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Abstract

Objectives: Interleukin-28B (IL-28B) gene polymorphisms play an important role in response prediction of direct-act-
ing antivirals (DAAs) treatment, including Sofosbuvir and Daclatasvir with or without Ribavirin. The purpose of this
study was to assess the IL-28B polymorphism SNP (rs12979860) and other clinical factors as response predictors for the
sustained virological response (SVR) in chronic HCV-infected patients taking DAA therapy.

Methods: A cross-sectional and observational study was carried out among 104 HCV-infected patients who completed
a course of Sofosbuvir and Daclatasvir along with Ribavirin. Patients were classified according to their response to
therapy. Genotyping of IL-28B was determined through polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) assay, and HCV genotyping was identified by PCR method. We analyzed the response prediction
of IL-28 gene polymorphism among patients receiving DAA therapy.

Results: Overall, IL-28B CC, CT, and TT genotypes were found in 56 (53.8%), 22 (21.2%), and 26 (25.0%) patients, re-
spectively. Higher early virological response (EVR) and SVR were observed in patients with the rs12979860 CC alleles
(82.1% and 75%) as compared to CT/TT alleles (54.2% and 20.8%). IL-28B CC genotype (OR=0.14; 95% Cl|=0.04-0.44;
p=0.001) and EVR (OR=0.20; 95% Cl=0.05-0.71; p=0.013) remained significantly associated with SVR in the multivariate
regression analysis. However, the FIB-4 score (OR=4.24; 95% Cl=1.46-11.75; p=0.008) is a strong predictor of non-SVR.
Conclusion: The antiviral efficacy of triple therapy (sofosbuvir, daclatasvir, and ribavirin) is influenced by the variability
of the IL-28B gene, as well as the EVR and FIB-4 score. These variables also play a significant role in predicting the treat-
ment response of patients with chronic HCV infection in Pakistan.
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With an estimated 71 million cases of chronic hepatitis C  at 4.8%, the virus is extremely prevalent. As part of its efforts
virus (HCV) infection worldwide, 80% of the burden is  to eradicate HCV infection, the World Health Organization
centered in lower-middle income nations, making this disease  (WHO) has set 2030 targets for a 65% decrease in HCV-associ-

a serious global health concern [1]. Furthermore, chronicHCV  ated death and an 80% decrease in international incidence [3].
is thought to be the primary risk factor for cirrhosis (15-35%),

a condition that results in decompensated liver damage and ~ For the past 20 years, combination therapy consisting of rib-
eventual mortality [2]. In Pakistan, where a countrywide sur-  avirin and pegylated interferon alfa has been considered the
vey carried outin 2007-2008 estimated the prevalence of HCV  gold standard treatment for HCV infection. However, this treat-
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ment plan was hampered by the frequent incidence of adverse
effects that made it difficult to adhere to the prescribed course
of action, which led to substantially elevated rates of treat-
ment cessation and failure [4]. Direct-acting antiviral drugs
(DAAs), like NS5A complex, NS5B polymerase, and NS3/4A
protease inhibitors, have been available for a decade now and
have shown promise in lowering viral levels in patients with
different genotypes of HCV while remaining safe [5, 6].

The management of chronic hepatitis C is influenced by vari-
ous parameters, including the level of HCV-RNA, the stage of
hepatic fibrosis, and the genetic status of the host, despite the
progress made in viral pathogenesis and treatment [7]. The
IL-28 gene is also known as interferon-gamma 3 because it
codes for the protein known as interferon-gamma 3, which is
encoded by the cytokine gene Interleukin-28B (IL-28B), one of
the host genetic factors [8, 9].

According to recent research, genetic variations in IL-28B
may impact the way that various infectious diseases decrease
HCV replication and produce the cytokines that are linked
to it, which modify the host immune response [3, 10]. A SNP
(rs12979860), which is situated just three kilobases upstream
from the IL28B gene, has been identified by genome-wide as-
sociation studies as a critical factor affecting the HCV clear-
ance from infected patients [11, 12].

The disparities in treatment response rates observed between
Caucasians, African-Americans, and Asians are mostly caused
by one significant factor, which is the differences in allele fre-
quencies among ethnic groups [13]. In HCV genotype-1, the
IL-28B gene polymorphisms were found to be a significant
predictor of both a sustained and rapid virological response
to treatment. Similarly, compared to patients with non-CC
genotypes, those with HCV genotype-3 who followed the
treatment plan and had the CC genotype of rs12979860 were
more than twice as likely to respond favorably to therapy [14].
It has been reported that the IL-28 CC gene polymorphism is
more common in Pakistan than the CT/TT genotype, yet there
are minor variances in the incidence of other genotypes in dif-
ferent parts of the country [15]. However, little research has
been done on how this genetic difference affects how well
DAA medication works in patients with HCV.

In this study, we aimed to evaluate the association between
viral influential factors and IL-28B rs12979860 genetic varia-
tionin response to the DAAs therapy outcome in chronic HCV-
infected patients.

Materials and Methods

This was a cross-sectional and observational study enrolling
one hundred and four HCV-diagnosed patients who had re-
ceived the specific combination therapy of sofosbuvir and
daclatasvir from three different tertiary care hospitals in Is-
lamabad, Pakistan, between April 2018 and August 2020.
Before beginning this study, we obtained approval, by the

Declaration of Helsinki and Nuremberg Code [16], from the
Ethical Committee of Army Medical College, Rawalpindi (letter
number 02/CREAM-A/Maleha). The 104 patients were divided
according to their response to DAA therapy into a responder
group (n=52) and a non-responder group (n=52). Informed
consent was taken from each patient, and they were informed
about the outcome of the study. Inclusion criteria were: 1) Pos-
itive with HCV-RNA with a lower limit of detection of 600 U/
mL, 2) Age not less than 18 years, and 3) Patients who have
completed 12 weeks of sofosbuvir and daclatasvir combina-
tion therapy. Patients positive for HIV or hepatitis (A, B, D, or E)
infection and evidence of metabolic, genetic, or autoimmune
liver disease were excluded from this study.

All patients underwent a comprehensive medical assessment,
which included gathering a detailed medical history, conduct-
ing clinical examinations, and performing anthropometric
measurements such as body weight and height. Peripheral
blood samples were collected and routine investigation was
performed, including serum hemoglobin, albumin, platelets
count, and liver function tests (serum bilirubin, ALT, AST &
ALP) using kit Innoline by Martin Dow Marker Specialties (Pvt.)
Ltd, and results were recorded carefully in the liver clinic of
Holy Family Hospital, Pakistan.

FIB-4 index was calculated for each participant using: FIB-
4=[age (yr) x AST (IU/L)/PLT (10%L) x vALT(IU/L)]. Significant
fibrosis was associated with a positive predictive value when
the FIB-4 index was greater than 3.25, whereas severe fibrosis
was associated with a negative predictive value when the in-
dex was less than 1.45[17, 18].

All RNA preparation and HCV RNA determination steps
were carried out under RNase-free conditions. HCV RNA
quantification was determined by Smart Cycler Il system
(Applied Biosystem, Foster City, Calif; detection limit 20 IU/
ml). Positive RT-PCR cases underwent HCV genotype de-
tection using a specific HCV genotyping assay as described
earlier [19]. An internal control was employed to amplify
each sample, and both positive and negative controls were
incorporated in each tested batch.

The major endpoint was the assessment of SVR, as responder
patients who attained sustained virological response (defined
as the absence of HCV RNA from serum by a sensitive PCR as-
say 12 weeks following discontinuation of therapy). Non-re-
sponder patients were with detectable (>2 log10) HCV RNA
after 12 weeks of end of therapy. Relapse defined as patients
with recurrence of HCV RNA levels during the follow-up eval-
uation after therapy is discontinued. Another term, EVR (early
virological response), is defined as a =2 log reduction or com-
plete absence of serum HCV RNA at week 12 of therapy com-
pared with the baseline level [20].

PCR ampilification and sequencing of rs12979860 single-nu-
cleotide polymorphism was used for genotyping of IL28B.
Blood samples from all patients were collected and subjected
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to RNA extraction by RNA Mini prep Super Kit (Bio Basic Inc,
Canada). First strand ¢cDNA was synthesized by Revert-Aid
Premium First Strand ¢cDNA Synthesis Kit (Thermo Scientific
Inc,#K1652, USA), using RNA as a template. The polymerase
chain reaction-based restriction fragment length polymor-
phism assay was used for genotyping IL-28B rs12979860
SNP [21]. The TagMan custom-designed primers and probes
used for the genotyping procedure were; IL-28B forward
and reverse primer: 5-GCTTATCGCATACGGCTAGG-3' and
5-AGGCTCAGGGTCAATCACAG-3' The PCR mixture had a to-
tal volume of 20 pl, comprising 1 pl of DNA template (ranging
from 120 to 480 ng), each primer (1 ul), and commercial Super
Mix (10 ul), which included Taq polymerase, dNTPs, magnesium
chloride, 10 x PCR buffer, and Syber green fluorescent dye. Be-
fore conducting the PCR reactions, genomic DNA extraction
from whole blood samples was done by the non-enzymatic
salting-out method. The mixture was loaded into 96-well Mi-
croAmp Optical Reaction Plates (Applied Biosystems). All Real-
time PCR reactions were carried out on the 7500 Fast Real-Time
PCR System. The procedure involved initial denaturation for 5
minutes at 95°C, then 35 cycles at 95°C for 30 seconds, anneal-
ing at 62°C for 30 seconds, and extension at 72°C for 30 seconds
with a final extension at 72°C for 10 min. On 2% agarose gel
electrophoresis, bands of 160 and 82 bp indicated the TT geno-
type, 135, 82, and 25 bp bands indicated the CC genotype; 160,
135, 82, and 25 bp bands indicated the CT genotype and were
visualized by a gel doc unit (Bio-Rad, Hercules, CA, USA).

Statistical analysis

Statistical analyses were performed using SPSS v. 26.0. Qual-
itative variables were measured by number and percentage
of patients, whereas mean and standard deviations (SDs)
were used to describe quantitative data. Student's t-test was
applied to compare independent samples from two groups,
and the x? test was performed to compare categorical data.
The association between IL-28B polymorphisms and HCV
genotyping with SVR, EVR, and relapse was evaluated using a
one-way analysis of variance (ANOVA) test. Multivariate logis-
tic regression analysis was performed to determine the role of
genetic and bio-clinical variables as predictors of treatment
outcomes. A 95% confidence interval (Cl) was included in the
calculation and reporting of odds ratios (ORs). A p-value with
two tails less than 0.05 was deemed statistically significant.

Results

A total of 104 HCV-infected patients participated in the study
with a male predominance of 68.3%.The average age was 42.15
years with a standard deviation of 3.78 years. Fifty-two (50%)
patients failed to achieve SVR among the 104 total enrolled and
have been labeled as non-responders. Among responders, 35
participants (67.7%) were male and 16 (32.7%) were females,
however, among the non-responder group, 36 participants
(69.2%) were males and 16 (30.8%) were females. The most
prevalent IL-28B genotype and HCV genotype were genotype
CC (53.8%), and genotype 3 (76%) in our test population.

When the study groups' laboratory parameters were taken into
account, significant variations in serum ALT levels (p=0.046)
and FIB-4 score (p<0.001) were found between the responder
and non-responder groups. Other pretreatment factors that
were found to be associated with achieving a positive virolog-
ical response were low baseline HCV-RNA level <0.4 log6 IU/ml
(p=0.020), HCV genotype (p=0.01), and EVR (p<0.001). There
were no significant differences in gender, age, hemoglobin con-
centration, serum albumin, serum bilirubin, serum AST, BMI, and
platelet count between these groups (p>0.05). More detailed
information about these 104 patients can be found in Table 1.

Regarding IL-28B genotype frequency, a comparison was
made between 1L28B CC [56 out of 104 patients (53.8%)] and
IL28B CT/TT [48 out of 104 patients (46.2%)]. The percentage
of early response rate among patients with 1L28B CC geno-
type was 82.1% as compared to 54.2% of the CT/TT genotypes
(p=0.002). Important laboratory parameters including ALT and
FIB-4 score had a highly statistically significant relationship
between the IL-28B genotypes (p=0.001 and p=0.026 respec-
tively). A statistically significant relation was determined be-
tween IL-28B (rs12979860) SNP and HCV genotype with 91.1%
of IL-28B CC having HCV genotype 3 (p=0.001). However, the re-
lationship between IL28B (rs12979860) and relapse in patients
was insignificant with a 10.4% relapse rate among IL-28CT/TT
patients and a 1.8% in IL28B CC (p=0.07). Furthermore, as de-
picted in Table 2, there was a statistically insignificant relation
between the two groups when other biochemical parameters
were compared such as BMI (p=0.808), hemoglobin concen-
tration (p=0.057), serum bilirubin (p=0.399), serum albumin
(p=0.941), platelet count (p=0.268) and serum AST (p=0.177).

Multivariate logistic regression analysis was conducted, which
included IL-28B genotypes, HCV genotype, EVR, and various
biochemical variables, such as serum ALT value, FIB-4 score,
and HCV-RNA levels (which showed significant associations
with SVR in the univariate analyses). FIB-4 score (OR=4.26;
95%Cl=1.46-11.75) remained significantly associated with
failure to achieve SVR to therapy, whereas EVR (OR=0.20;
95%Cl=0.05-0.71) and IL-28B CC genotype (OR=0.14;
95%Cl=0.04-0.44) remained significantly associated with re-
sponse to DAA therapy as shown in Table 3.

Figure 1 depicts the frequency of IL28B genotype distribution
according to response rate. It also gives a picture of the on-
going treatment virological response rate and relapse rate by
HCV genotype. In SVR, the frequency of the IL-28B rs12979860
CC genotype was 42 out of 52 (80.8%), while in EVR, it was
46 out of 72 (63.9%). The frequency of HCV genotype 3 was
considerably greater in the SVR (n=48/52, 92.3%) and EVR
(n=61/72, 84.7%) groups.

Discussion

HCV is a significant global public health concern, but it is es-
pecially so in Pakistan. Pakistan has the highest death rate
among the most severely affected countries. Direct-acting



76

Int J Med Biochem

Table 1. Univariate analysis of non-genetic & genetic characteristics of Pakistani patients

with chronic hepatitis C infection

Characteristics Responders Non-responders p
n=52 n=52
n % n %
Gender 0.500
Male 35 67.3 36 69.2
Female 17 327 16 30.8
Age (years) (meanzSD) 40.04+5.43 42.52+7.745 0.062
min-max 32-62 30-62
Hemoglobin (g/dl) (mean+SD) 13.9£1.69 13.89+1.88 0.880
min-max 11.0-17.2 10.9-17.9
Albumin (g/L) (mean%SD) 4.37+0.43 4.29+0.53 0.479
min—-max 3.40-4.92 3.20-5.00
Bilirubin (mg/dl) (mean+SD) 0.71+0.28 0.80+0.29 0.136
min—max 0.36-1.34 0.36-1.56
ALT (IU/L) (mean+SD) 33.71£11.53 40.40+20.21 0.046
min-max 14-82 16-134
AST (IU/L) (mean=SD) 37.15£14.41 44.90+16.24 0.822
min-max 12-80 16-104
BMI (kg/m?) (mean=SD) 29.11+3.59 30.62+4.07 0.320
min-max 22.6-34.2 23.3-424
Platelet (x10°%/L) (mean+SD) 209.15+71.40 208.25+69.44 0.094
min-max 102-356 128-387
Pre-treatment viral load (log,, IU/ml) 1.35+£0.64 1.79+1.1 0.020*
(mean+SD) min—-max 0.65-5.24 0.21-8.65
FIB-4 score (mean=SD) 0.92+0.48 1.59+0.46 <0.001%**
min-max 0.33-2.08 0.33-1.97
EVR
Yes 46 88.5 26 50.0 <0.001**
No 06 11.5 26 50.8
IL-28B gene polymorphism
CcC 42 80.8 14 26.9 <0.001
CT/TT 10 19.2 38 73.1
HCV genotype
3 45 57.0 34 43.0 0.010
Non-3 07 28.0 18 72.0

Data expressed as mean£SD or n (%) as appropriate. *: p<0.05: Statistically significant; **: p<0.001: Highly significant
statistically. SD: Standard deviation; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass
index; FIB-4: Fibrosis-4; EVR: Early virological response; IL28-B: Interleukin 28-B; HCV: Hepatitis C virus.

antivirals (DAAs), which have recently been developed, have
dramatically changed HCV therapy by increasing virus erad-
ication rates to around 90% in a variety of patients globally
[22]. The global influence of DAAs on the total burden of dis-
ease remains limited, notwithstanding these advancements.
A significant portion of people with long-term HCV infection
remain at risk for serious liver problems such as hepatocellular
carcinoma and liver cirrhosis [23].

The current study thoroughly examined the relationship be-
tween host genetic variations and clinical factors and the

sustained virological response to DAAs. Differential clinical
outcomes in response to DAAs against HCV infection are con-
nected with factors related to viruses (such viral load) and
hosts (SNPs). In this study, CC (53.8%) was the most common
genotype for IL-28B rs12979860 among patients with chronic
hepatitis C, followed by TT (25%) and CT (21.2%). These results
corroborate those of Calisti et al. [24], who found that among
chronic HCV patients, regardless of treatment-naive or expe-
rienced, the CC genotype was most common. More research
is necessary to fully understand the connection because the
precise mechanism is still unknown.
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Table 2. Correlation of IL-28B genotypes with baseline demographics and clinical data of

HCV-infected patients

Characteristics IL-28BCC IL-28B CT/TT p
n=56 n=48
n % n %
Gender
Male 40 714 31 64.6 0.296
Female 16 28.6 17 354
Age (years) (mean+SD) 41.27+6.53 41.29+£7.11 0.986
min—max 32-62 30-62
Hemoglobin (g/dl) (mean+SD) 13.6+1.64 14.28+1.89 0.057
min—max 10.9-17.9 10.9-17.9
Albumin (g/L) (mean+SD) 4.34+ 0.500 4.33+0.47
min—max 3.30-5.00 3.20-5.00 0.941
Bilirubin (mg/dl) (mean+SD) 0.83%£0.27 0.88+0.35
min—max 0.36-1.34 0.36-1.56 0.399
ALT (IU/L) (mean=SD) 32.14+£12.98 42.79+19.54 0.001
min-max 14-82 16-134
AST (IU/L) (mean=SD) 40.54+14.66 44.81+17.40 0.177
min-max 12-80 16-104
BMI (kg/m?) (mean=SD) 30.04+3.23 29.85+4.41 0.808
min—-max 22.6-36.4 22.8-42.4
Platelet (x10%L) (mean+SD) 215.79+74.95 200.44+63.77 0.268
min—max 102-356 102-356
Pre-treatment viral load (log,, IU/ml) 1.414+1.07 1.75+0.79 0.078
(mean=SD) min-max 0.21-5.65 1.0-8.24
HCV genotype
3, no (%) 51 91.1 31 64.6 0.001
Non-3, no (%) 05 8.9 17 354
FIB-4 score (mean=SD) 1.00+2.50 1.22+3.49 0.026
min-max 0.33-1.48 0.33-241
EVR
At week 4 46 82.1 26 54.2 0.002
No 10 17.9 22 45.8
Response to treatment
Yes 42 75 10 20.8 <0.001
No 14 25 38 79.2
Relapse
Yes 01 1.8 05 10.4 0.071
No 55 98.2 43 89.6

Data expressed as mean SD or n (%) as appropriate. IL28-B: Interleukin 28-B; SD: Standard deviation; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; HCV: hepatitis C virus; FIB-4: Fibrosis-4;

EVR: Early virological response.

According to IL-28B polymorphism-based analyses, the IL-28B
(rs12979860) CC variation was found to be significantly corre-
lated with the rate of response to therapy (42/52, 80.8%) and
EVR (46/72; 63.9%) when compared to patients infected with
IL-28 CT and TT genotypes (p<0.001 and p=0.001, respectively).
According to Abd Alla et al. [25], compared to non-CC geno-
types, the pre-treatment detection of the IL-28B CC allele could
indicate an increased probability of full clearance of the HCV.
The TT genotype was significantly more expressed in relapse-

prone patients (60%; p=0.116), indicating that the genotype is
thought to be a risk factor for relapse following a first response
to DAA treatment. According to Zaki SM, the current findings
were consistent [1]. They demonstrated that the likelihood
of non-response was considerably elevated by the TT and CT
genotypes of IL-28B, respectively, by 10.364 and 8.768 folds. On
the other hand, a previous finding demonstrated a different ex-
pression, with IL-28B CT being the most common genotype in
the SVR group and demonstrating a statistically significant cor-
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Table 3. Predictors of sustained virological response among HCV-infected patients after sofosbuvir and daclatasvir treatment

Predictors (] p Odd ratio 95% Cl for odds

Lower Upper
IL-28B CC genotype -1.94 0.001 0.14 0.04 0.44
ALT (IU/L) 0.003 0.83 0.99 0.96 1.02
HCV Genotype -1.29 0.08 0.27 0.06 1.20
EVR -1.57 0.013 0.20 0.05 0.71
FIB-4 Score 1.45 0.008 4.26 1.46 11.75
Pre-treatment viral load (log,, IU/ml) 0.10 0.75 1.11 0.64 1.93
Constant 1.58 0.23 4.88

The reference category is non-responder. HCV: Hepatitis C virus; Cl: Confidence interval; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; EVR: Early virological response;

FIB-4: Fibrosis-4.

relation with triple therapy consisting of peg-interferon, sofos-
buvir, and ribavirin [5, 26]. The discrepancies in treatment plans,
HCV genotypes, and the features of the population under study
are probably to blame for the inconsistent outcomes [27].

The FIB-4 is a noninvasive diagnostic tool to evaluate the pres-
ence of fibrotic liver. Our data confirmed that the patient's
FIB4-scores are recognized as the strongest pre-treatment
predictor of sustained viral clearance (p=0.008; OR=4.26).
Presence of advanced fibrosis and cirrhosis seems to remain
the strongest pretreatment predictor of response. In the study
by Watanabe et al. [28], patients with high FIB-4 index devel-
oped hepatocellular carcinoma after DAAs therapy. Statistical
analysis revealed that early virological response could be a
predictive marker for the response rates of ongoing antiviral
therapy (p=0.013; OR=0.20). Patients having low baseline viral
load showed higher response rates as compared to patients
who have higher baseline viral load (p=0.02). This finding
points to a strong, independent correlation between SVR and

the baseline viral load along with EVR which was also proved
by similar other studies [29, 30]. Patients with HCV genotype 3
had a significantly higher frequency of rs12979860 genotype
CC compared to those with HCV genotype non-3 (91.1% vs.
8.9%). Recent data, several previous studies reported that the
patients with HCV genotype 3 had a higher incidence of IL-
28B CC genotype than those with HCV genotype non-3 [31].
The underlying mechanism of this association may be either
due to rs12979860 C allele carriers having higher rates of HCV
genotype 3 infection, or that carriers of the CC genotype are
more susceptible to HCV genotype 3a/b infection [14, 32].

In Pakistan, genotype-3 is the most common, followed by geno-
type-1. In the current study, HCV genotype-3 was found to be
more prevalent among HCV-infected patients, a finding consis-
tent with the study done by Tayyab et al. [33]. The frequency of
HCV genotype 3 in patients attaining early virological response
(61/72,84.7%) and sustained virological response (48/52,92.3%)
is higher than other non-3 genotypes (p=0.001 and p=0.028,

Distribution of IL28B Genotypes

& p=0.001
" !
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£ 50
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= 40
&
S 30
; 20
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Figure 1. Distribution of IL-28B polymorphism and HCV genotype in patients with SVR, EVR, and Relapse.
1L28-B: Interleukin 28-B; HCV: Hepatitis C virus; SVR: sustained virological response; EVR: Early virological response.
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respectively). These findings align with the outcomes reported
by Mahmoud et al. [8], Junaid et al. [12], and Attallah et al. [34].
IFNA3 triggers Janus kinase/signal transducers and activators of
transcription (JAK/STAT) signaling after interacting to its recep-
tor, triggers the expression of interferon-stimulated genes (ISGs)
and ultimately establishes a potent antiviral condition [35].

This study had some limitations. We believed that HCV viremia
reflects chronic infection rather than recent infection based
on baseline data. A single-center sample collection method
and a limited participant count were the study's shortcom-
ings. Another drawback is that we did not assess the impact
of IL28B gene polymorphisms on the emergence of various
adverse effects of DAAs, particularly hepatocellular carcinoma
and liver decompensation, or if IL-12 influenced the frequency
of DAA-related adverse effects. The various extrahepatic ef-
fects of DAAs and the relationship between IL28B and IL-12
were not assessed. In addition, the effects of IL10 (rs1800896)
polymorphisms could have been assessed for recent data in
the Pakistani population as IL10 (rs1800896), along with I1L28B
(rs12979860), is also a good predictor of treatment response
in chronic hepatitis C patients [3]. An association between the
IL-28 B genotype and poor response to DAAs is required to be
studied on a large scale, to formulate national health policies.
It is essential to discover cost-effective and specific molecular
factors responsible for virological response to antiviral therapy.

Conclusion

Our findings indicate that IL28-B variability influences the an-
tiviral efficacy of DAAs and serves as a significant genetic pre-
dictive factor of treatment response in Pakistani HCV patients.
The favorable CC genotype of IL-28B rs12979860 was higher
and significantly associated with EVR and SVR in HCV-infected
patients. Moreover, we found a strong association between
high FIB-4 score and non-response to DAA therapy. These
findings contribute to anticipating the response to therapy
and have implications for reducing the cost of treatment in
HCV patients. Altogether, IL-28B genotyping plays an essential
role in the therapy choice algorithm.

Ethics Committee Approval: The study was approved by The
Army Medical College, Rawalpindi Ethics Committee (No: 02/
CREAM-A/Maleha, Date: 17/04/2014).

Authorship Contributions: Concept - M.A,, AJ.; Design — M.A,,
A.S., B.A,; Supervision - AS,, S.A,, S.S.; Materials — B.A,, S.A,, S.S,;
Data collection &/or processing — M.A., A.J,; Analysis and/or in-
terpretation - M.A,, AJ,; Literature search - A.S., B.A,, S.A.; Writing
-M.A, AlJ., AS, Critical review - B.A,, S.A., S.S.

Conflict of Interest: The authors declare that there is no conflict
of interest.

Use of Al for Writing Assistance: Not declared.

Financial Disclosure: The authors declared that this study has
received no financial support.

Peer-review: Externally peer-reviewed.

References

1. Zaki SM, Ahmed HS, Yousif MM, Awad EM. Interleukin 28B
polymorphism as a predictor of sustained virological response
to sofosbuvir-based therapy for hepatitis C Virus Patients. Trop
Med Infect Dis 2022;7(9):230. [CrossRef]

2. Bayraktar N, Bayraktar M. Evaluation of serum proinflam-
matory cytokines, oxidative stress, and other biochemical
markers in chronic viral hepatitis B and C infections. Int J Med
Biochem 2020;3(2):101-5. [CrossRef]

3. Naeemi H, Aslam R, Raza SM, Shahzad MA, Naz S, Manzoor S,
et al. Distribution of IL28B and IL10 polymorphisms as genetic
predictors of treatment response in Pakistani HCV genotype 3
patients. Arch Virol 2018;163:997-1008. [CrossRef]

4. Ali Q, Kalam [, Ullah S, Jamal A, Imran M, Ullah S, et al. Predic-
tive value of IL-28B rs12979860 variants for peg-IFN, sofosbu-
vir plus ribavirin treatment of HCV infection in Pakistani pop-
ulation. Personalized Med 2018;16(6):503-10. [CrossRef]

5. Mushtaq S, Akhter TS, Khan A, Sohail A, Khan A, Manzoor S.
Efficacy and safety of generic sofosbuvir plus daclatasvir
and sofosbuvir/velpatasvir in HCV genotype 3-infected pa-
tients: Real-world outcomes from Pakistan. Front Pharmacol
2020;11:550205. [CrossRef]

6. Nawaz A, Zaidi SF, Usmanghani K, Ahmad I. Concise re-
view on the insight of hepatitis C. J Taibah Univ Med Sci
2015;10(2):132-9. [CrossRef]

7. Sepulveda-Crespo D, Resino S, Martinez |. Strategies target-
ing the innate immune response for the treatment of hepati-
tis C virus-associated liver fibrosis. Drugs 2021;81(4):419-43.
[CrossRef]

8. Mahmoud EE, Abdel-Rasoul HA, Abdallah EHI, Hassan EA. The
effect of the polymorphism in IL-28B gene on the treatment
response of a combined therapy by sofosbuvir and daclatasvir
with and without ribavirin in HCV Egyptian patients. Fayoum
Univ Med J 2023;11(1):11-8. [CrossRef]

9. Khairy R. The relation between interleukin 28B gene poly-
morphisms (rs8099917 and rs12980275) and the response of
treatment of Hepatitis C Virus genotype 4 patients to Sofosbu-
vir and Daclatasvir therapy. Microb Infect Dis 2021;2(2):271-9.
[CrossRef]

10. Micu IS, Musat M, Al Hamdi Y. IL-28B-predictor of sustained
virological response for ifn-based regimens in chronic hep-
atitis c and criteria for optimizing DAAs indication. Rev Chem
2019;70(11):3964-6. [CrossRef]

11. Ebid A-HIM, Ahmed OA, Agwa SH, Abdel-Motaleb SM, Hagag
RS. Impact of IL28B gene polymorphism on efficacy and safety
of direct-acting antivirals in hepatitis C Egyptian patients. Int J
Clin Pharm 2020;42(4):1207-16. [CrossRef]

12. Junaid K, Rasool H, ul Mustafa A, Ejaz H, Alsrhani A, Yasmeen
H, et al. Association of IL28 B and IL10 polymorphism with
hcv infection and direct antiviral treatment. Ann Clin Lab Sci
2021;51(4):512-20.

13. Kanwal F, Kramer JR, El-Serag HB, Frayne S, Clark J, Cao Y, et al.
Race and gender differences in the use of direct-acting antivi-
ral agents for hepatitis C virus. Rev Infect Dis 2016;63(3):291-
9. [CrossRef]


https://doi.org/10.3390/tropicalmed7090230
https://doi.org/10.14744/ijmb.2020.96268
https://doi.org/10.1007/s00705-018-3711-3
https://doi.org/10.2217/pme-2018-0012
https://doi.org/10.3389/fphar.2020.550205
https://doi.org/10.1016/j.jtumed.2014.08.004
https://doi.org/10.1007/s40265-020-01458-x
https://doi.org/10.21608/fumj.2023.278457
https://doi.org/10.21608/mid.2021.54456.1099
https://doi.org/10.37358/RC.19.11.7682
https://doi.org/10.1007/s11096-020-01085-2
https://doi.org/10.1093/cid/ciw249

80

Int J Med Biochem

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Khan AJ, Saraswat VA, Ranjan P, Parmar D, Negi TS, Mohindra S.
Polymorphism in interferon A3/interleukin-28B gene and risk
to noncirrhotic chronic hepatitis C genotype 3 virus infection
and its effect on the response to combined daclatasvir and
sofosbuvir therapy. J Med Virol 2019;91(4):659-67. [CrossRef]
Hashmi A, Ahmad N, Riaz S, Ali L, Siddiqi S, Khan K, et al. Geno-
type CC of rs12979860 provides protection against infection
rather than assisting in treatment response for HCV genotype
3ainfection. Genes Immun 2014;15(6):430-2. [CrossRef]
Williams JR. The declaration of Helsinki and public health. Bull
World Health Organ 2008;86:650-2. [CrossRef]

Ghoneim S, Butt MU, Trujillo S, Asaad I. FIB-4 regression
with direct-acting antiviral therapy in patients with hepati-
tis C infection: A safety-net hospital experience. Front Med
2020;7:359. [CrossRef]

LiY, ChenY, Zhao Y. The diagnostic value of the FIB-4 index for
staging hepatitis B-related fibrosis: A meta-analysis. PLoS One
2014;9(8):105728. [CrossRef]

Wagar M, Khan AU, Rehman HU, Idrees M, Wasim M, Ali A, et
al. Determination of hepatitis C virus genotypes circulating
in different districts of Punjab (Pakistan). Eur J Gastroenterol
Hepatol 2014;26(1):59-64. [CrossRef]

Federico A, Masarone M, Romano M, Dallio M, Rosato V, Per-
sico M. Rapid virological response represents the highest
prediction factor of response to antiviral treatment in HCV-
related chronic hepatitis: A multicenter retrospective study.
Hepat Mon 2015;15(6):e18640. [CrossRef]

Fabris C, Falleti E, Cussigh A, Bitetto D, Fontanini E, Bignulin
S, et al. IL-28B rs12979860 C/T allele distribution in patients
with liver cirrhosis: Role in the course of chronic viral hepatitis
and the development of HCC. J Hepatol 2011;54(4):716-22.
[CrossRef]

Abd El-Wahab EW, Ayoub HA, Shorbila AA, Mikheal A, Fadl
M, Kotkat AM. Noninvasive biomarkers predict improvement
in liver fibrosis after successful generic DAAs-based therapy
of chronic hepatitis C in Egypt. Clin Epidemiol Global Health
2020;8(4):1177-88. [CrossRef]

Dash S, Aydin Y, Widmer KE, Nayak L. Hepatocellular carci-
noma mechanisms associated with chronic HCV infection and
the impact of direct-acting antiviral treatment. J Hepatocell
Carcinoma 2020;7:45-76. [CrossRef]

Calisti G, Tavares A, Macartney MJ, McCormick A, Labbett W,
Jacobs M, et al. IL28B genotype predicts response to chronic
hepatitis C triple therapy with telaprevir or boceprevir in
treatment and treatment-experienced patients other than
prior partial and null-responders. Springerplus 2015;4:1-9.
[CrossRef]

25.

26.

27.

28.

29.

30

31.

32.

33.

34,

35.

Abd Alla MDA, Dawood RM, Rashed HAE-H, El-Dessouky YM,
AbuFarrag GA, Ammar IA, et al. IL28B-gene polymorphisms
(rs12979860) in HCV liver parenchymal changes legitimize screen-
ing for SNPs before DAAs Therapy. Available at: https://assets.
researchsquare.com/files/rs-1023473/v1/c693c070-6925-4e05-
b305-8d35966b7559.pdf?c=1660044891. Accessed Apr 25, 2024.
Zidan HE, Talaat RM, Ammar AA, Sakr MA. Interleukin 28B
polymorphism as a predictor of response to treatment of
Egyptian HCV patients working in nuclear material authority.
Egypt J Hosp Med 2019;77(1):4742-7. [CrossRef]

Mohamad S, Yousry A, Dalia AQ, Olfat G, El Neklawi S. Impact
of IL28B polymorphism on the response to treatment of hep-
atitis ¢ with interferon-based therapy or direct acting antivi-
rals. Med J Cairo Univ 2021;89:1333-40. [CrossRef]
Watanabe T, Tokumoto Y, Joko K, Michitaka K, Horiike N, Tanaka
Y, et al. Predictors of hepatocellular carcinoma occurrence af-
ter direct-acting antiviral therapy in patients with hepatitis C
virus infection. Hepatol Res 2019;49(2):136-46. [CrossRef]

Soria A, Fava M, Bernasconi DP, Lapadula G, Colella E, Valsec-
chi MG, et al. Comparison of three therapeutic regimens for
genotype-3 hepatitis C virus infection in a large real-life multi-
centre cohort. Liver Int 2020;40(4):769-77. [CrossRef]

. Mendizabal M, Piiero F, Ridruejo E, Wolff FH, Anders M, Reg-

giardoV, et al. Disease progression in patients with hepatitis C
virus infection treated with direct-acting antiviral agents. Clin
Gastroenterol Hepatol 2020;18(11):2554-63.e3. [CrossRef]
Moghimi M, Tavakoli F, Doosti M, Ahmadi-Vasmehjani A,
Akhondi-Meybodi M. Correlation between interleukin-28
gene polymorphism with interleukin-28 cytokine levels and
viral genotypes among HCV patients in Yazd, Iran. BMC Res
Notes 2019;12:1-5. [CrossRef]

Coppola N, Pisaturo M, Sagnelli C, Onorato L, Sagnelli E. Role
of genetic polymorphisms in hepatitis C virus chronic infec-
tion. World J Clin Cases 2015;3(9):807. [CrossRef]

Tayyab GU, Rasool S, Nasir B, Rubi G, Abou-Samra AB, Butt AA.
Hepatocellular carcinoma occurs frequently and early after
treatment in HCV genotype 3 infected persons treated with
DAA regimens. BMC Gastroenterol 2020;20(1):1-7. [CrossRef]
Attallah AM, Omran D, Abdelrazek MA, Hassan M, Saif S, Farid
A, etal.1L28B rs12979860 polymorphism and zinc supplemen-
tation affect treatment outcome and liver fibrosis after direc-
t-acting antiviral hepatitis C therapy. J Genet Eng Biotechnol
2021;19(1):1-10. [CrossRef]

Salum GM, Dawood RM, Abd el-Meguid M, Ibrahim NE, Aziz
AOA, El Awady MK. Correlation between IL28B/TLR4 genetic
variants and HCC development with/without DAAs treatment
in chronic HCV patients. Genes Dis 2020;7(3):392-400. [CrossRef]


https://doi.org/10.1002/jmv.25359
https://doi.org/10.1038/gene.2014.31
https://doi.org/10.2471/BLT.08.050955
https://doi.org/10.3389/fmed.2020.00359
https://doi.org/10.1371/journal.pone.0105728
https://doi.org/10.1097/MEG.0b013e328362dc3f
https://doi.org/10.5812/hepatmon.15(6)2015.18640
https://doi.org/10.1016/j.jhep.2010.07.019
https://doi.org/10.1016/j.cegh.2020.04.011
https://doi.org/10.2147/JHC.S221187
https://doi.org/10.1186/s40064-015-1137-x
https://doi.org/10.21608/ejhm.2019.46755
https://doi.org/10.21608/mjcu.2021.185044
https://doi.org/10.1111/hepr.13278
https://doi.org/10.1111/liv.14386
https://doi.org/10.1016/j.cgh.2020.02.044
https://doi.org/10.1186/s13104-019-4651-z
https://doi.org/10.1186/s12876-020-01249-4
https://doi.org/10.1186/s43141-021-00250-y
https://doi.org/10.1016/j.gendis.2019.05.004

