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Background: Chronic HCV represents one of the common causes of chronic liver disease worldwide with Egypt having the highest
prevalence, namely genotype 4. Interleukin IL-28B gene polymorphism has been shown to relate to HCV treatment response, mainly in
genotypel.

Objectives: We aim to evaluate the predictive power of the rs12979860 IL28B SNP and its protein for treatment response in genotype 4
Egyptian patients by regression analysis and decision tree analysis.

Patients and Methods: The study included 263 chronic HCV Egyptian patients receiving peg-interferon and ribavirin therapy. Patients were
classified into 3 groups; non responders (83patients), relapsers (76patients) and sustained virological responders (104 patients). Serum IL
28 Bwas performed, DNA was extracted and analyzed by direct sequencing of the SNP rs 12979860 of IL28B gene.

Results: CT, CC and TT represented 56 %, 25 % and 19% of the patients, respectively. Absence of C allele (TT genotype) was significantly
correlated with the early failure of response while CC was associated with sustained virological response. The decision tree showed that
baseline alpha fetoprotein (AFP <2.68 ng/ml)was the variable of initial split(the strongest predictor of response) confirmed by regression
analysis. Patients with TT genotype had the highest probability of failure of response.

Conclusions: Absence of the C allele was significantly associated with failure of response. The presence of C allele was associated with
a favorable outcome. AFP is a strong baseline predictor of HCV treatment response. A decision tree model is useful for predicting the
probability of response to therapy.
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economic approach to predict failure of response (9).
Several independent genome-wide association stud-
ies (GWAS) reported single nucleotide polymorphisms
(SNPs) near the IL28B (IFN-A3) locus that displayed asso-
ciation with treatment response, mainly in HCV geno-
type 1(10-12). There are a few data so far regarding the role
of 1L28B polymorphism in HCV-4 patients with respect

1. Background

Hepatitis C virus (HCV) infection is one of the main
causes of chronic liver disease worldwide (1). Egypt has
the highest prevalence of adult HCV infection in the
world, averaging 15%-25% in rural communities (2), with
> 90% of cases having HCV genotype 4 (3). Furthermore,

epidemiological reports indicate that HCV genotype 4 is
beginning to spread from its native African and Middle
Eastern origins to countries of Southern Europe such as
France, Italy and Spain and in some foci in the United
States, particularly among intravenous drug users (4-6).
Combined pegylated interferon and ribavirin therapy are
still the most effective therapies in HCV-4 (7), although
the rate of sustained virological response (SVR) is around
50% (8). It is of major interest for both patient care and

to response to antiviral therapy or fibrosis progression
(13). Arecent study, investigated the levels of IL-29 and IL-
28 in patients with different outcomes of HCV infection
and demonstrated that patients with chronic hepatitis C
had significantly lower IL-29 serum levels than subjects
who had spontaneously cleared a previous HCV infection,
healthy controls and carriers of a rs12979860 C allele con-
sistently tended to have higher IL-29 and IL-28 serum lev-
els than subjects with a T/T genotype in all study groups

Implication for health policy/practice/research/medical education:

IL 28B gene polymorphism and its importance in chronic HCV Egyptian patients with genotype 4 showed that CC genotype is associated with favorable
response, while absence of C allele is associated with failure of response. AFP cut off level below or equal to 2.68ng/ml is the strongest predictor of re-
sponse either by data mining and decision tree analysis and regression analysis.
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(14). The decision tree analysis tool, a core component of
data mining analysis, was applied for the prediction of
early virological response to combined interferon-ribavi-
rin therapy in chronic HCV (15) and sustained virological
response (16). Combined host factors such as age, gender,
liver fibrosis in addition to laboratory investigations
were identified as predictors of the therapeutic effects
in chronic HCV patients through the application of data
mining analysis (17).

2. Objectives

The objective of this study was to evaluate the predic-
tive power of the rs12979860 IL28B SNP and its protein
for treatment response in HCV Egyptian patients by re-
gression analysis and decision tree analysis in relation to
other predictors of response.

3. Patients and Methods

3.1. Selection of Patients

Cross sectional study included chronic HCV 263 pa-
tients candidate for treatment with combined interferon
and ribavirin therapy. Patients were recruited from Qua-
hera Fatemyia Hospital, a referral center for treatment
of HCV in Egypt under the supervision of the Ministry of
health as part of the national project for combating viral
hepatitis. The selection and stratification of the patients
were based on the availability of the kits and the finan-
cial cost of the equipment. Also, the available complete
data of the patients was included in the study. Patients
were subjected to thorough history taking, clinical ex-
amination and routine pre-treatment work up includ-
ing: complete blood picture (CBC), serum transaminases
(AST, ALT), total and conjugated bilirubin, albumin, al-
kaline phosphatase, urea creatinine, prothrombin time
and concentration and HBsAg, HBcAb, anti-shistosomal
antibodies, alpha fetoprotein (AFP), thyroid stimulating
hormone (TSH), blood sugar, serum creatinine and HCV
quantitative PCR. Histopathological examination of his-
tological activity and degree of hepatic fibrosis, of ultra-
sound guided percutaneous liver biopsy, was performed
according to the Metavir score (18). The information was
largely collected from medical notes and checked for
completeness and correctness. Data cleansing was ap-
plied for detecting and correcting (or removing) corrupt
or inaccurate records from a record set or database in
addition to the removal of typographical errors or vali-
dation and correction of values against a known list of
entities. High quality data was characterized by accuracy,
integrity, completeness, validity, consistency, uniformity
and uniqueness.

3.2. Serum IL28 Quantification

Serum IL28 was assessed by enzyme-linked immunosor-
bent assay (ELISA) using Cusabio Biotech Co., LTD, China.
This assay employs the quantitative sandwich enzyme
immunoassay technique. The color development and the
intensity of the color are measured.

3.3. DNA Collection, Extraction and IL28B Genotyp-

ing

Blood was collected into EDTA tubes. Genomic DNA was
extracted using the QIAamp DNA Blood Mini Kit (Qia-
gen, Hilden, Germany) according to the manufacturer’s
instructions. DNA quality was assessed by calculating
the absorbance ratio OD260nm/280nm using Nano-
Drop model ND-1000 (Wilmington, USA). DNA samples
were subjected to DNA quantitation and purity assess-
ment using the NanoDrop® (ND)-1000 spectrophotom-
eter (NanoDrop Technologies, Inc. Wilmington, USA). All
equipment were calibrated. DNA quantitation the Nano-
Drop spectrophotometer was blanked; a spectrum was
taken as a reference material (blank) and was stored in
the memory as an array of light intensity by wavelength.
Measurement of a sample was taken; the intensity of light
that had transmitted through the sample was recorded.
The sample intensities along with the blank intensities
were used to calculate the sample absorbance. The calcu-
lation of the concentration was automated. IL28B variant
1512979860 was detected using an allelic discrimination
(AD) assay; a multiplexed (more than one primer/probe
pair per reaction) end-point (data is collected at the end
of the PCR process) assay that detects variants of a single
nucleic acid sequence in TagMan® Gene Expression As-
says. The presence of two primer/probe pairs in each reac-
tion allows genotyping of the two possible variants at the
single-nucleic polymorphism (SNP) site in a target tem-
plate sequence. For each sample in an AD assay, a unique
pair of fluorescent dye detectors is used, for example, two
TagMan® MGB probes that target a SNP site. One fluores-
cent dye detector is a perfect match for the wild type (al-
lele 1) and the other fluorescent dye detector is a perfect
match for the polymorphism (allele 2).

3.4. Patients’ Classification

Patients were classified according to their response to
pegylated interferon and ribavirin therapy into three
groups. Group I: 83 non-responders (NR), including those
who had detectable HCV RNA at weeks 12, 24, 48. Group II:
76 relapsers who had detectable HCV RNA 24 weeks after
stoppage of treatment. Group III: 104 patients with sus-
tained virological response (SVR) with undetectable HCV
RNA six months after stopping treatment. For evaluation
of the relationship between IL 28b and virus eradication,
e.g. treatment success, the non-responders and relapsers
were place into one group characterized by a failure to
treatment (group I+ group II) compared to the successful
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treatment group (group III).

3.5. Data Mining & Decision Tree Construction

Using the data mining analysis, a simple decision-tree
model was constructed using Weka implementation C4.5
(19) for the likelihood prediction of SVR to interferon-
ribavirin therapy. Results were classified into two groups;
responders and non-responders. Decision tree analysis
was carried out on the model building dataset from 263
patients using 24 variables; 3 patient characteristics (age,
gender, body mass index), 4 variables from hematological
tests (hemoglobin, white blood cells, ANC and platelets),
9 variables from the blood chemistry test (blood sugar,
total bilirubin, indirect bilirubin, albumin, AST, ALT, al-
kaline phospahatase, AFP, ANA, serum level TSH) and his-
tolopatholgical features of chronic hepatitis (grades of
activity, stages of fibrosis) in addition to HCV-RNA, II 28
B polymorphism, quantitative serum IL 28 by ELISA, and
type of interferon. The universality of the decision-tree
model was validated using both internal and external
validation to confirm the reproducibility of the results.
Internal validation was performed using test mode: 10-
fold cross-validation was performed which is generally
applied to predict the performance of a model on a vali-
dation set using computation in place of mathematical
analysis. It is a technique for assessing how the results of
a statistical analysis will generalize to an independent
data set. Performance of algorithms was done according
to an evaluation matrix based on values for the correctly
classified instance, precision, recall, F-score, and receiver
operating characteristic (ROC) curve.

- Recall (sensitivity): the ability of the test to correctly
identify those with the disease (true + ve rate).

- Precision (specificity): the ability of the test to correctly
identify those without the disease (true - ve rate).

- F-Measure: represents the weighted average of the pre-
cision and recall.

-ROC area: area under the curve (AUC) serves as an indi-
cator of the overall performance of the algorithm.

- Correctly classified instances which evaluate the over-
all accuracy.

3.6. Patients Consent

Informed written consent from each patient and local
ethical committee approval were available before start-
ing data collection. With respect to patients' confiden-
tiality, patients were represented in the study by code
numbers and not by their names with all personal data
concealed. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.

3.7. Statistical Analysis

Quantitative parametric variables were presented by
mean and standard deviation (SD) or inter quartile range
(IQR) and compared by t-student test. Qualitative vari-
ables were compared by the chi-square or Ficher's exact
test when appropriate. Receiver operator characteristic
(ROC) curve was constructed to assess the level of [L28 in
relation to virological response of the studied patients.
Area under the curve (AUC)> 0.60 with P value < 0.05 was
considered significant. Binary logistic regression analy-
sis was done with response to treatment is the dependent
factor. In all tests, p value was considered significant if <
0.05.

4. Results

The baseline characteristics of the 263 studied patients
are shown in Table 1. The demographic features were com-
parable in the three groups with no statistically signifi-
cant relationship between age, BMI or gender and the vi-
rological response. The mean age of the studied subjects
was 44.1 £ 8.23, mean BMI was 28.42 + 4.05, with male pre-
dominance (72.2 %). Among the baseline laboratory data
AFP and AST levels were significantly lower with p values
< 0.01 and 0.01 respectively and the platelets count was
significantly higher with a p value of 0.015 in the SVR
group than in the non-responder and relapser groups.

Table 1. Baseline Characteristics of the Studied Patients in Relation to Virological Response

Demographic Features Non Responder Relapsers Responders P value

Gender No. (%) 0.21
Male 190 (72.2%) 54(28.4) 57(30) 79 (41.6)

Female 73 (27.8%) 29 (40) 19 (26) 25(34)

Age,y, Mean £+ SD 4478 +8.1 45.27+7.82 42,94 +8.23 0.207

BMI?, Mean + SD 28.9+4.47 27.94+3.63 28.42+4.07 0.378

Baseline Laboratory Data
Hemoglobin (12-16g/dl), Mean + SD 13.93£1.66 14.18 £1.53 14.36 £1.56 0.4
TLC?(4.000-11.000/mm3), Mean + SD 6.01£1.6 6.76 +2.23 6.82£1.79 0.76
ANC? Mean + SD 3.1£1.09 3.82+1.97 3.55+1.35 0.12
Platelets (150.000-400.000/mm3), Mean+SD 197.7+66.7 203.3+64.03 231.1+25.3 0.015
ALT?(40) IU/L, Mean + SDP 56+ 51 52+44 52442 0.23
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AST3(40) IU/L, Mean + SDP 53+46
Bilirubin (0.3-1.2mg/dl), Mean + SD 0.51£0.19
ALP?(290) IU/LP, Mean + SD 1514124
Albumin (3.5-5g/dl), Mean £ SD 4.29+0.42
Creatinine (mg/dl), Mean + SD 0.87+0.17
Glucose (70-130 mg/dl), Mean + SD 102.2£28.2
TSH?(0.5-4.5 mIU|L), Mean + SD 1.69 £1.28
AFP3(10 ng/d1)P, Mean + SD 4474
Hepatitis C Virus RNA log (10 IU)°, Mean+SD 514 +112
Histological Parameters

<F32 N =170 (64.4%), No. (%) 52(30.5)

> F2 N =93(35.4%), No. (%) 31(33.3)
<A%2 N=234(89.1%), No. (%) 74 (31.6)

> A2 N =29 (10.9%), No. (%) 9(31)

49+38 45+33 0.01
0.56 +0.27 0.56+0.24 0.56
1611129 151£120 0.81
415+ 0.46 432+0.48 0.89
0.90+0.20 0.90+0.30 0.214
102.7£27.7 100.4 £22.3 0.87
139+ 0.81 1.52+0.94 0.34
51%6.1 23129 0.001
5.04+114 5.0211.27 0.86
47(27.6) 71(41.9) 0.45
29(31.2) 33(35.5)

67(28.6) 93(39.8) 0.76
9(31) 11(38)

2 Abbreviations: BMI, body mass index; TLC, total leucocytic count; ANC, absolute neutrophilic count; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; TSH, Thyroid stimulating hormone; AFP, alpha fetoprotein; F, fibrosis; A, activity

Median (IQR) Mann-Whitney u test

The genotype distribution for IL28 B polymorphism is
different between the different groups; the absence of C
allele (e.g. TT genotype) is significantly associated with
early failure of response as presented in the NR group
with p value = 0.01, while the CC is significantly correlat-
ed with favorable response as presented in the SVR group
with p value 0.03 as plotted in Figure 1. The relationship
between serum IL28 expression and virological response
to treatment showed that there is no good reliable cut off
for serum IL 28 B to predict the response of treatment as
shown in the ROC curve in Figure 2. There was no relation-
ship between serum IL28 Band different IL28 B genotypes;
CC, CT and TT genotype serum levels were 34.8 +39.9, 28.7
+ 31.5 and 33.4 £ 25.4, respectively. Correlation between
IL28 B and the significant baseline laboratory parameters
with the response (AFP, AST and platelets) is shown in Ta-
ble 2, with no statistically significant correlation between
IL28B and any of the mentioned parameters. In relation
to the histopathology of the studied patients, there were
no statistically significant relationship found between
IL28 genotype and the different degrees of inflammation
and stages of fibrosis in our studied patients with P value
0.31and 0.4 respectively.

aseline level of AFP at a cutoff level of < 2.68ng/ml was
selected as the variable of initial split, with 69.11% of non-
responder patients with AFP level > 2.68 ng/ml. Whereas
in patients with AFP level < 2.68 ng/ml, Il 28 B polymor-
phism was selected as the variable of second split Bwhere
the patients with TT genotype had the highest probabil-
ity of failure of response (67.35 %). Combination of other
variables such as serum albumin, age, platelets, type of
interferon, gender and serum IL 28 B were shown to have
some role in prediction as seen in Figure 3. The relation-
ship between AFP, IL 28 B polymorphism and response is

60.00% A

HCC uCT ®mTT

50.00% A

40.00% A

30.00% A

20.00% A

10.00% A

0.00%

GROUP I

GROUP II GROUP III

Figure 1. [128 B Genotype Frequency in Relation to Virological
Response in the Studied Groups

shown in Table 3 ; we used the variable of the first split
in the decision tree which is the AFP with cutoff 2.68 ng/
ml and the variable of the second split IL 28 B polymor-
phism in relation to response. Results showed that in
the CC genotype, patients with AFP below the mentioned
cutoff show better response while those with AFP value
above the cutoff showed poor response with P value 0.02,
and the same occurred for the CT genotype with p value
0.01, while in the TT genotype AFP failed to predict the
outcome with its previously mentioned cutoff. Only vari-
ables that showed significance in decision tree was en-
tered in univariate analysis; the variables that achieved
P < 0.25 only further passed to multivariate analysis. In
multivariate logistic regression, in which treatment
response is the dependent factor, AFP level more than
2.68ng/ml and platelets below 224.000/mma3 are the in-
dependent factors that was associated with failure of out-
come; the results of the analysis are shown in Table 4.
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Figure 2. ROC Curve for Serum IL28 Level in Relation to Sus-
tained Virological Response of Treatment
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Figure 3. Decision Tree Analysis of the 263 Studied Patients
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Table 2. Non-Parametric Correlation Between IL28B and AFP, AST
and Platelets

IL28B Spearman correlation P value
AFP? -0.081 037
AST? 0.008 0.92
Platelets 0.044 0.622

2 Abbreviations: AFP, alpha fetoprotein; AST,aspartate aminotransferase

5. Discussion

Hepatitis C virus (HCV) genotype 4 is the most frequent
cause of chronic hepatitis C in the Middle East, North Af
rica, and sub-Saharan Africa (20). Various studies from
European and Middle Eastern countries showed that the
sustained virological response in genotype 4 for combi-
nation therapy, pegylated interferon and ribavirin, rang-
es between 43%-70% (21-23). Histopathological assessment
of the grade of activity and degree of fibrosis of the stud-
ied groups shows no statistically significant relationship
between either activity or fibrosis and the virological
response. The frequency of the IL28 B genotype showed
that more than half of the studied population is CT (56 %),
followed by CC (25%) then TT (19%). Little is known about
predictors of response within populations infected with
genotype 4. In previous studies on genotype 4; age, pre-
treatment viral load, and stage of fibrosis were consid-
ered as good predictive factors (24, 25).

AFP
<=2.68 \>2.68

NR (69.11%)

RS (81.08%) @ RS(66.0%)
<= 14.98\> 14.98
RS(70.42%)  NR(85.72%) NR(6737%)  RS(64.95%)
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Table 3. AFP in Relation to Response and IL 28 B Polymorphism

SVR,No. Relapser+ Total, P
(%) NR, No. (%) No.(%)  value
CC <268 14(70) 6(30) 20(100)  0.02
2.68 7(333) 14(66.7) 21(100)
CT <268 16(61.5) 10(38.5) 26(100)  0.01
2.68 18(32.1) 38(67.9) 56 (100)
TT <268 2(333) 4(66.7) 6(100) 1
2.68 3(273)  8(72.7) 11(100)

Table 4. Multivariate Logistic Regression Analysis in Relation to
Failure of Treatment as Dependent Factor

Independent factor odd’s 95%CI P
Ratio value

AFP?(>2.68 ng/ml) 2.96 2.16-3.76 0.007

Platelets (<224.000 /mm3)  0.993 0.981.0 0.031

AST3(>40 IUJ1) 1.0

a Abbreviations: AFP, alpha fetoprotein; AST, aspartate aminotransferase

0.994-1.00 0.63

The gene expression and the role of IL28B gene SNP
rs12979860 in response to treatment in genotype 4 were
recently studied by limited research with CC genotype of
higher response rate (26, 27). The objective of this study
was to evaluate the expression and the predictive power
of the rs12979860 IL28B SNP and its protein for treatment
response in HCV-4 Egyptian patients by regression
analysis and decision tree analysis in relation to other
predictors of response.

Relationship between baseline parameters and virolog-
ical response showed that, lower base line AST, AFP level
and higher platelet count are significantly associated
with favorable outcomes.

In our study, lower base line AST but not ALT was an in-
dependent predictor of SVR in patients with chronic HCV
genotype 4. This was in accordance with previous stud-
ies which demonstrated that the AST reflects less severe
histopathological parameters in sustained responders
(28). Higher serum AFP level was the strongest predictor
of failure to achieve SVR in the studied patients. Previous
studies including HCV genotype 4 (29,30) and genotype 1
(31,32) highlighted the same findings. Abdoul et al., 2008
examined the association between serum alpha-fetopro-
tein (AFP) level and sustained virological response (SVR)
in 93 chronic hepatitis C patients and found that the SVR
rate was much higher among patients with serum AFP
levels below rather than above a median value of 5.7 ng/
ml, denoting that serum AFP should be added to the list
of factors predictive of treatment response in chronic
hepatitis C (33). Low platelets count was associated with
lower SVR level. This may be because lower platelet count

is a hallmark of advanced fibrosis in chronic hepatitis
C and has been reported to be associated with poor re-
sponse to IEN (34, 35). Cielsa et al., in 2012 showed that
assessment of the platelet level and the IL28B polymor-
phism can complement the decision-making algorithm
for a patient’s eligibility for antiviral therapy (36). The
IL28B polymorphism rs12979860 has a marked differ-
ential distribution between racial groups, being least
frequent in African Americans, most frequent in Asians,
and with an intermediate frequency in Hispanics and
Caucasians (10, 37). The frequency of IL28 genotype in our
genotype 4 Egyptian patients showed that almost half
of them were of the CT genotype (56 %) followed by CC
(25 %) while TT had the least expression (19 %). Di Nicola
group which included 128 patients with genotype 4, 68%
Egyptians, showed 63 % CT, 14 % TT, and 23 % CC expression
(27). Also, Asselah and colleagues studied 164 patients
with genotype 4 (43% Egyptians), and found the differ-
ence in distribution of IL 28 B genotype between Egyp-
tians and Subsaharan Africans; in the Egyptian ethinic-
ity the frequency was 55% CC, 11% TT and 34% CT, while in
the in sub-Saharan group the TT genotype was the most
predominant form (48 %) (26). El-Awady and colleagues
during 2012 also in a study on genotype 4, found that the
frequencies of genotypes were 48% CC, 14% TT, and 38% CT
for their studied patients (38). In the current study, the CC
genotype was significantly correlated with SVR in com-
parison to CT and CC. The response rates were 50%, 47.4%
and 25% for genotype CC, CT, and TT respectively. Absence
of C allele (TT genotype) was associated with 75% failure
of response; either early failure, e.g. non response (54.5%),
or late failure, e.g. relapsers (20.5 %). This is in agreement
with the previous studies reported on genotype 1 (12, 36,
39) and studies conducted on genotype 4 (26, 27). No rela-
tionship was noticed between the serum level of 11-28 and
the different genotypes in the studied patients. However,
in a previous study, serum IL-29 and IL-28 corresponded
with TT genotype irrespective of the treatment response
(14). There was no statistically significant relationship
between IL28 B genotype and the degree of activity and
stage of fibrosis in our studied patients. Previous studies
found that the IL28B locus is not associated with the risk
of developing advanced fibrosis (26, 40). However, pre-
vious studies reported that TT genotype occurred more
frequently in patients with end stage liver disease (36, 38,
41). Unfortunately, we didn’t find a significant correlation
between 1128 and independent predictors of response
(AFP, AST and Platelets). In contrary to other studies done
on HCV genotype 4 were 1128 B has a place in the treat-
ment algorithm in HCV genotype 4 patients (26, 27). In
countries with high prevalence for HCV such as Egypt,
new insight into HCV-4 infection may result in a refine-
ment of the treatment strategies to individualize thera-
pies to reduce the unfavorable implications in terms of
cost and tolerability (42). The data mining methodology
and decision-tree analysis were used to construct a sim-
ple decision tree model using the readily-available stan-
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dard tests together with IL28 B genotype and serum IL-28
to predict SVR with high-probability (16, 43). Using this
model, rapid estimates of the response before treatment
can be made by allocating patients to specific subgroups
with a defined rate of response simply by following the
flowchart form. Our results were able to identify previ-
ously unnoticed, close associations between baseline
AFP levels and the likelihood of response in chronic HCV
patients. A rather interesting finding was that the low se-
rum AFP (< 2.68 ng/ml) was the first split variable in the
predictive model for response and was significantly asso-
ciated with SVR in the multivariate analysis as well. Also,
the TT genotype had the highest probability of failure
of response (67.35 %) in the decision tree model and up
to 75% on statistical analysis. We used the results in our
decision tree to find the relationship between different
IL 28 B genotypes and AFP cutoff (2.68 ng/ml). We found
that in CC, CT genotype patients below 2.68 ng/ml are
more likely to respond to treatment than those above the
mentioned cutoff. While in TT genotype the AFP failed to
predict the treatment outcome by its mentioned cutoff.

To conclude, baseline AFP is an important predictor
of antiviral therapy response in chronic HCV, with sug-
gested cut off level of <2.68 ng/ml. Absence of C allele (TT
genotype)isless likely to respond to the current standard
of care therapy interferon-ribavirin therapy. Data mining
analysis and decision-tree model can be used as good
prognostic algorithms that could be beneficial in segre-
gating patients according to likely clinical outcomes to
guide clinical management.

Acknowledgements

Egyptian National Committee for Control of Viral Hepa-
titis and the Science and Technology Development Fund
(STDF) for the work support.

Authors’ Contribution

Detail of each author with his/her contribution in this
paper is as follows: Marwa Khairy: Data reviewing and
paper writing, Rabab Fouad: Revision of the article, Ma-
hassen Mabrouk: Supervisor and revision of the article,
Wafaa El-Akel: Statistics and results analysis, Abou Bakr
Awad: Data mining and bioinformatics, Rabab Salama:
Paper writing and corresponding author, Mayada Elne-
gouly: Data collection and paper writing, Olfat Shaker:
Clinical pathology and molecular analysis.

Financial Disclosure
Nothing to disclose.

Funding/Support

This research project was conducted from 2009 (Start
date) to 2012 (End date) and was partially or fully spon-
sored by Science and Technology Development Fund
(STDF) of Egypt with Project ID: 1708, Project Title: Bioin-

Hepat Mon. 2013;13(7):e10509

formatics in predicting the response to interferon-ribavi-
rin combination therapy in patients with HCV genotype
4 (Bio-IN-therapy).

References

1. Lavanchy D. The global burden of hepatitis C. Liver Int. 2009;29
Suppl 1:74-81.

2. El-Raziky MS, El-Hawary M, Esmat G, Abouzied AM, El-Koofy N,
Mohsen N, et al. Prevalence and risk factors of asymptomatic
hepatitis C virus infection in Egyptian children. World ] Gastroen-
terol. 2007;13(12):1828-32.

3. Ray SC, Arthur RR, Carella A, Bukh ], Thomas DL. Genetic epi-
demiology of hepatitis C virus throughout egypt. J Infect Dis.
2000;182(3):698-707.

4. LyraAC,RamrakhianisS, Bacon BR, Di Bisceglie AM. Infection with
hepatitis C virus genotype 4 in the United States. J Clin Gastroen-
terol. 2004;38(1):68-71.

5. Payan C, Roudot-Thoraval F, Marcellin P, Bled N, Duverlie G,
Fouchard-Hubert |, et al. Changing of hepatitis C virus genotype
patterns in France at the beginning of the third millenium: The
GEMHEP GenoCllI Study. ] Viral Hepat. 2005;12(4):405-13.

6. vanAsten L, Verhaest I, Lamzira S, Hernandez-Aguado I, Zangerle
R, Boufassa F, et al. Spread of hepatitis C virus among European
injection drug users infected with HIV: a phylogenetic analysis. |
Infect Dis. 2004;189(2):292-302.

7. El-Zayadi AR, Attia M, Barakat EM, Badran HM, Hamdy H, El-Tawil
A, et al. Response of hepatitis C genotype-4 naive patients to 24
weeks of Peg-interferon-alpha2b/ribavirin or induction-dose
interferon-alpha2b/ribavirinfamantadine: a non-randomized
controlled study. Am | Gastroenterol. 2005;100(11):2447-52.

8. Kamal SM. Hepatitis C virus genotype 4 therapy: progress and
challenges. Liver Int. 2011;31 Suppl 1:45-52.

9. Asselah T, Estrabaud E, Bieche I, Lapalus M, De Muynck S, Vi-
daud M, et al. Hepatitis C: viral and host factors associated with
non-response to pegylated interferon plus ribavirin. Liver Int.
2010;30(9):1259-69.

10.  Ge D, Fellay ], Thompson A], Simon ]S, Shianna KV, Urban TJ, et
al. Genetic variation in IL28B predicts hepatitis C treatment-in-
duced viral clearance. Nature. 2009;461(7262):399-401.

1.  Huang CF, Huang JF, Yang JF, Hsieh MY, Lin ZY, Chen SC, et al.
Interleukin-28B genetic variants in identification of hepatitis C
virus genotype 1 patients responding to 24 weeks peginterferon/
ribavirin. | Hepatol. 2012;56(1):34-40.

12.  Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio ], Mueller T, et al.
Genetic variation in IL28B is associated with chronic hepatitis C
and treatment failure: a genome-wide association study. Gastro-
enterology. 2010;138(4):1338-45, 45 e1-7.

13. Khattab MA, Ferenci P, Hadziyannis SJ, Colombo M, Manns MP,
Almasio PL, et al. Management of hepatitis C virus genotype 4:
recommendations of an international expert panel. ] Hepatol.
2011;54(6):1250-62.

14. Langhans B, Kupfer B, Braunschweiger I, Arndt S, Schulte W, Nis-
chalke HD, et al. Interferon-lambda serum levels in hepatitis C. |
Hepatol. 2011;54(5):859-65.

15.  Kurosaki M, Matsunaga K, Hirayama I, Tanaka T, Sato M, Yasui Y,
et al. A predictive model of response to peginterferon ribavirin
in chronic hepatitis C using classification and regression tree
analysis. Hepatol Res. 2010;40(4):251-60.

16.  Kurosaki M, Sakamoto N, Iwasaki M, Sakamoto M, Suzuki Y, Hi-
ramatsu N, et al. Pretreatment prediction of response to pegin-
terferon plus ribavirin therapy in genotype 1 chronic hepatitis C
using data mining analysis. | Gastroenterol. 2011;46(3):401-9.

17.  Izumi N, Asahina Y, Kurosaki M. Predictors of virological re-
sponse to a combination therapy with pegylated interferon
plus ribavirin including virus and host factors. Hepat Res Treat.
2010;2010:703602.

18.  Bedossa P, Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology.1996;24(2):289-93.

19. OlshenL,Breiman JH, Friedman RA, Stone Charles . Classification
and Regression Trees.; 1984; Available from: http:/[textbooks-to-



Khairy M et al.

1128 Polymorphism and Virologival Response

20.

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

succeed.inf.

Hoofnagle JH. Course and outcome of hepatitis C. Hepatology.
2002;36(5 Suppl 1):521-9.

Esmat G, Abouzied A, Mohamed MK, et al. Treatment with Peg
Interferon alpha 2-b (PEC INF) plus ribavirin compared to In-
terferon alpha-2b (INF alfa-2b) plus Ribavirin on subjects with
chronic hepatitis C infected with HCV genotype 4. Hepatol Res.
2002;36(4).

Hasan F, Asker H, Al-Khaldi ], Siddique I, Al-Ajmi M, Owaid S, et al.
Peginterferon alfa-2b plus ribavirin for the treatment of chronic
hepatitis C genotype 4. Am ] Gastroenterol. 2004;99(9):1733-7.
Moucari R, Ripault MP, Martinot-Peignoux M, Voitot H, Cardoso
AC, Stern C, et al. Insulin resistance and geographical origin: ma-
jor predictors of liver fibrosis and response to peginterferon and
ribavirin in HCV-4. Gut. 2009;58(12):1662-9.

Kamal SM, El Kamary SS, Shardell MD, Hashem M, Ahmed IN, Mu-
hammadi M, et al. Pegylated interferon alpha-2b plus ribavirin
in patients with genotype 4 chronic hepatitis C: The role of rapid
and early virologic response. Hepatology. 2007;46(6):1732-40.
Gad RR, Males S, El Makhzangy H, Shouman S, Hasan A, Attala M,
et al. Predictors of a sustained virological response in patients
with genotype 4 chronic hepatitis C. Liver Int. 2008;28(8):1112-9.
Asselah T, De Muynck S, Broet P, Masliah-Planchon J, Blanluet M,
Bieche |, et al. IL28B polymorphism is associated with treatment
response in patients with genotype 4 chronic hepatitis C. ] Hepa-
tol. 2012;56(3):527-32.

De Nicola S, Aghemo A, Rumi MG, Galmozzi E, Valenti L, Soffredi-
ni R, et al. Interleukin 28B polymorphism predicts pegylated in-
terferon plus ribavirin treatment outcome in chronic hepatitis C
genotype 4. Hepatology. 2012;55(2):336-42.

Al Ashgar H, Helmy A, Khan MQ, Al Kahtani K, Al Quaiz M, Rezeig
M, et al. Predictors of sustained virological response to a 48-
week course of pegylated interferon alfa-2a and ribavirin in pa-
tients infected with hepatitis C virus genotype 4. Ann Saudi Med.
2009;29(1):4-14.

Gad HH, Dellgren C, Hamming O], Vends S, Paludan SR, Hart-
mann R. Interferon-lambda is functionally an interferon but
structurally related to the interleukin-10 family. J Biol Chem.
2009;284(31):20869-75.

Males S, Gad RR, Esmat G, Abobakr H, Anwar M, Rekacewicz C, et
al. Serum alpha-foetoprotein level predicts treatment outcome
in chronic hepatitis C. Antivir Ther. 2007;12(5):797-803.

Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, et al.
Predictors of viral kinetics to peginterferon plus ribavirin com-
bination therapy in Japanese patients infected with hepatitis C
virus genotype 1b. ] Med Virol. 2007;79(11):1686-95.

ChenTM, Huang PT, Tsai MH, Lin LF, Liu CC, Ho KS, et al. Predictors
of alpha-fetoprotein elevation in patients with chronic hepatitis
C, but not hepatocellular carcinoma, and its normalization after
pegylated interferon alfa 2a-ribavirin combination therapy. |

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Gastroenterol Hepatol. 2007;22(5):669-75.

Abdoul H, Mallet V, Pol S, Fontanet A. Serum alpha-fetoprotein
predicts treatment outcome in chronic hepatitis C patients re-
gardless of HCV genotype. PLoS One. 2008;3(6).

Khairy M, Abdel-Rahman M, El-Raziky M, El-Akel W, Zayed N,
Khatab H, et al. Non-invasive prediction of hepatic fibrosis in
patients with chronic HCV based on the routine pre-treatment
workup. Hepat Mon. 2012;12(11).

Shiratori Y, Omata M. Predictors of the efficacy of interferon
therapy for patients with chronic hepatitis C before and during
therapy: how does this modify the treatment course? ] Gastroen-
terol Hepatol. 2000;15 Suppl:E141-51.

Ciesla A, Bociaga-Jasik M, Sobczyk-Krupiarz I, Glowacki MK, Ow-
czarek D, Cibor D, et al. IL28B polymorphism as a predictor of
antiviral response in chronic hepatitis C. World | Gastroenterol.
2012;18(35):4892-7.

Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O'Huigin C, et al. Ge-
netic variation in IL28B and spontaneous clearance of hepatitis
Cvirus. Nature. 2009;461(7265):798-801.

El-Awady MK, Mostafa L, Tabll AA, Abdelhafez TH, Bader El Din NG,
Zayed N, et al. Association of IL28B SNP With Progression of Egyp-
tian HCV Genotype 4 Patients to End Stage Liver Disease. Hepat
Mon. 2012;12(4):271-7.

McCarthy JJ, Li JH, Thompson A, Suchindran S, Lao XQ, Patel K; et
al. Replicated association between an IL28B gene variant and a
sustained response to pegylated interferon and ribavirin. Gastro-
enterology. 2010;138(7):2307-14.

Marabita F, Aghemo A, De Nicola S, Rumi MG, Cheroni C, Scavelli
R, et al. Genetic variation in the interleukin-28B gene is not asso-
ciated with fibrosis progression in patients with chronic hepati-
tis C and known date of infection. Hepatology. 2011;54(4):1127-34.
Fabris C, Falleti E, Cussigh A, Bitetto D, Fontanini E, Bignulin S, et
al. IL-28B 1512979860 C|T allele distribution in patients with liver
cirrhosis: role in the course of chronic viral hepatitis and the de-
velopment of HCC. | Hepatol. 2011;54(4):716-22.

Kamal SM, Nasser IA. Hepatitis C genotype 4: What we know and
what we don't yet know. Hepatology. 2008;47(4):1371-83.

Kurosaki M, Sakamoto N, Iwasaki M, Sakamoto M, Suzuki Y, Hira-
matsu N, et al. Sequences in the interferon sensitivity-determin-
ing region and core region of hepatitis C virus impact pretreat-
ment prediction of response to PEG-interferon plus ribavirin:
data mining analysis. ] Med Virol. 2011;83(3):445-52.

Please cite this paper as: Khairy M, Fouad R, Mabrouk M, El-Akel W,
Awad AB, Salama R, et al. The Impact of Interleukin 28b Gene Poly-
morphism on the Virological Response to Combined Pegylated In-
terferon and Ribavirin Therapy in Chronic HCV Genotype 4 Infected
Egyptian Patients Using Data Mining Analysis. Hepat Mon. 2013;
13(7):€10509. DOI: 10.5812/hepatmon.10509

Hepat Mon. 2013;13(7):10509



