]. When compared to those who had
not gotten a schistosomiasis injection, active
infection rates are notably high among those who
had had at least one [15].

3.2 Age

Different studies have shown a significant
increase in HCV prevalence with age [23].

3.3 Gender

Males have a higher prevalence of HCV
infection than females. These differences might
be attributed in part to parenteral anti-
schistosomiasis programs (PAT), which targeted
males who were more infected with
schistosomiasis and so were the major focus of
these efforts [24].

3.4. Geographical Differences

The prevalence of the disease was found to
be higher in rural regions than in metropolitan
areas. These differences might be attributed in
part to the PAT efforts, as schistosomiasis was
more prevalent in rural regions [25].
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3.5. Injection Therapy

For any other indication, like hemorrhoids or
urinary incontinence [24].

3.6. Hospital-based Procedures
3.6.1. Blood transfusion

Blood transfusion was the most prevalent
method for HCV transmission in Egypt before
1994 [26]. Blood and blood products were tested
for HCV after 1994, removing the possibility of
HCV transmission through this method [21].

3.6.2. Other procedures

HCV vwulnerability is increased by exposure
to certain facility-based medical treatments [15].
Many studies have linked surgical treatments,
prenatal care, and dental therapy to HCV
transmission [27].

3.6.3. Occupational hazards

Transmission among health care workers
through needle sticks and sharp injuries is very
common in Egypt [28].

3.7. Community-based Risk  Factors

(Intrafamilial and sexual transmission)

The risk of HCV infection was higher among
HCV patients' household contacts [29]. El-
Bendary et al. [30] conducted a pilot
investigation of the epidemiological features of
HCV virus transmission among families in the
Egyptian community in 2014. They revealed that
intrafamilial interaction has a significant role in
HCV transmission in Egypt. Family interaction,
sexual conduct, and the shared use of personal
utensils are all potential sources of transmission.

3.8. Intravenous Drug Using (IDU)

In many countries, intravenous drug use is
the leading cause of HCV prevalence [31]. IDU,
on the other hand, may account for around 1% of
HCV prevalence in Egypt [32].

4. HCV Pathophysiology in liver

HCV is an enveloped ribonucleic acid (RNA)
virus that targets liver cells and has ten protein-
coding genes. The viral proteins induce an
immunological response, which causes cytotoxic
CD4 T cells to become activated. To prevent
future infection, these cytotoxic T cells go out
and lyse infected hepatocytes with viral proteins
on their surface. This inflammatory reaction in
the host is thought to cause liver cirrhosis and,
eventually, hepatocellular cancer [33]. HCV
belongs to the Flaviviridae family and the
Hepacivirus genus [34]. HCV virions have a
diameter of 45-65 nm and are encased in a lipid
bilayer containing two envelope glycoproteins
(E1 and E2). The envelope encases the non-
icosahedral nucleocapsid, which includes a
positive-strand RNA genome of about 9.6 kb and
an open reading frame encoding a single
polyprotein of around 3,000 amino acids. The
non-structural proteins are coded for in the
remaining section (p7, NS2, NS3, NS4A, NS4B,
NS5A, and NS5B) [35].

HCV virions produce lipoviroparticles when
they combine with low-density lipoproteins
(LDLs) and very-low-density lipoproteins
(VLDLs) in the host. Apolipoprotein B (APOB)
and other exchangeable apolipoproteins, such as
APOC and APOE, are also present in the
lipoviroparticles [36]. The two envelope
glycoproteins, E1 and E2, as well as
apolipoproteins on the lipoviroparticles' surface
and many cell surface components, are involved
in viral attachment. Lowe-affinity initial cell-
binding might be mediated by
glycosaminoglycan and the LDL receptor. Then
E1-E2 interacts with CD81 and scavenger
receptor class B member 1, whereas claudin 1,
occludin, and perhaps additional molecules like
claudin 6 or claudin 9, epidermal growth factor
receptor, or ephrin receptor type A2 are required
for cell entry [37].
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5. Complications

HCV infection typically results in an
asymptomatic chronic condition that can develop
into active liver disease and severe compilations
later on. One of the most striking characteristics
of HCV infection is that most patients are
unaware of their disease status until they develop
a severe hepatic infection that can last for years
In Egypt, chronic HCV infection is the primary
cause of liver cirrhosis and cancer, as well as one
of the top five reasons of death [20]. Every year,
HCV kills around 40,000 Egyptians [12].

6. HCV Comorbidities

Understanding the most common
comorbidities associated with HCV is critical for
improving the efficacy of existing and future
HCV treatment regimens. Successfully managing
these comorbidities might result in enhanced
treatment eligibility and better results. Up to 30%
of HCV patients had comorbidity that would
exclude them from receiving antiviral HCV
therapy. This indicates that if comorbidities are
adequately controlled, many HCV patients may
be treated well [38]. The following are the seven
broad categories of comorbidities identified by a
study [38].

Digestive system disorders like diseases of
the liver [rank 1], disorders of the gastrointestinal
tract [rank 13], and disorders of the esophagus
[rank 16].

Musculoskeletal system and connective
tissue disorders like diseases of connective tissue
[rank 2], disorders of the back [rank 7], and
disorders of the joint (non-traumatic) [rank 8].

Respiratory system disorders like infections
of the upper respiratory tract [rank 4], diseases of
the upper respiratory tract [rank 17], and lower
respiratory disease [rank 5].

Circulatory system disorders like essential
hypertension [rank 6] and any non-specific chest

pain [rank 10].

Endocrine, nutritional, metabolic, and
immunity diseases like lipid metabolism
disorders [rank 11] and uncomplicated diabetes
mellitus [rank 23].

Mental disorders like alcohol and substance-
related mental disorders [rank 20], depression
[rank 22]) and disorders of the nervous systems
and sense organs (blindness and vision defects
[rank 21], eye diseases [rank 25]).

Symptoms influencing the overall health
status like malaise [rank 12] and allergic
reactions [rank 18] were also common in HCV
patients.

7. Treatment of HCV

Since the virus' discovery in 1989, a close
collaboration between fundamental, translational,
and clinical research has resulted in the
development of new diagnostic tools and
management techniques [39]. For years, patients
with HCV were treated with PEGylated
interferon (PEG-IFN) and ribavirin (RBV), until
the introduction of numerous direct-acting
antivirals (DAAs) [40]. Most patients can be
cured of chronic HCV infection with DAA-based
therapy, including those who were previously
difficult to treat (for example, patients with HCV
and HIV co-infection), decompensated liver
disease patients, and renal impairment patients)
[41].

7.1. Interferon

Patients with non-A, non-B hepatitis (a
designation used for hepatitis C before the
hepatitis C virus (HCV) was identified in 1989)

were given recombinant interferon (IFN)
injections three times a week [42].

7.2. Interferon & Ribavirin

IFN was used in conjunction with ribavirin, a
non-specific antiviral medication. Between 2001
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and 2011, ribavirin and long-acting PEGylated
(PEG)-IFNSs, such as PEG IFN2a or PEG IFN2b,
was the gold standard of treatment [43].
Treatment for chronic hepatitis C with this
combination for 12 to 72 weeks resulted in
sustained virological response (SVR) rates of
40% for HCV genotype 1 patients and 80% for
HCV genotype 2 patients, albeit with some
adverse effects. SVR is defined as undetectable
HCV RNA levels in the blood for 12 or 24 weeks
following therapy completion) [39].

7.3. Direct-acting antiviral agents (DAAS)
7.3.1. Background

BILL 2061, an inhibitor of the NS3/4A
protease, was the first DAA to show a significant
reduction of viral replication in humans, but its
clinical development was halted owing to safety
concerns. DAAs against three separate targets of
the HCV life cycle was authorized as a result
[44]. Boceprevir and telaprevir, two HCV
protease inhibitors, were authorized in 2011,
however, due to side effects; therapy had to be
supplemented with PEG-IFN and ribavirin.
Between 2013 and 2016, many NS3/4A and
NS5A inhibitors, as well as one nucleotide and
one non-nucleotide NS5B polymerase inhibitor,
were authorized. Cure rates of 90 percent to 100
percent are reached when two or three DAAs are
combined. These novels' all-oral, IFN-free DAA
regimens have great tolerability and safety when
used for 8-24 weeks [45].

NS3/4A inhibitors [e.g. boceprevir (BOC),
telaprevir (TPV), simeprevir, asunaprevir (ASV),
and paritaprevir (ASV) enhanced by ritonavir],
NS5A inhibitors [e.g. daclatasvir (DCV),
ledipasvir, and ombitasvir], and NS5B nucleoside
[sofosbuvir SOF] are the three main classes of
DAAs [40]. These DAAS have been approved in
various areas of the world as PEG-IFN with
RBV, RBV, or numerous all-oral DAAs with or
without RBV [40]. In Chronic Hepatitis C

patients, the risk of morbidity and death
associated with SOF/DCV RBV treatment is low,
but it is substantially connected to advanced
cirrhosis [46].

For the treatment of HCV in older
individuals, direct-acting antiviral medication
therapy is extremely effective and safe [47].
Inherited blood disorders (IBLD) patients are at a
higher risk of contracting the hepatitis C virus
(HCV). In the actual world, DAA-based
regimens are well tolerated and very effective in
individuals with chronic hepatitis C and IBLD
[48].

A sustained virological response (SVR) is
defined as undetectable HCV RNA levels in the
blood after 24 weeks or, more recently, 12 weeks
following the completion of therapy. Patients'
quality of life (QOL) increased considerably with
DAA treatment, in contrast to IFN-based
regimens [49]. For accurate diagnosis and
treatment of HCV patients, diagnostic techniques
such as anti-HCV antibody testing, serum HCV
RNA measurement, genotyping, and analysis of
resistance-associated substitutions (RASs) are
utilized. RASs are HCV RNA amino acid
alterations that cause the virus to become
resistant to DAA-based therapy regimens [50].

Comorbidities and co-medications, as well as
drug-drug interactions, are prevalent in hepatitis
C patients. Even when second-generation
medicines are taken, the possibility of drug-drug
interactions remains a serious concern [51].

7.3.2. Mechanism of Actions of DAAS:

Three structural proteins are located off the
N-terminus of the HCV genome, while seven
nonstructural (NS) proteins are found off the C-
terminus. NS3/4A, NS5A, and NS5B are three
non-structural proteins that are critical for HCV
replication and so are candidates for suppression
[52]. The serine protease NS3/4A is required for
viral replication. NS3/4A inhibitors including



Daclatasvir and HCV infection 239

TPV, BOC, simeprevir, paritaprevir, and
grazoprevir have high efficacy and a low barrier
to resistance [52].

NS5B is an RNA polymerase that is reliant
on HCV RNA and is required for HCV
replication. Because the catalytic region of NS5B
is substantially similar across all HCV GTs,
nucleotide inhibitors like SOF have pan-
genotypic action and are known for their high
potency and low resistance [53]. Dasabuvir and
beclabuvir (BCV, previously BMS-791325) are
non-nucleoside NS5B polymerase inhibitors that
target allosteric regions on NS5B and have a low
barrier to resistance, moderate efficacy, and
limited activity across all HCV GTs [53].

NS5A is a zinc-binding phosphoprotein with
447 amino acids that performs a critical yet
unclear role in HCV replication. Although NS5A
inhibitors appear to have a low barrier to
resistance, they are thought to have strong
antiviral action [54].

8. Daclatasvir

The first-in-class HCV NS5A inhibitor,
daclatasvir (DCV), has shown considerable
efficacy in clinical studies [52]. Other NS5A
inhibitors, such as ledipasvir and ombitasvir,
have since been authorized, while GS-5816 and
elbasvir are currently in clinical trials.

In some parts of the world, DCV has been
authorized for the treatment of HCV genotype 1
patient in combination with PEG-IFN and RBV.
Furthermore, the European Association for the
Study of the Liver (EASL) has recently
recommended the use of DCV-based regimens
for all HCV GTs, including treatment-naive,
treatment-experienced, compensated, and
decompensated cirrhosis, chronic kidney disease,
post-liver transplantation (LT), and HIV co-
infection [40].

For patients with all genotypes of hepatitis C

who have significant renal impairment, including
those on hemodialysis, the combination of
sofosbuvir and daclatasvir is an effective and safe
therapy [55]. SOF in conjunction with DCV
demonstrated great effectiveness in Chronic
Hepatitis C GT-2 patients, regardless of cirrhosis,
treatment history, or chronic kidney disease
status. As a result, in these groups, the
introduction of DAA treatment to eliminate HCV
should not be postponed [56].

Patients with HCV/HIV co-infection were
effectively  treated with  sofosbuvir and
daclatasvir, and HRQoL (health-related quality of
life) improved 12 weeks following treatment
completion [57]. For individuals who are co-
infected with HIV and HCV, a single-tablet
combination of DCV and SOF is a successful and
safe therapy. The combination is effective in
individuals on antiretroviral treatment who
require dosage adjustments. Cirrhotic patients,
those who have had past treatment failures, and
people of diverse genotypes all respond in the
same way [58].

In patients with HCV genotypes, 1 and 3 who
are on maintenance hemodialysis, direct-acting
antiviral  treatment  with  sofosbuvir  and
daclatasvir is very efficacious and tolerated,
especially when administered daily [59]. For
genotype 1b Acute Hepatitis C virus infection
patients with overt hepatic decompensation, a
combination of sofosbuvir and daclatasvir with
ribavirin can be utilized [60].

8.1. DCV Pharmacodynamics

The imino-thiazolidinedione BMS-858, DCV
precursor, was discovered as a weak inhibitor of
HCV replication after screening hundreds of
chemicals from the Bristol-Myers Squibb (BMS)
proprietary library. Many chemical changes were
made to this molecule to increase potency,
broaden the spectrum of GTs impacted, and
improve the pharmacokinetics and oral
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bioavailability of DCV [61]. The method by
which DCV prevents viral replication is
unknown. Small structural distortions caused by
DCV are thought to limit NS5A activity directly
or allosterically. DCV may also be able to stop
viral replication by blocking two or more NS5A
activities that operate together [52]. A
mathematical model of viral kinetics during
therapy revealed an early, fast viral decline
followed by a gradual reduction in HCV-RNA,
demonstrating that DCV  inhibits viral
reproduction as well as viral assembly and
secretion [62].

8.2. DCV Preclinical Pharmacokinetics

DCV is prescribed at a dose of sixty
milligrams (mg) once a day (QD) [63]. The
properties of DCV absorption, distribution,
metabolism, and excretion have been investigated
in a variety of cell lines and animal species.

8.2.1. Absorption

According to US Food and Drug
Administration guidelines, daclatasvir is classed
as a Biopharmaceutical Classification System
Class Il chemical (low solubility/high
permeability) and a Biopharmaceutical Drug
Disposition Classification System Class I
molecule (low solubility/extensive metabolism)
[64]. The efflux ratios were >24 and decreased to
1.6 and 0.8, respectively, in bi-directional
experiments employing Caco-2 monolayers and
DCV (0.3 IM) at pH 7.4 in the presence of P-
glycoprotein (P-GP) inhibitors, ketoconazole, and
cyclosporine. DCV is a substrate for efflux
transporters such as P-GP, according to these
findings [64].

Due to its wide specificity and impact on
drug pharmacokinetic (PK) characteristics, P-
glycoprotein (Pgp) is an excellent example of a
clinically relevant drug transporter [65]. Pgp is a
member of the ATP-binding cassette (ABC)
superfamily, and multidrug resistance (MDR)

genes encode it. PGP is found in numerous
organs and physical barriers, including the Gl
tract, the blood-brain barrier (BBB), the kidney,
liver, endothelium, and the placenta [66]. Pop
acts as a unidirectional efflux pump that extrudes
its substrate from within to outside of cells,
limiting cellular uptake, distribution, excretion,
and toxicity of a wide range of hydrophobic
chemicals, pollutants, and medicines [65]. In
research utilizing normal and P-GP knockout
mice, DCV bioavailability was enhanced by 41
and 56 percent following oral and intravenous
dosages, respectively, in the knockout mice
compared to the normal mice. The efflux ratios in
human breast cancer resistance protein (BCRP)-
transfected MDCK cells were identical to those
in wildtype MDCK cells, indicating that DCV is
not a BCRP substrate [64].

Animal species (rats, dogs, monkeys, and
mice) have varying oral bioavailability (ranging
from 38 to 100 percent), indicating that DCV is
effectively absorbed in these animals. Increasing
stomach pH by pretreating dogs with famotidine
lowered DCV absolute bioavailability from 89 to
48 percent in a crossover trial in dogs, showing
that DCV oral absorption is pH-dependent [64].

8.2.2. Distribution

All animal species examined (rats, rabbits,
dogs, and cynomolgus monkeys) had high levels
of daclatasvir binding (95.1-99.5%), which was
equivalent to human levels (98.0 percent ). The
steady-state volume of distribution in animal
species was more than the stated total body water
volume, indicating extravascular distribution.
DCV concentrates in the livers of mice, rats,
dogs, and monkeys, with liver-to-plasma area
under the concentration-time curve (AUC) ratios
ranging from 1.9 to 17 in the various animal
species examined, but has little penetration in the
brain, according to in-vivo animal research (mice
and rats) [64].
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Passive permeability and active transport are both
modes of DCV liver absorption in rats, according
to the results of an uptake investigation in rat
hepatocytes. The results of DCV liver absorption
in people by both active transport and passive
diffusion were similar to these findings. Organic
cation transporter (OCT1) and unidentified
transporters are involved in the active liver
absorption of DCV, but not organic anion
transporter (OAT2), Sodium taurocholate-
transporting  peptide (NTCP), or organic
transporting polypeptides (OATPs), according to
in vitro investigations [64].

8.2.3. Metabolism

DCV metabolism was characterized by the
synthesis of many metabolites, the majority of
which were oxidation products. Oxidative
pyrrolidine ring-opening was followed by
intramolecular cyclization to produce M2,
descarboxymethylation to form M4, and
hydroxylation to form a variety of additional
metabolites. In monkeys (17.5 percent of the
dosage) and bile duct cannulated rats, M2
(pharmacologically active) is the major
metabolite (10.5 percent of the dose). In any
species, other metabolites contributed to less than
10% of the dosage [67].

8.2.4. Elimination

Many routes were implicated in the
elimination of DCV in animals, including
metabolic clearance, biliary clearance, and direct
intestinal excretion, all of which resulted in DCV
and its metabolites being excreted in the feces.
Renal clearance was a minor route of DCV
elimination in intact animals (>1% of the dosage)
[67]. Daclatasvir dosage accumulation is not
caused by a low eGFR (30-60 mL/min) [68].

8.3 Drug-drug Interactions (Mechanisms of
Daclatasvir Drug Interactions)

DCV-based DDIs may be linked to the

suppression or activation of CYP3A4 metabolism
and/or P-GP-mediated efflux, according to
several in-vitro and in-vivo investigations. DCV
is a substrate for both CYP3A4 and the drug
efflux pump P-GP, which are both expressed in
liver and intestinal cells, according to in vitro
research [64].

DCV is a modest, time-dependent
inhibitor/inducer of CYP3A4, according to in-
vivo findings. Multiple oral doses of 60 mg DCV
and a single oral dosage of 5 mg midazolam did
not result in a significant pharmacokinetic
interaction, indicating that DCV is unlikely to
affect the PK of CYP3A4 substrates. This finding
is similar to many other DDI studies that looked
at the PK of CYP3A4 substrates (e.g.,
ethinylestradiol,  tacrolimus, cyclosporine,
simeprevir, and methadone) and found that DCV
did not affect the PK of the medications given
together [64]. Co-administration of repeated oral
doses of 60 mg DCV and 0.125 mg digoxin, on
the other hand, increased the AUC and Cmax of
digoxin by 27% and 65%, respectively,
demonstrating that DCV is a weak-to-moderate
inhibitor of P-GP in vivo. DCV has been shown
to block a variety of uptake and efflux
transporters in vitro, including OATP1B1,
OATP1B3, and BCRP [69].

Furthermore, inhibitors or inducers of
CYP3A4 are frequently coupled with comparable
suppression or induction of P-GP; hence, DDI via
CYP3A4 inhibition or induction may cause
changes in DCV clearance for the two major
routes. Because DCV is cleared by both CYP3A
and P-GP, co-administered medications with
inhibitory  effects on P-GP  but no
contemporaneous inhibition of CYP3A are
unlikely to produce significant changes in DCV
bioavailability [64]. The use of cyclosporine (a
strong P-GP inhibitor and a moderate CYP3A
inhibitor) in a pharmacological interaction study
resulted in a 40% rise in DCV AUC, indicating
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that inhibiting P-GP alone without or with
minimal  inhibition of CYP3A  cannot
considerably enhance DCV BAV. CYP3A4 and
P-GP modulators have been shown in several
trials to enhance DCV AUC. Co-administration
of ketoconazole (a potent CYP3A4 and P-GP
inhibitor) increased AUC and Cmax by thrice and
57 percent, respectively [70]. Co-administration
of ritonavir (a strong CYP3A4 and P-GP
inhibitor) with boosted atazanavir (a moderate
CYP3A4 inhibitor) resulted in a 2.1-fold and
35% rise in AUC and Cmax, respectively, in
another research. Furthermore, adding telaprevir
(a powerful CYP3A4 inhibitor) to the mix
resulted in a 2-fold increase in DCV exposure.
According to prior research, the greatest increase
in DCV exposure after co-administration of a
strong CYP3A4 inhibitor appears to be 2- to 3-
fold, whereas the maximum impact of a moderate
inhibitor appears to be less than 2-fold [70]. To
compensate for the increased exposure, the DCV
dosage can be reduced to 30 mg once a day for
strong CYP3A4 inhibitors, and no dose change is
required for moderate inhibitors [64].

CYP3A4 inducers, like CYP3A4 inhibitors,
appear to alter DCV PK. Two investigations were
conducted to assess the potential of inducers to
alter DCV PK: one with rifampin, a strong
CYP3A4 inducer, and the other with efavirenz, a
moderate CYP3A4 inducer [71]. Rifampin co-
administration reduced DCV AUC and Cmax by
79 and 56 percent, respectively, whereas
efavirenz co-administration reduced DCV AUC
and Cmax by 32 and 17 percent, respectively. To
compensate for the decrease in exposure, the
DCV dosage can be raised to 90 mg daily in the
presence of a moderate CYP3A4 inducer, while
powerful CYP3A4 inducers are contraindicated,
according to prior studies [71].

DCV has a minimal risk of influencing the
bioavailability of medicines that are CYP450
substrates when they are co-administered. Many

transporters, including P-GP, OCT1, OATP1B1,
OATP1B3, and BCRP, are weak to moderately
inhibited by DCV in vitro. Except for
rosuvastatin, DCV did not affect the
pharmacokinetics of co-administered medications
that are substrates of these transporters in clinical
trials [64].

8.4. Safety and Tolerability (Side effects and
adverse events)

In combination with other antivirals and
DAAs such as PEG-IFN/RBV, ASV, BCV, and
SOF, daclatasvir is safe and well-tolerated [50].
When DCV is used with PEG-IFN/RBV, the
most common adverse effects are fatigue (43—
45%) and headache (33-41%), with incidence
rates similar to those of PEG-IFN/RBV alone.
When ASV is added to DCV, diarrhea becomes
more prevalent [72]. Headache, tiredness,
diarrhea, nausea, and asthenia occurred in 24-25
percent, 21-22 percent, 12-22 percent, 11-12
percent, and 2-11 percent of participants in a
Phase Il study of an all-oral DCV/ASV
combination [73]. In Phase Il and Il studies,
DCV/ASV was also linked to a self-limiting
increase in serum alanine aminotransferase
(ALT) levels in about 5-29 percent of patients
(with higher rates at doses >200 mg b.d. or when
co-administered with PEG-IFN/ RBV) [74].

Conclusion

HCV is well-known for causing liver
cirrhosis, hepatocellular carcinoma (HCC), and
liver-related death all over the world. For years,
patients with HCV were treated with PEGylated
interferon (PEG-IFN) and ribavirin (RBV), until
the introduction of numerous direct-acting
antivirals (DAAs). By blocking two or more
activities of NS5A that work in concert, DCV
may be able to stop viral propagation. When
coupled with SOF or ASV/BCV, DCV, an HCV
NS5A-selective inhibitor, is one of the most
effective and well-tolerated oral HCV therapy
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regimens. Future research on specific categories
of HCV npatients is strongly encouraged. All
efforts should be made to eradicate HCV
infection.
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