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Abstract

ackground: Hepatitis C virus is affecting around 80 million people. Sofosbuvir ribavirin-based therapy

is associated with certain side effects, especially anemia. Inosine triphosphatase (/7PA) genetic

polymorphisms cause functional impairment in /7Pase enzyme, leading protection against anemia and
improving sustained viral response. This study aims to explore the impact of /7PA variants on hemoglobin
decline, ribavirin dose reduction, and sustained viral response (SVR) achievement.

Methods: This is prospective gender and age matched case-control study of HCV genotype-3a infected
individuals taking sofosbuvir-ribavirin treatment. Patient CBC, viral RNA, liver function test, and ribavirin
dose reduction were recorded monthly. /7PA polymorphisms (rs1127354) were determined and confirmed by
restriction fragment length polymorphism and sanger sequencing. Effects of polymorphism on hemoglobin
level, ribavirin dose and treatment outcome were analyzed.

Results: /7PA rs1127354-CC genotype patients experience significant reduction in level of Hb leading to
ribavirin dose reduction. Low mean Hb levels were observed in these individuals at first and last month of
treatment. No statistical difference was observed in adverse effects on basis of /7PA genotype except fever.
Age, BMI, and /7PA genotype rs1127354-CC were independently associated (p< 0.05) with a decrease in Hb
level > 2g/dl below the baseline and ribavirin dose reduction. All patients with rs1127354 CA genotype
achieved SVR.

Conclusion: Pretreatment determination of /7PA polymorphism can further optimize HCV treatment with
new direct-acting antivirals. /7PA rs1127354-CA has a protective role against ribavirin-associated anemia
development and individualized management of ribavirin dose and along with the achievement of better SVR
rates.
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Introduction

HCV infection is globally prevalent chronic infections
affecting millions of people [1]. The Hepatitis C virus is
an enveloped, single-stranded RNA virus, belonging to
the Flaviviridae family of viruses [2]. HCV genome
contains a hypervariable region which subsequently
results in multiple genotypes and sub-genotypes
distributed across the world [3].

Globally Pakistan is ranked the second number after
Egypt among countries with approximately 11 million
HCV reported cases and continuously increasing HCV
burden [1,4]. Unfortunately, HCV is much diverse in
structure due to the high mutation rate, there is no
strict pan-genotypic treatment available for the
hepatitis C virus [5,6]. Treatment of HCV was
revolutionized in mid-2011 by introduction of direct-
acting antiviral therapy agents (DAAT) with much-
improved treatment outcomes [7]. For past 20 years,
ribavirin has worked as an essential component of anti-
HCV antiviral therapy. It helped to improve treatment
effectiveness, but it causes therapy-limiting adverse
effects. Initially, due to discovery of direct-acting
antivirals (DAAs) it was anticipated that use of ribavirin
as antiviral treatment would be abolished but in
contrast to this ribavirin retains its role in the
treatment and is particularly helpful for difficult-to-
treat cases [8].

Polymorphism of the /7PA gene has been reported to
predict anemia and treatment response while on
therapy [9-11]. Deficiency of /7Pase enzyme not only
protects the individuals from anemia due to ribavirin
but also helps them to stick to their recommended and
planned ribavirin dose [12].

Certain host-related pretreatment characteristics
such as patient age, gender, and genetic
polymorphisms are also reported to impact HCV
antiviral response, disease progression, and treatment
outcome by many researchers. As Asians seem to
achieve better SVR rates as compared to Caucasians.
The age of the patient and female gender was also
reported to impact HCV therapy outcome [13-15]. Many
researchers reported pretreatment demographic and
baseline laboratory parameters to relate to the
achievement of sustained viral response. [16-18].
Narciso et al stated that gender, age, and pretreatment
viral load have also been reported as independent
prognostic factors for the achievement of sustained
viral load in HCV-positive patients [17].

Studies from Japan reported an association of /7PA
SNP rs1127354 polymorphism with anemia occurrence
and reduction in the amount of ribavirin dose. They
found baseline variables including the age of the
patient, baseline Hb, and /7PA rs1127354-CC were
independently associated with anemia development
[10,19]. Less Hb reduction was observed in patients

carrying the ITPA rs1127354 minor allele-A. Some
studies have reported that females experience greater
hemoglobin reduction during ribavirin therapy, while
others suggest that young, fertile-age females may
have a relative protective effect against ribavirin-
induced hemolytic anemia [20].

Literature shows that patient genetic and
demographic factors play etiological roles in ribavirin-
associated anemia development and ribavirin dose
reduction during ribavirin-based antiviral treatment.
However, there is a paucity of published data on the
risk factors linked with ribavirin-associated anemia in
the Pakistani population. Therefore, the objective of
this study was to explore the protecting role of /7PA CA
genotypes on anemia due to ribavirin, ribavirin dose
reduction, and therapy outcomes in HCV-infected
individuals taking sofosbuvir ribavirin therapy, along
with age and gender-matched /7PA-CC genotype
patients (Controls) to reduce the confounding effects.

Methods

Study design and patient selection

Over-all 78 HCV infected patients with matched ages
and gender were selected for the study. Patients were
in the age range of 21-59 years, both genders, HCV
genotype 3a infected, and were treatment-naive. The
patients were enrolled and drug sofosbuvir 400mg once
daily along with weight-based ribavirin (1000 mg/day
for <75 kg body weight and 1200 mg/day for >75 kg
body weight) was given for 6 months. After approval
from the ethical committee (reference number IRB-
UOL-FAHS/565), HCV patients receiving direct-acting
antiviral treatment were invited to participate and
provided written informed consent. Predesigned
proforma was used to record the demographic data of
HCV patients.

Efficacy assessments

At baseline, study samples were screened for Hepatitis
C virus (HCV), Human immune deficiency virus (HIV)
and Hepatitis B virus (HBV) by enzyme-linked
immunosorbent assay (ELISA). Liver ultrasound and
tests including real-time PCR Hepatitis C Viral RNA
level, Liver function tests (LFTs) and Complete blood
count (CBC) were performed monthly (1-6 months).

Study Endpoints

Individuals with the undetectable viral RNA at the end
of 6-month antiviral therapy were considered to have
achieved complete viral response (CVR). Undetectable
HCV RNA at the end of 6-month treatment and
detectable HCV RNA during follow-up was defined as
Relapse. Patients with an undetectable viral RNA at the
end of 6-month antiviral therapy and again 6 months
after completion of therapy were considered to have
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achieved sustained viral response (SVR) [21,22]. Rate of
SVR achievement was recorded Per protocol analysis
(PPA) in which those patients were included who
adhere to therapy till completion and had SVR status
assessed post-treatment completion [23]. Another
important study endpoint was anemia in HCV patients
during DAA (sofosbuvir ribavirin) therapy. Where
anemia was defined as Hb concentration < 10.0 g/dL or
a decrease in Hb concentration by > 2.0 g/dL from
baseline Hb [19].

ITPA polymorphism determination through PCR-RFLP
Blood was drawn in aseptic conditions. DNA extraction
was performed following the method previously
described [24]. ITPA gene was amplified by following
conditions: PCR master mix (Thermo Scientific,
Thermo Fisher) was used with template DNA at a
concentration of 5-10 ng/uL. The primer sequence was
used as mentioned earlier [23]. The thermal cycle
conditions were Denaturation at 94°C for 10 min then
35 cycles of 95 °C for 1 min, annealing at 55 °C for 30
sec, extension at 72 °C for 30 sec, and final extension at
72 °C for 10 min.

PCR products were visualized under ultraviolet light
after running gel electrophoresis. PCR product band
size was 213 bp. Following PCR, /TPA genotypes were
investigated using Restriction fragment length
polymorphism (RFLP). For this purpose, PCR products
were treated overnight with the restriction enzyme
Xcel to investigate the presence of rs1127354
polymorphisms. In the case of polymorphism
rs1127354, the 213 bp PCR product remained uncut
(213 bp) for the CC genotype, was completely digested
into 135 bp and 78 bp fragments for the AA genotype,
and showed three bands (213, 135, and 78 bp) for the
heterozygous CA genotype [23]. Genotypes were in
Hardy-Weinberg equilibrium. For further confirmation
of RFLP results, Sanger sequencing was conducted.

Patient allocation to groups

HCV patients were divided into two groups on basis of
ITPAs1127354 genotypes.

Group A= HCV-infected patients with /7PA genetic
polymorphism rs1127354 genotype-CC.

Group B = HCV-infected patients with /7PA genetic
polymorphism rs1127354 genotype-CA.

No patients with the AA genotype were observed in this
cohort.

In both groups, there were an equal number of male
and female patients, and their age was also matched.

Statistical analysis

Comparative analysis of data was performed
concerning the /7PArs1127354 genotype of the patient.
Data normality was tested using Shapiro-Wilk test.
Qualitative variables were reported as percentages and

frequencies whereas quantitative variables were
reported as interquartile range (IQR), mean * standard
deviation (SD) and medians. Chi-square test (X2) was
used to compare categorical variables. Continuous
variables were analyzed through Mann-Whitney U test.
Log-rank test and Kaplan-Meier analysis were used to
determine and compare ribavirin dose reductions
between both groups (A and B) on basis of /7PA
rs1127354 CC and CA genotypes. Binary logistic
regression was applied to identify variables associated
with Hb reduction > 2 g/dL during 6-month treatment.
A p-value of less than 0.05was considered statistically
significant. All tests were two-tailed and performed
using SPSS software version 25.

Results

Over all 78 HCV infected individuals were enrolled for
the study out of which 68 (divided in 2 groups on basis
of ITPA 1s1127354 CC and CA genotype) patients
completed 6-month antiviral therapy. The JI7PA
rs1127354 major allele-C frequency was 0.875 and
minor allele-A frequency was 0.125. Forty-four (64.7%)
out of 68 patients were males and 24 (35.3%) were
females. Each group (group A: ITPA rs1127354-CC and
group B: ITPA rs1127354-CA) contained 34 patients.
The total study population consisted of 44 males and
24 females. Normal liver architecture was seen in 50%
of patients, whereas 28 (41.2%) patients had fatty liver.
No significant difference (p > 0.05) was observed
between the liver architecture of patients based on
ITPA SNPs. Also, no statistical evidence of difference in
pretreatment characteristics of both group A and group
B patients was observed (Table 1).

Variable Group A Group B -
CC genotype Non-CC genotype value
Age 42.4%12.0 (21-59) 42.4%12.4(21-59) 0.95
BMI 24.7%5.0 (16.7-37.1) 25.3%3.8(20-34) 0.49
Hemoglobin g/dL 13.0£1.0(11-15.9) 13.1¢1.3(11.8-16.1) 0.52
HCV RNA by PCR 2.6 x 10°+5.6 x 10° 2.7 X10°3.9 X10° (1.3 0.81
(IU/ml) (1.3x 10%-3.2 x 107) X10*-1.3 X107)
Hematocrit 1/1 38.7%3.1(34-46) 38.6+3.7(35-49) 0.94
Total leukocyte count 6.9%2.1(4-15.5) 7.8+2.2(3.9-13.1) 0.16
(x10%/L)
Platelets (x10° cells/L) 219+69(100-400) 204+67(100-401) 0.23
Total Bilirubin (mg/dL) 0.7%0.2(0.4-1.5) 0.7+0.4(0.4-1.9) 0.40
ALT (U/L) 73+43(25-225) 69+33(24-162) 0.62
AST (U/L) 82+58(25-216) 72£45(29-201) 0.33
Serum Urea mg/dL 28.9%3.5(21-35) 28+4.8(21-39) 0.35
Serum creatinine mg/dL 0.7%0.1(0.6-1.4) 0.7%0.1(0.5-1.0) 0.59

Abbreviations: Alanine aminotransferase (ALT), Body mass
index (BMI), Aspartate amino transferase (AST), Standard
deviation (SD)

Table 1: Demographic profile of HCV infected individuals with
reference to their ITPA rs1127354 CC and CA genotypes

ITPA 151127354 genotypes and treatment outcome

Overall, CVR achievement rate was 100% as all patients
were negative for HCV RNA presence after 6-month
anti-HCV antiviral therapy. Sixty eight out of 78
patients were positively followed till SVR per-protocol
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analysis (PPA). Overall SVR achievement rate was
94.1%, whereas the remaining showed relapse upon
follow-up 6 months after treatment completion. There
was no significant difference in SVR achievement rates
on basis of patient gender (p = 0.52). However, there
was significant difference in SVR achievement rates of
HCV-positive patients on basis of patient 7/7PA
rs1127354 genotype. As all patients (100%) with the
ITPA rs1127354 CA genotype achieve SVR with no case
of relapse was observed. Figure 1 shows details of /7PA
SNP rs1127354 wise distribution of treatment outcome.

‘ Age and gender matched patients accessed for study 10 patients not completed treatment
(n=78) *  Non compliance fo treatment till
CVR achievement
+ Loss of follow-up
+ 1 patients Expired

)_ All 68 patients achieve CVR (100%)

Treatment failure (0%)

‘ Group allocation on basis of ITPA
151127354 (n = 68)

i Group A Group B
‘ ITPA-CC genotype ITPA-CA genotype
(n=34) J L (m=34)
o4
Relapse SVR 30 SVR34 \ / Relapse \
4(12%) (88%) (100%) \ 0(0%) /
p=0039 |

Abbreviation: Complete viral response (CVR), Sustained viral
response (SVR), number of patients (n). Inosine triphosphate
(ITPA).

Figure 1: Flow chart presents ITPA rs1127354 genotype wise
distribution of anti-HCV antiviral treatment outcome (SVR
achievement) in HCV patients receiving Sofosbuvir ribavirin
therapy.

Reduction in Hb level and ribavirin dose on basis of
ITPA1s1127354 genotypes

Hb reduction from baseline to the 1st month of
treatment was recorded, and 45 (66.2%) HCV patients
experienced >2 g/dL Hb reduction from baseline to the
first month of treatment, while 23 (33.8%) patients had
<2 g/dL Hb reduction. A statistically significant
difference (p < 0.05) was observed in the level of Hb
reduction compared with baseline in ITPA rs1127354
(Figure 2A). Ribavirin doses were decreased in response
to Hb reduction. Overall, 41 (60.3%) patients
experienced ribavirin dose reduction compared to the
planned ribavirin dose. Patients with the ITPA SNP
rs1127354-CC  genotype frequently experienced
ribavirin dose reduction compared to the CA genotype
(Figure 2B).

There was no statistical difference in mean
hemoglobin levels of both groups A and group B
patients at baseline. Monitoring patients’ hemoglobin
levels on monthly basis presented a statistically
significant difference (p < 0.05) in mean hemoglobin
levels on the first and second month of therapy on
basis of ITPA rs1127354 genotypes. A significant
difference in mean hemoglobin levels was further
found in the 5% and 6™ months of treatment Table 2.

Throughout the treatment, Hb < 10 g/dL was observed
in 21% of patients. Significant difference (p= 0.01) was
found in an overall number of patients who experience
Hb levels 10g/dl or below on basis of patients' /7PA
genotype. Statistically significant difference (p= 0.04)
was also found in hemoglobin levels of patients who
had less than 10g/dl Hb at 1%t month of treatment as
compared to baseline hemoglobin levels on basis of
ITPA rs1127354 genotypes CC and CA. HCV patients
with /TPA 1s1127354 -CC genotype frequently
experience Hb less than 10g/dl at the first month of
treatment (Figure 3).

90 |, mHbD reduction more than 2g/dl A

80 | ®HDb reduction less than 2g/dl /
p =0.04*

40

Percentage of patients (%)

[
(=]

ITPA 1s1127354-CC ITPA 151127354 CA

80  wRibavirin dose reduction 73.5 B

70 ® No ribavirin dise redction [~ 5576+

o
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W s ha O
o O

]
(=T ]

Percentage of patients
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Figure 2: Reduction in Hemoglobin level and ribavirin dose
reduction on basis of ITPA rs1127354 genotypes. (A)
Hemoglobin decline = 2g/dl from baseline to 1st month of
treatment with reference to patients ITPA rs1127354 genotypes.
(B) Ribavirin dose reduction during treatment with reference to
patients ITPA rs1127354 genotypes. * Statistically significant p
value.

Patient Hb ITPArs1127354 p -Value
month-wise Group A Group B
CC genotype (n=34) CA genotype (n=34)

Mean +SD | Range Mean +SD | Range
Hb (BL) 12.9£1.0 11.0-15.2 13.2+1.3 11.9-16.1 0.523
Hb (1M) 11.1£1.5 8.1-14.1 12.0£1.8 8.6-15.2 0.02 *
Hb (M2) 11.0£1.3 7.9-13.9 11.8+1.4 9.4- 14.3 0.05 *
Hb (M3) 11.0%1.3 7.5-14.0 11.5+1.2 9.5-14.5 0.23
Hb (M4) 11.0£1.2 8.0-13.8 11.6 £1.1 9.7- 14.6 0.12
Hb (M5) 10.9 +1.1 8.6-13.8 11.5+1.1 10.0-14.3 0.03 *
Hb (M6) 10.8 £1.2 8.6-14.1 114%1.3 10.0- 14.2 0.04 *

Abbreviation: Hemoglobin (Hb), Month (M), M1, M2, M3, M4,
M5, M6 presents time in months. Baseline (BL), Number of
patients (n), Standard deviation (SD). * Statistically significant (p
<0.05).

Table 2: Month-wise comparison of hemoglobin reduction on
basis of HCV infected patient's ITPA rs1127354 genotypes.
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Figure 3: Proportion of HCV-infected patients with hemoglobin <
10 g/dL overall and at month 1, by ITPA rs1127354 CC vs CA
genotypes.

Safety and tolerability analysis

HCV patients taking sofosbuvir ribavirin also
experience different adverse effects during antiviral
treatment. Patient-reported adverse effects were
recorded and compared on basis of patient gender
statistically significant difference (p < 0.05) was found
in complaints of nausea and muscle pain where female
patients reported these complaints significantly high (p
< 0.05). No statistical difference was observed in
patients reported adverse effects concerning /7PA
genotypes except fever which was reported in a
significantly high (p< 0.05) number of individuals with
ITPA 1s1127354-CC genotype. The most reported
adverse effects were fatigue, fever, joint ache, and
headache (Figure 4).

100 m ITPATs1127354-CC

40

30

" I I I

X Ll
o mu. 0.1 -
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e
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mITPATs1127354 CA

Percentage of patients
o
=]

Q\O
Figure 4: HCV infected patient reported adverse effects
experienced during sofosbuvir ribavirin antiviral therapy. *
Presents statistically significant p value.

Survival analysis

As a result of adverse effects like anemia, ribavirin dose
was reduced in on-therapy chronic HCV-infected
patients at different months of treatment. Survival
analysis using a log-rank test was performed to
determine the difference in the number of months
when patient experience the 1stdose reduction of
ribavirin with reference to /7PA rs1127354 CA and CC
genotypes. A significant difference (p = 0.04) was
observed between month-wise (baseline to 6-month

therapy) ribavirin dose decrease in /7PA CC and CA
genotype (Figure 5).

Survival Functions
rs 1127354

10
I —mce

—ICA
{+ CC-censared

08 _\_l_1 —CA-censared

05 *\—I—l
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Cum Survival

02

00

00 1.00 200 300 400 500 600

month of ribavirin reduction
Figure 5: Kaplan- Meier survival curve presenting ribavirin dose
reduction on basis of ITPA CC and CA genotypes in HCV-infected
patients.

Predictive factors associated with Hemoglobin
reduction >2g/dl below the baseline Hemoglobin levels

To find out which patients’ pretreatment
characteristics can impact the decrease of hemoglobin
level leading to ribavirin dose reduction Binary logistic
regression was applied. Nagelkerke R*2 = 0.57. Age of
the patient, BMI, and /7PA genotype rs1127354-CC
were significantly (p<0.05) linked with decrease in Hb

level > 2g/dl below the baseline Hb value (Table 3).
Baseline variables 0Odds ratio (95% CI) P-value
Age 1.12(1.04-1.22) 0.003*
Gender 0.28(0.03-2.5) 0.26
BMI 0.79(0.63-0.98) 0.03*
ITPArs1127354 7.13(1.3-37.4) 0.02*
Hb 1.02(0.44-2.37) 0.95
Viral load (per log10 1.00(1.00-1.00) 0.28
1U/mL)

WBC 0.90 (0.61-1.33) 0.62
PLT 0.99(0.98-1.00) 0.26
Total bilirubin 0.62(0.04-8.1) 0.71
ALT 0.97(0.93-1.00) 0.10
AST 1.03(0.99-1.06) 0.08
Urea 0.88(0.72-1.07) 0.22
Creatinine 1.20 (0.08-1.76) 0.94

Abbreviations: Hemoglobin (Hb), Body mass index (BMI), White

blood cell count (WBC),

alanine aminotransferase (ALT),

Aspartate amino transferase (AST), Platelet (PLT).* Statistically
significant (p < 0.05).

Table 3: Logistic regression analysis of HCV patient baseline
characteristics associated with a reduction in Hb level 22g/dl
below the baseline Hb value.

Discussion

HCV is a positive sense RNA virus that is an important
cause of chronic hepatitis, cirrhosis, and liver cancer
[25]. Understanding of HCV pathogenesis guided
researchers in development of tolerable oral direct-
acting antivirals. DAA therapies are more specific in
action and can be used as single therapies or in
combination with other therapies (interferon and
ribavirin) with more than 90% HCV cure rates [5].
Researchers from Pakistan stated that interplay
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between environmental, viral and host-based factors
determine clinical outcome of hepatitis C infection.
The study showed the relevance of different genetic
polymorphisms in HCV-infected patients in response
to treatment. They reported that pretreatment
evaluation of host genetics can be used to upgrade
anti-HCV  therapies. Genotyping of Pakistani
individuals for the relevant polymorphisms should be
conducted tocategorize the individuals which are at
greater risk of side effect development patients and
those who can give a better therapy outcome.
Genotyping of patients at baseline would have both
financial and clinical benefits in the long term [26].
Based on previous literature, /7PA polymorphism has
been identified to affect /TPA activity and reduce the
expression of the /7PA gene causing /TPase deficiency
and leading to ribavirin-induced anemia. The frequency
of this polymorphism is reported different in different
populations [27]. In south Asian populations the /7PA
rs1127354 major allele-C frequency was 0.867/351 and
the minor allele frequency was 0.132/351 [28]. Similar
allele frequency was observed in the present study as
ITPA 1s1127354 major allele-C frequency was 0.875/78
and minor allele-A frequency was 0.125/78.

Current study presented a significantly high number
of individuals with the I7PA rs1127354-CC variant
experienced >2g/dl Hb reduction as compared to
patients having /7PA rs1127354-CA genotype when Hb
levels were evaluated with reference to baseline Hb
levels. Similarly, /7PA rs1127354-CC genotype patients
frequently experience Hb less than 10g/dl at the first
month of treatment as compared to the J/7PA
rs1127354-CA genotype. The frequency of the patients
with ribavirin dose reduction was also significantly
higher in the /7PA SNP rs1127354-CC genotype as
compared to the CA genotype due to Hb reduction.
Monitoring of patients’ hemoglobin levels on monthly
basis during HCV antiviral therapy presented I/7PA
rs1127354-CC patients had low mean Hb levels at
different months especially at the first month of
treatment and near the end of treatment. SVR
achievement rate was significantly high (p=0.03) 100%
in /TPA rs1127354 CA patients with no case of relapse
observed in rate J/TPA 1s1127354 CA patients.
Consistently, a study from Japan has not found
statistical evidence that variation in /7PA genotype
directly associated with SVR, although in their study all
non-SVR patients were /7PA-CC genotypes. Although
their results indicated that
ITPAvariant rs1127354CA/AA plays a significant role
in preventing ribavirin-induced severe anemia [29].
Another study on Japanese HCV genotype 2 infected
individuals determined that J/7PA CC genotype
individuals had significantly higher Hb reduction and
ribavirin dose reduction throughout treatment than

those with a non-CC genotype. Overall Hb level below
10g/dl was also more frequently observed in /7PA-CC
patients. Increased age of the patient and /7PA-CC
genotype independently associated with significant Hb
reduction throughout the treatment course. SVR
achievement rate was 98.7% in the /TPA-CC genotype
and 100% in non-CC genotype patients. They described
that polymorphism of the /7PA gene seemed to
correlate with incidence of anemia and ribavirin dose
reduction during sofosbuvir ribavirin treatment, but
not with treatment clinical outcome [30].

Sheikh et al. from Peshawar Pakistan also determined
that chronic HCV-infected patients having CA/AA
genotype at /7PA SNP rs1127354 are protected against
anemia while receiving interferon and ribavirin
combination therapy [31]. Similarly study from
Hyderabad Pakistan evaluated anemia frequency (Hb
level <10gm/dl) in HCV (genotype-3) infected
individuals at 1%, 3¢ and 6™ months of ribavirin-based
therapy. They experience that, anemia is a common
obstacle of ribavirin-based anti-HCV treatment. Total,
76.4% of patients experiences more than 2 grams
dropped in hemoglobin at 15t month from baseline and
22% of patients experienced anemia Hb<10 gm/dL.
Anemia was more frequently observed in female HCV
patients [32]. A meta-analysis also described significant
association between /7PA rs1127354 genetic variation
and Hbreduction, severe anemia, reduction in ribavirin,
and SVR achievement rates of HCV-infected patients.
Their results indicated /7PA rs1127354-CA genotype
patients were protected to develop hemolytic anemia,
severe anemia and showed good SVR achievement
rates as compared to /7PA rs1127354-CC genotype
patients and testing for /7PA genetic variations can
benefit patients [33]. A study from Italy reported /7PA
rs1127354 genetic variations in HCV-infected patients
as a predictor of ribavirin-associated anemia overall
and at the 1% month of treatment. They aimed to
forecast anemia at 1% month, after which clinicians
usually assess and readjust ribavirin dose. It was
experienced that variant allele (CA/AA) in rs1127354
and Hb level at baseline was independently linked to
protection against significant anemia at 1% month.
They also study other /7PA polymorphisms rs7270101
and rs6051702 and they were also significantly
associated with anemia onset in their population. Their
study proposed the pretreatment identification of /7PA
polymorphisms to estimate the individual risk of
treatment-induced anemia and can have increased
ribavirin dose in individuals with a smaller risk of
anemia and improved SVR rates [34]. Researchers from
Spin studied polymorphism 7/7PA rs1127354 and the
risk of anemia due to ribavirin at the 1%t, 3" and 9t
month of treatment with reference to baseline Hb in
HCV/HIV coinfected individuals receiving ribavirin
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with interferon as antiviral therapy. Hb reduction was
significantly greater in patients with the /7PA
rs1127354-CC genotype than in those with the CA/AA
genotype. Ribavirin dose reduction and use of
erythropoietin therapy were significantly high in /7PA-
CC genotype patients. Data suggest the polymorphism
of ITPA influence Hb levels, ribavirin dose reduction,
and frequency of erythropoietin use but have no impact
on SVR achievement in their population. In their study
patients were infected with different HCV genotypes
(1,3 and 4) [35]. A study from Iran stated that both host
and virus-related parameters play an important part in
hepatitis C progression and therapy response.
Polymorphism of the /7PA gene influence ribavirin-
based hemoglobin decline and is an appropriate
candidate for predicting ribavirin-induced hemoglobin
decline in the Irani population [36]. Assessment of
anemia risk using patient /7PA genotyping is especially
useful for high-risk patients such as patients with pre-
existing anemia, elder age or lower renal function [29].
In present study no statistical difference in patient-
reported adverse effects with reference to 77PA CC and
CA genotypes was observed except fever which was
reported in a significantly high (p < 0.05) number of
individuals with J/7PA rs1127354-CC genotype. The
most commonly reported adverse effect was fatigue,
fever, joint ache, and headache. Age of the patient,
BMI, and [/7PA genotype 1s1127354-CC were
significantly (p< 0.05) associated with a decrease in Hb
level > 2g/dl below the baseline Hb value leading to
ribavirin dose reduction. Researchers from Pakistan
also described the influence of patient demographic
factors such as age and gender impact the incidence of
HCV and antiviral therapy treatment response [37-39].
Anti-HCV therapy is also associated with certain
adverse effects such as hematological abnormalities
influenza-like symptoms and psychiatric symptoms
which could result in dose reduction or even
discontinuation of therapy. To avoid these adverse
events and reduce the cost of antiviral treatment it is
essential to predict an HCV patient’s response before
treatment through evaluation of the patient's baseline
characteristics [40]. The most frequently adverse events
of direct acting antivirals in previous studies were
fatigue, nausea, diarrheaand, headache[41-43]. Welzel
et al. also reported that sofosbuvir ribavirin
combination therapy is safe and effective as antiviral
therapy for HCV patients. The adverse events
commonly reported during treatment included anemia,
fatigue, nausea, headache, rash, insomnia, and flu-like
symptoms. About 2.8% of patients discontinue
treatment due to adverse effects [44]. In contrast to the
present study, Attiaet al. reported that the males
frequently reported occurrence of adverse events to
DAA therapy [45]. Vidal et al. reported no significant

associations between flu-like symptoms, depression,
and /TPA genetic variants however gastrointestinal
disturbances was associated with /7PA polymorphism
(p=0.04) [46]. A study from Karachi Pakistan reported
ribavirin dose reduction in around 16% of patients
during anti-HCV antiviral therapy. Whereas weakness,
light-headedness, and fatigue were frequently reported
as adverse effects. Around 23.6% of patients had severe
anemia. The anemia was significantly associated with
the age of the patients (p<0.05) but not with gender
[47]. Similarly, Thompson et al. reported that minor
allele /7PA polymorphisms rs1127354 were associated
with ribavirin-associated anemia but were not
associated with an increase in SVR rate [48]. Kim et al.
reported from Korea also reported similar findings [49].
Urabe et al reported individuals with the /7PA CC
genotype experienced frequent Hb reduction during
antiviral therapy than individuals with 77PA CA/AA
genotype [50].

This age and gender-matched case-control study was
conducted on two groups (/7PA-CC and CA) patients
infected with HCV genotype 3a taking sofosbuvir
ribavirin treatment to minimize the confounding effect
of the difference in age, gender, HCV genotype, and
therapy regimens. The study concludes that patients
having the /TPA rs1127354-CC genotype are prone to
on-therapy anemia development leading to ribavirin
dose reduction, especially at the first month of
treatment after which clinicians adjust the treatment
dose. A statistically significant impact of patients'
ITPA genotype 151127354 CA was observed on the SVR
achievement rate as all patients with /7PA rs1127354
CA genotype achieve SVR. However, no significant
difference was recorded in patient reported adverse
effects on basis of /7PA genotype difference except
fever was reported in a significantly high number of
patients with 77PA rs1127354-CC genotype. The study
highlight, that patient age, BMI, and /7PA genotype
rs1127354-CC were significantly associated with a
decrease in Hb level > 2g/dl below the baseline Hb value
leading to ribavirin dose reduction. These results also
suggested the protective/ valuable role of [7PA
rs1127354-CA genotype for individualized
management of on-therapy anemia, ribavirin dose
along with the achievement of better SVR rates.
Pretreatment identification of patient /7PA genotype
can work as a prognostic tool in clinical practice to
identify patients with high-risk of anemia in
management of HCV infection and those who can get
the beneficial effect of ribavirin. Pretreatment
determination of J/7PA polymorphism can further
optimize HCV treatment with new direct-acting
antivirals.
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The limitation of the study was a smaller sample size
especially the number of female patients was less in
both groups.

Future: Further studies determining the serum level of
ribavirin and its association with Hb reduction can be
done. The impact of the /7PA rs1127354 genotype on
serum /7Pase enzyme levels can be measured.
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