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INTRODUCTION

Chronic hepatitis C virus (HCV) is one of  the principal 
causes of  liver cirrhosis, hepatocellular carcinoma (HCC), and 
liver-related mortality(1). About 60–80% of HCV-infected patients 
develop chronic hepatitis and 10–20% of those patients develop 
cirrhosis within 20–30 years of infection. About 1–5% of patients 
with liver cirrhosis develop liver cancer and 3–6% progress to liver 
decompensation. The risk of death after a decompensation episode 
is between 15–20% within the following year(2,3).

Interferon (IFN) had long been used as an anti-HCV therapy 
but it had a lot of side effects and low sustained virologic response 
rates (SVR). New directly acting antivirals (DAAs) for HCV treat-
ment are profoundly successful in providing levels of  SVR that 
exceed 95%. Such regimens are often very secure and convenient, 
requiring oral drug administration once or twice every day for 
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few weeks(3). These characteristics encouraged policymakers to 
put plans to achieve HCV elimination by 2030. Egypt where the 
highest prevalence of HCV is present is one of few countries in the 
world which is actively and effectively going to this goal through 
mass treatment of HCV-infected persons(4). 

Although DAAs achieve high SVR, the remaining percentages 
of non-response and viral relapse can affect HCV eradication strate-
gies in the real-world when these strategies are implemented on large 
scales(3). This issue is very important, especially the compliance of large 
numbers of treated persons to follow up for assessment of virologic 
response cannot be guaranteed. This issue should be put into con-
sideration in planning for cost-effective HCV eradication strategies. 

We aimed to assess predictors of DAAs failure among HCV 
Egyptian patients who were going to receive sofosbuvir plus NS5A 
inhibitor as an important step towards achieving better HCV 
eradication strategies.
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METHODS

Materials
This prospective study was conducted from 1st November 2018 

to 1st November 2019 and then followed by a nested case-control 
study. A total of 2041 patients with positive HCV antibodies sought 
HCV antiviral therapy at Alexandria University Viral Hepatitis 
Treatment Unit. Out of them, 1747 (85.6%) patients had viremia on 
performing PCR for HCV RNA. 31 (1.8%) patients were treatment-
experienced (10 of  them after sofosbuvir plus daclatasvir). 107 
patients have been excluded from treatment due to the presence of 
medical contraindications: the presence of unmanageable HCC or 
other tumors, advanced liver disease (Child-Pugh class C) patients, 
pregnancy, or lactation. 28 patients with stage four or five chronic 
kidney disease have received non-sofosbuvir-containing regimens. 
The remaining 1581 treatment-naive patients received sofosbuvir 
plus daclatasvir ± ribavirin. A total of 163 (10.3%) patients were 
excluded from the analysis due to loss for follow-up before assess-
ment of virologic response. Data from the 10 patients with HCV 
relapse after sofosbuvir plus daclatasvir who were referred to our 
unit for treatment were included in the case-control analysis. Age 
and sex matched 120 controls were selected randomly from the 
respondent population. The flow chart of  the study is shown in 
FIGURE 1.

Informed written consent was obtained from each patient. This 
study had been approved by the Ethics Committee of Alexandria 
faculty of medicine (IRB no. 00012098) and conforms to the Dec-
laration of Helsinki. 

Methods
Patients were followed up prospectively from evaluation to start 

HCV treatment and till 12 weeks after the end of therapy. Data of 
the extra 10 patients with relapse were included retrospectively. Be-
fore DAAs initiation patients were assessed regarding their history, 
examination, investigations that included complete blood count 
(CBC), international normalized ratio (INR), alanine transaminase 
(ALT), aspartate transaminase (AST), total and direct bilirubin, 
albumin, urea, creatinine, hepatitis B surface antigen and core 
antibody (HBsAg, HBcAb), alfa fetoprotein (AFP). FIB-4 index 
was calculated for each patient(5). Estimated creatinine clearance 
(CrCl) using the modification of  diet in renal disease (MDRD) 
scoring system was calculated.

Abdominal ultrasonography was performed to assess the liver 
condition and to exclude the presence of any focal hepatic lesion 
while a tri-phasic computed tomography liver scan was performed 
for focal hepatic lesion characterization if  present on ultrasonogra-
phy and also for those with AFP ≥20 ng/mL. LI-RADS classifica-
tion was used for focal hepatic lesions characterization(6).

The addition of ribavirin and the duration of sofosbuvir plus 
daclatasvir regimens were decided according to the guidelines of the 
Egyptian national program of hepatitis C treatment and to the Euro-
pean association for the study of the liver (EASL) 2015 guidelines(7,8). 

HCV RNA levels were reassessed 12 weeks after the end of 
treatment using the COBAS AmpliPrep/COBAS TaqMan 48 
System (limit of  detection =15 IU/mL) to determine virological 
response. IL28B gene polymorphism SNP (rs12979860) detection 
by allelic discrimination using fluorogenic 5’ Nuclease assay was 
performed for all included patients who didn’t achieve sustained 
virologic response (SVR12) and in a matching group achieved 
SVR12 (1 case: four control). Genomic DNA was extracted from 
EDTA whole blood using the column method with the QIAamp 
Genomic blood DNA purification kit (QIAGEN, Germany). 
IL28B gene SNP (rs12979860) was detected by SNP genotyping 
assay (Applied biosystems-Life Technologies, Germany) using 
Stratagene- gene Q real-time PCR system (MX3000P, Germany)(9).

Statistical analysis of the data(10)

Data were fed to the computer and analyzed using IBM 
SPSS software package version 25.0. (Armonk, NY: IBM Corp) 
Qualitative data were described using number and percent. The 
Kolmogorov-Smirnov test was used to verify the normality of 
the distribution. Quantitative data were described using range 
(minimum and maximum), mean, standard deviation, median, 
and interquartile range (IQR). The significance of  the obtained 
results was judged at the 5% level. The chi-square test was used for 
categorical variables to compare between different groups. Student 
t-test was used for normally distributed quantitative variables to 
compare between two studied groups. Mann-Whitney test was used 
for non-normally distributed quantitative variables to compare 
between two studied groups. The odds ratio (OR) was used to 
calculate the ratio of the odds and 95% confidence interval of an 
event occurring in one risk group to the odds of it occurring in the 
non-risk group. Those factors demonstrated significant association 
in bivariate analysis and any other factors believed to be important 
were included in a multivariate logistic regression model. FIGURE 1. Flow chart of the study.
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RESULTS

Prospectively studied patients’ age ranged between 18 and 
84 years and 51.3% were males. The mean levels of  ALT, AST, 
Albumin, and total bilirubin were (57.2±41.1 IU/L), (44.7±25.3 
IU/L), (3.8±0.5 g/dL), and (0.55±3.0 mg/dL) respectively. Means of 
hemoglobin and platelets were 13.6±1.8 g/dL, and 229.6±86.8 /mm3 
respectively. The mean serum creatinine was 0.9±0.2 mg/dL. 16% 
of included subjects had cirrhosis on ultrasonography (TABLE 1).

P=0.001). In addition, INR and the presence of liver cirrhosis by 
ultrasonography were significantly different between responders 
and non-responders. (Z=-2.246, P=0.025), and (X2=6.42 P=0.011) 
respectively). (TABLE 2)

TABLE 1. Characteristics of the prospectively involved subjects.

Studied 
variables

Total  
(n=1418)

Non-SVR12 
(n=20)

SVR12 
(n=1398)

Mean ± SD Mean ± SD Mean ± SD

Age (years) 49.5±14.0 53.3±13.8 49.5±14.0

Sex (male) 728(51.3) 11 (55.0) 717 (51.3)

AST (IU/L) 44.7±25.3 50.2±29.3 44.6±25.2

Albumin (g/dL) 3.8±0.5 3.7±0.6 3.8±0.5

Total bilirubin 
(mg/dL) 0.55±3.0 0.7±0.4 0.5±0.3

INR 1.26±0.92 1.84±0.776 1.0±0.0

Creatinine  
(mg/dL) 0.9±0.2 0.8±0.1 0.9±0.2

Hemoglobin  
(g/dL) 13.6±1.8 13.2±1.8 13.6±1.8

WBCs  
(cell/mm3) 7.3±2.4 6.9±2.1 7.3±2.4

Platelets  
(cell/mm3) 229.6±86.8 205.9±110.3 230.0±86.5

Absence of 
cirrhosis on 
ultrasonography 

1185 (83.6%) 7 (35.0%) 1178 (84.3%)

AST: aspartate transaminase; INR: international normalized ratio; WBCs: white blood cells.

20 patients failed to achieve SVR12 after sofosbuvir plus da-
clatasvir regimens (1.42%). Another 10 patients who had failed to 
achieve SVR12 after sofosbuvir plus daclatasvir and were referred 
to our center to receive another regimen were also included in 
comparing the treatment failure group and a matched responders 
group. On comparing the 30 patients who failed to achieve SVR 
with a control group of 120 subjects achieved SVR, there were no 
statistically significant differences between both groups regarding 
age (Z=-0.731, P=0.465), sex (X2=0.007, P=0.935 ), pretreatment 
AST (Z=-0.451, P=0.652), ALT (Z=-0.047, P=0.963), total biliru-
bin (Z=-1.14, P=0.252), Albumin (Z=-0.076, P=0.940), platelets 
count (Z=-0.268, P=0.268), hemoglobin (Z=-0.353, P=0.724), 
and WBCs (t=0.205, P=0.789). Also, there were no significant 
differences between both groups regarding pretreatment FIB-4 
(Z=-0.58, P=0.56) and pretreatment PCR HCV RNA levels (Z=-
0.682, P=0.388). There were no statistically significant difference 
between both groups regarding ribavirin usage (X2=0.31, P=0.580). 
Moreover, there was no significant difference in IL28B genotyping 
between both groups (X2 =0.177, P=0.915).

Pretreatment creatinine was significantly lower among those 
who failed to achieve SVR. (Z=-3.47, P=0.001). Pretreatment 
estimated creatinine clearance using the MDRD score was sig-
nificantly higher among those failed to achieve SVR. (Z=-4.05, 

TABLE 2. Comparison between patients who failed to achieve SVR12 
and the control group achieved SVR12.

Non-SVR12 n=30 SVR-12 (control 
group) n=120

Age (min–max) 57.0 (21.0–79.0) 55.0 (25.0–73.0)
Z=-0.731 P=0.465

Sex
   Male 14 (46.67) 57 (47.50)
   Female 16 (53.33) 63 (52.50)

X2=0.007 P=0.935
AST (IU/L) 34.50 (19.00–137.00) 39.50 (14.00–169.00)

Z=-0.451 P=0.652
ALT (IU/L) 53.00 (14.00–137.00) 48.00 (61.00–161.00)

Z=-0.047 P=0.963
Total bilirubin 
(mg/dL) 0.50 (0.3–1.63) 0.50 (0.20–1.20)

Z=-0.95 P=0.34
Albumin (g/dL) 3.6 (2.10–4.60) 3.60 (2.50–4.60)

Z=-0.076 P=0.940
INR 1.03 (0.91–1.50) 1.00 (0.55–1.80)

Z=-2.246 P=0.025
Hemoglobin (g/
dL) 13.20 (8.40–16.70) 13.35 (8.80–18.00)

Z=-0.353 P=0.724
WBCs (cell/mm3) 7.20±2.17 7.12±1.98

T=0.205 P=0.789
Platelet (/mm3) 199.00 (57.00–402.00) 200.00 (71.00–457.00)

Z=-0.268 P=0.268
AFP (ng/mL) 4.05 (0.30–17.00) 3.40 (0.40–56.00)

Z=-0.599 P=0.549
FIB4 score 1.28 (0.51–8.20) 1.62 (0.06–7.37)
APRI score 0.48 (0.14–2.57) 0.55 (0.13–3.78)

Z=-0.761 P=0.447
IL28B (IFNL4) gene polymorphism
   CC 3 (10.00) 10 (8.33)
   CT 23 (76.67) 91 (75.83)
   TT 4 (13.33) 19 (15.83)

X2=0.177 P=0.915
Liver by ultrasonography
   No cirrhosis 18 (60.00) 98 (81.67)
   Cirrhotic 12 (40.00) 22 (18.33)

X2=6.42 P=0.011
Ascites
   Present 1 (3.33) 1 (0.83)
   Absent 29 (96.64) 119 (99.17)

X2=1.14 P=0.286
MDRD score 143.0 (IQR=48.25) 116.5 (IQR=40.0)

Z=-4.05 P<0.001
AST: aspartate transaminase; ALT: alanine transaminase; INR: international normalized ratio; 
WBCs: white blood cells; AFP: alfa feto-protein; FIB-4: fibrosis-4; APRI: aspartate aminotrans-
ferase to platelet ratio index; IL28B: interleukin 28B; IFNL4: interferon lambda 4; MDRD: 
modification of diet in renal disease.
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TABLE 3 shows the binary logistic regression model to pre-
dict response to treatment at post-treatment week 12. Every unit 
increase in MDRD score, total bilirubin, and INR level are as-
sociated with 1.03, 13.92, and 80.08 times greater odds of being 
a non-responder (P<0.001, P=0.0016, P=0.02) respectively. The 
presence of liver cirrhosis on ultrasonography increases the odds 
of being non-respondent by 10.03. (P=0.009) The ROC curve of 
the regression model is shown in FIGURE 2.

DISCUSSION

HCV is a leading cause of  liver cirrhosis and HCC. Egypt 
has the world’s highest HCV prevalence rate(11). HCV genotype 4 
is Egypt’s most common genotype accounting for approximately 
90% of all patients with HCV(12). Recently Egypt has implemented 
a mass screening and treatment program and considered one of few 
countries in the world that moves efficiently forward to the WHO’s 
goal of HCV elimination by 2030(4). 

Many challenges face HCV elimination programs(13). One of 
the main challenges that face HCV elimination programs is the 
non-compliance of patients to assess the virological response or 
to receive a more potent treatment course after confirming viral 
non-response or relapse making them a nidus for more HCV 
spread. This makes it very important to identify predictors of 
treatment failure to establish strategies that can improve virologi-
cal response rates.

Our study failed to find any significant difference between 
SVR12 and non-SVR12 groups regarding age, sex, ALT, AST, 
albumin levels, platelet counts, and FIB-4 scores. This comes in 
the same line with Janssen et al.(14) results but different from other 
studies which reported lower platelet counts and higher FIB-4 
scores to be associated with lower SVR rates(15,16). In our study, 
reporting of cirrhosis on ultrasonography was significantly associ-
ated with a higher risk of  non-SVR. Shousha et al. also reported 
in their retrospective study that cirrhosis was a main predictor 
of  non-response but unlike our results, they also reported that 
male gender, higher AST, lower albumin levels, low WBCs, and 
platelets counts were independent factors associated with non-
response to DAAs(17).

In our study, creatinine was significantly lower among those 
who showed treatment failure (P=0.001). As serum creatinine 
has been universally used to estimate glomerular filtration rate, 
these patients were found to have high CrCl as calculated by the 
MDRD scoring system(18). The median estimated CrCl in the non-
SVR12 group was 143.0 (IQR=48.25) which is higher than the 
normal range and this may indicate glomerular hyperfiltration(19). 
This glomerular hyperfiltration may lead to higher clearance of 
sofosbuvir(20). 

A United States retrospective study found that pretreatment 
CrCl of >80 mL/min using Cockcroft Gault equation was signifi-
cantly associated with increased rates of SVR12 failure (OR, 3.24; 
95%CI, 1.25–8.39; P=0.016) among HCV patients treated with 
Ledipasvir/sofosbuvir. Creatinine clearance >80 mL/min was the 
only identified possible predictor of  SVR12 failure on bivariate 
analysis (P=0.026)(14). In another article, pretreatment CrCl >90 
mL/min was associated with a 28% absolute risk increase for SVR12 
failure compared to those with lower pretreatment CrCl(20).

In a study investigating sofosbuvir in Korean patients with 
HCV genotype 2 infections, lower creatinine concentration was 
a risk factor for failure to achieve rapid virologic response (RVR) 
but not for SVR(21).

The low serum creatinine has been proposed as a marker of 
high clearance of sofosbuvir which is chiefly eliminated through 
the kidneys, unlike ledipasvir and daclatasvir that are primarily 
biliary eliminated(22). Thus, patients with high creatinine clearance 
might be at greater possibility for high rates of DDAs failure due to 
increased sofosbuvir clearance(20). The decrease in serum sofosbuvir 
might result in NS5A monotherapy-like treatment which might 
increase the risk of emergence of NS5A resistance(14). 

TABLE 3. Predictors of Non-SVR12 after sofosbuvir plus daclatasvir 
treatment.

Predictors B P value Odd 
ratio

95%CI for odds

Lower Upper

Constant -8.948 0.016 0.00

FlB4 Score -623 0.128 .0536 0.240 1.197

Liver (absence of 
cirrhosis is the 
reference value)

2.306 0.009 10.030 1.768 56.887

Total bilirubin (mg/
dL) 2.633 0.016 13.921 1.622 119.483

Albumin (g/dL) -232 0.713 0.793 .230 2.733

INR 4.383 0.020 80.078 1.995 3213.453

APRI score -178 0.828 0.837 .168 4.173

MDRD .029 <0.001 1.029 1.015 1.043

IL28b (IFNL4) gene 
polymorphism (CC 
is the reference)

0.443 1

CT -0.994 0.250 0.370 0.068 2.009

TT -1.263 0.224 0.283 0.037 2.169

FIB-4: fibrosis-4; INR: international normalized ratio; APRI: aspartate aminotransferase to 
platelet ratio index; MDRD: modification of diet in renal disease; IL28B: interleukin 28B; 
IFNL4: interferon lambda 4.

FIGURE 2. The ROC curve of the regression model.
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Another explanation is that creatinine is a surrogate for muscle 
mass. Low muscle mass is a common cause for low serum creati-
nine(23). Sofosbuvir is a lipophilic prodrug that is converted to its 
active hydrophilic metabolite during the first-pass metabolism in the 
liver(24). This means that a decrease in muscle mass can affect this 
active metabolite distribution and higher doses may be needed to 
achieve the required therapeutic concentrations(25). We recommend 
further research to explore if  this point is applied to sofosbuvir. 

IL-28A, IL-28B, and IL-29 showed significant antiviral activ-
ity against hepatitis C and hepatitis B viruses(26,27). IL28B SNPs 
rs12979860 (now known also as IFNL4) became essentially a prog-
nostic biomarker for the HCV treatment using pegylated IFN-alpha 
plus ribavirin. The favored CC allele of rs12979860 was correlated 
with an SVR rate that was two to three times greater than that of 
the CT or TT alleles(28).

El-Awady et al. concluded that Genotype CC is correlated with 
viral clearance inside the Egyptian cohort during acute infection. 
They found a sharp decrease in the CC genotype from healthy to 
chronic hepatitis C subjects and the complete absence of the CC 
genotype in patients with end-stage liver disease (ESLD) implying 
that this genotype plays a vital role in preventing the progression of 
HCV disease(29). In a study carried out on Italian patients to assess 
the effect of  immunogenic IL28B polymorphism on the natural 
outcome of  HCV infection, the results indicated that patients 
with chronic hepatitis C had a lower C allele frequency compared 
to patients who spontaneously removed HCV(30). Other studies on 
African and European HCV-infected patients showed that in pa-
tients with the IL-28B CC genotype (rs12979860), the spontaneous 
clearance of HCV was three times higher than in persons with the 
CT and TT genotypes(31).

IL28B genotype was considered the strongest baseline predictor 
of HCV response to treatment with pegylated interferon-α (IFN-α) 
and ribavirin(32). With the introduction of the first generation of 
DAAs, the role of IL28B gene polymorphism was investigated. A 
Japanese study analyzed patients with HCV genotype 1 who re-
ceived telaprevir plus pegylated IFN-α and ribavirin. In this study, 
rs12979860 CC versus CT and TT was associated with a more than 
a 2-fold greater probability of achieving SVR(33). 

As hepatitis C treatment moved towards new directly acting 
antivirals, the role of IL28B in these regimens was put under in-
vestigation. In a randomized 28-day sofosbuvir dose-ranging trial, 
all patients who failed to achieve rapid virologic response (RVR) 
and SVR were with non-CC genotype(34). 

In our study, there was no difference between IL28B genotyping 
among those who achieved SVR12 and those who didn’t achieve 
it. CT genotype was the predominant one among our Egyptian 
HCV-infected subjects. Similar to our results, Ebid et al. found 
no correlation between IL28B genotypes and sustained virologic 
response to sofosbuvir plus daclatasvir or ombitasvir/paritaprevir/ 
ritonavir plus ribavirin among Egyptian patients with genotype 
4 HCV. Again, in this cohort CT genotype was the predominant 
one(35). Moreover, in another study performed on hepatic transplan-
tation hepatitis C Egyptian patients, there was no role for recipient 
IL28B genotype in the response to DAAs(36). 

In the current regression model, the main identified determi-
nants of non-SVR12 after DAAs were high CrCl using the MDRD 
scoring system, presence of  liver cirrhosis on ultrasonography, 
higher INR, and bilirubin levels. Having liver cirrhosis on ultra-
sonography increased the odds ratio of non-SVR12 10 times. For 

each increase in MDRD score by 10 the odds ratio of having HCV 
viremia at week 12 after the end of treatment increases by 10.03. 
An increase in the INR by 0.1 increases the odds ratio of  non-
SVR12 by 8 times. Although bilirubin levels were not significantly 
different between cases and control group, in the regression model 
each increase in total bilirubin level by 0.1 mg is associated with 
increase in the odds ratio of  failure to achieve SVR12 by 1.392 
times. Finally, Neither FIB4, APRI, serum albumin, nor IL28B 
was associated with being a non-responder.

The strengths of  our study include that all patients were 
assessed and followed up prospectively starting before DAAs 
initiation till the virological response assessment date. The only 
exception was the extra 10 patients with viral relapse who were 
included retrospectively. The controls represented the same 
population, from which the cases were drawn, i.e., they were 
collected from the same treatment setting and so they had the 
same eligibility criteria. They were age and sex matched and then 
randomly chosen. The ratio of  cases to control was 1:4 to increase 
the power of  the study. Indeed, exceeding this ratio does not add 
appreciable statistical power(37). 

Limitations of  this study include the small number of  the 
non-SVR12 group. Although that, we think our regression model 
will be efficient when applied to mass treatment campaigns. This 
is important because of possible failure to reach targeted patients 
again to assess virologic response and to retreat those with viral 
relapse which may affect the HCV elimination target. Another limi-
tation was the presence of some losses for follow-up before SVR12 
assessment, but they were only about 10% and excluded from the 
case-control analysis. This is accepted in real-life settings. Losses 
>20% pose serious threats to validity and so the current study’s 
losses have little effect on its internal consistency(38,39).

Further studies are needed to investigate the effectiveness of 
increasing dose of sofosbuvir in those with high creatinine clear-
ance, usage of a more potent NS5A inhibitor like velpatasvir or 
offering a more potent drug(s) that include a protease inhibitor in 
addition to the NS5A inhibitor and sofosbuvir (like sofosbuvir/
velpatasvir/voxilaprevir) on SVR12 success rates in a selected group 
of patients especially those with high estimated creatinine clearance. 
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