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Abstract

Background: Viral resistance-associated substitutions (RASs) can develop in the setting of DAAs therapy (i.e.,
emerging RASs). Long-term monitoring of fibrosis regression after achieving SVR to simiprevir (SMV)/sofosbuvir
(SOF) is essential. The aim of this study was to determine the prevalence of baseline and emerging NS34A RASs in
chronic HCV patients in Upper Egypt and to assess the impact of SMV/SOF therapy on liver stiffness.

Results: The enrolled 59 patients had HCV genotype 4a without any baseline RASs in the NS34A region. 96.6% (57/
59) of patients achieved sustained virological response (SVR12). Of the two patients who failed to achieve SVR12,
one of them developed emerging RASs Q80K in the NS34A region. Seventy-two weeks after SMV/SOF therapy, the
percentage of patients with liver fibrosis stage (F2, F3, and F4) decreased from 75.4% before treatment to 42.1%
after treatment. The combination of SOF and SMV appeared to be well tolerated.

Conclusions: All patients had HCV genotype 4a without any baseline RASs in the NS34A region. In addition, there
was improvement of non-invasive measures of liver fibrosis in patients who achieved SVR, 72 weeks after SMV/SOF
therapy.
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Background
In Egypt, the seroprevalence of hepatitis C virus (HCV)
infection was about 10% in 2015. Since HCV infection is
the main cause of liver cirrhosis, hepatocellular carcin-
oma (HCC), and liver transplantation globally, those pa-
tients with HCV are in a need for effective antiviral
therapy to overcome the progression to these complica-
tions and to reduce mortality [1, 2].
HCV is a small, 9500-nucleotide, plus-stranded ribo-

nucleic acid (RNA) virus that replicates in the cytoplasm

with a single open reading frame. The plus-stranded
viral RNA is first translated into a large polyprotein con-
taining about 3000 amino acids which is then cleaved by
host and viral proteases into structural and non-
structural proteins [3].
Directly acting antivirals (DAAs) were designed to dir-

ectly inhibit viral enzymes and proteins. The NS proteins
NS3/4A protease–helicase and NS5B and the NS5A pro-
tein all perform crucial activities for the viral life cycle
and by far have been the favorite targets for the develop-
ment of new DAAs [4]. Sofosbuvir (SOF) is a pyrimidine
nucleotide analog inhibitor of NS5B and simeprevir
(SMV) is an NS3/4A protease inhibitor [5, 6].
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The high rate of HCV replication allows rapid re-
sponse to selective immune or drug-induced pressure,
which may select for resistant variants [7]. Viral
resistance-associated substitutions (RASs) have been
detected in patients naïve in HCV treatment (i.e., pre-
existing, baseline RASs), and RASs can occur with
DAAs therapy (i.e., emerging RASs). Natural poly-
morphism Q80K, responsible for the reduced re-
sponse of HCV to protease inhibitor simeprevir, is
the most studied RAS [8, 9].
A huge number of patients with advanced chronic

liver disease are achieving sustained virological response
(SVR), highlighting the importance of monitoring fibro-
sis regression. Non-invasive methods such as transient
elastography (TE), Fib-4 index, and APRI score may be
useful for monitoring these changes [10, 11].
According to recommendations of the National

Committee for Control of Viral Hepatitis (NCCVH) in
2015 guided by recommendations of EASL 2015, 12
weeks of treatment with SMV/SOF combination therapy
was recommended for patients with chronic HCV geno-
type4 [12]. Till the time of our study conduction, real-
life data regarding the safety profile, tolerability, and
effectiveness of SMV/SOF combination therapy in
chronic HCV patients in Upper Egypt were still limited.
The aims of the work are (1) to determine the preva-

lence of baseline and emerging NS34A RASs in chronic
HCV patients in Upper Egypt and (2) to assess the im-
pact of SMV/SOF combination therapy on liver stiffness
in patients with chronic HCV infection.

Methods
It was a prospective, open-label study that was con-
ducted at the National Center for the Management of
Viral Hepatitis. It took about 2 years’ duration, from 1st
of December 2015 to 30th of November 2017. All
patients were subjected to detailed medical history,
complete clinical examination, abdominal ultrasonog-
raphy, fibroscan examination, routine laboratory investi-
gations, AST to Platelet Ratio Index (APRI) score, and
Fibrosis-4 (Fib-4 index) (in addition to HCV RNA PCR,
HCV genotyping, and RAS testing).
Fibroscan examination was done at baseline and 72

weeks after the end of treatment. Fifty-nine patients with
chronic HCV infection with and without compensated
cirrhosis were enrolled.
The study population received a 12-week regimen of

simeprevir 150 mg (Olysio® produced by Janssen com-
pany) in combination with sofosbuvir 400 mg (Sovaldi®
produced by Gilead Sciences company) once daily, in
treatment-naïve or INF-experienced patients. The cost
of this combination therapy was about 4000 L.E per
month for each patient, and it was covered by the
Egyptian government as a part of the national campaign

for eradication of HCV in Egypt held by the National
Committee for Control of Viral Hepatitis, The Egyptian
Ministry of Health. Patients were advised to avoid sun
exposure and to use sunscreen cream locally on sun-
exposed areas as possible. Patients also were advised not
to take any other medication for any comorbidity with-
out our consultation to check for drug-drug interactions.

Molecular investigations
PCR, sequencing for genotyping, and amplification of
NS34A were carried out in the Medical Research Center,
Faculty of Medicine, Assiut University, and in Macrogen
Korea Laboratory, South Korea. SVR12 is sustained viro-
logical response with HCV RNA negative at 12 weeks
after the end of therapy.
APRI score [13] and Fib-4 index [14] were calculated

at baseline and 12 weeks after the end of therapy (EOT).
Fibroscan examination was performed in the Assiut

Center for Management of Viral Hepatitis. The median
value of ten successful measurements was considered
representative of the liver stiffness (LS), according to the
manufacturer’s recommendations (IQR less than 30% of
the median value and success rate of more than 60%)
[15]. Based on the baseline LSM, patients were stratified
according to estimated METAVIR fibrosis score into F0,
F1, F2, F3, and F4 groups. Liver stiffness measurement
(LSM) was used to estimate the METAVIR fibrosis stage
as follows: F1 ≥ 6.5 kPa [16], F2 ≥ 7.1 kPa, F3 ≥9.5 kPa,
and F4 ≥ 12.5 kPa [17].

Statistical analysis
Statistical tests were performed using SPSS 16.0 (SPSS
Inc., Chicago, USA) for Windows. Results were reported
as the absolute value, mean ± standard deviation, and
range. Continuous variables were compared using
Student’s T test or Mann-Whitney U test as appropriate.
Nominal or ordinal variables were analyzed by the chi-
square test and Fisher’s exact test. P < 0.05 was consid-
ered statistically significant. Variables with p value < 0.05
were then tested in a logistic regression model. The
ability of Fib-4 index improvement in predicting LSM
improvement was assessed by specificity, sensitivity,
positive and negative predictive values, and positive and
negative likelihood ratios, and accuracy was calculated.

Results
Table 1 shows the demographic and baseline data of the
study group. All patients had HCV genotype 4a, and we
did not find any baseline RASs in the NS34A region.
Table 2 shows virological response in the study group,

where 96.6% achieved sustained virological response
(SVR12). SVR was 96.3% (52/54) in naïve patients and
100% (5/5) in INF experienced patients. Regarding pa-
tients who achieved SVR12, no one relapsed 72 weeks
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after the end of treatment (EOT). Patients with liver fi-
brosis F0–F2 (31/31) (100%) achieved SVR (the two pa-
tients who did not achieve SVR12; one of them was F3
and the other was F4).
Of the two patients who failed to achieve sustained

virological response, one of them developed emerging
RASs Q80K in the NS34A region [sequencing analysis
revealed that in this patient, the cytosine nucleotide was
replaced by adenine at position 238 of the triplet, form-
ing the amino acid number 80, which resulted in the re-
placement of the glutamine (Q) amino acid with lysine
(K)], and the other patient did not have any emerging
RASs in the NS34A region.
Table 3 shows changes in the laboratory data of the

study group. There was a significant decrease in the
mean values of alanine aminotransferase (ALT) and
aspartate amninotransferase (AST) level after treatment
at week 4, week 8, at EOT, and 12 weeks after EOT (at
SVR 12) (p value = 0.001 and < 0.001, respectively).
There was no significant difference (p value > 0.05)
between the mean platelet count before treatment and
after 4 and 8 weeks. However, there was a significant in-
crease (p value < 0.05) in the mean platelet count at
EOT and at SVR 12. Regarding serum total bilirubin,
there was a highly significant increase (p value = 0.001)
in serum total bilirubin at week 4 and week 8 of treat-
ment compared to baseline. However, there was a

significant decrease (p value = 0.001) in serum total bili-
rubin at SVR 12 compared to baseline. There was a sig-
nificant decrease in the mean Fib-4 index and APRI
score post-treatment when compared to pretreatment.
As shown in Table 4 and Fig. 1, after SMV/SOF ther-

apy, patients with liver fibrosis stage (F2, F3, and F4) de-
creased from 75.4% before treatment to 42.1% after
treatment and the total percentage of patients with liver
fibrosis (F0 and F1) increased from 24.6 to 57.9%.
Table 5 shows that the highest significant decrease in

LSM, 72 weeks after EOT, was in patients with baseline
liver fibrosis stage F2 and F3 (p value = 0.001). There
was a significant difference between those with LSM im-
provement and those without LSM improvement, re-
garding treatment status before SMV/SOF therapy and
Fib-4 index improvement status 12 weeks after EOT (at
SVR 12) (p value = 0.042 and 0.035, respectively).
Multiple linear regression analysis showed that LSM im-

provement was significantly higher in patients who were
naïve and patients who showed Fib-4 index improvement
after SMV/SOF therapy. The sensitivity of Fib-4 index im-
provement in predicting LSM improvement was 81.6%
and specificity was 55.6%. Its positive predictive value and
negative predictive values were 88.6% and 41.7%, respect-
ively. The overall accuracy was 76.6%.
Two patients suffered from headaches (3.4%), two pa-

tients developed photosensitivity reactions (3.4%), one
patient developed bleeding gums (1.7%), and one patient
developed fatigue (1.7%). Bilirubin level raised above 1.2
mg/dl in 32/59 patients during SMV/SOF therapy with a
percentage of 54.2%. Among them, 9 patients (28%)
raised to a level above or equal to 2 mg/dl.
There was a significant difference between those who

developed an increase in serum bilirubin to a level ≥ 2
mg during SMV/SOF therapy and those who did not
show this increase, regarding baseline platelet count and
baseline LSM in kilo Pascal (kPa). Multiple linear regres-
sion analyses showed that the degree of rising in serum
bilirubin levels significantly increased in patients who
had higher baseline LSM (kPa). Six patients out of 9
(66.7%), whose bilirubin levels were elevated to a level
equal to or above 2 mg/dl after receiving SMV/SOF
combination therapy, had liver fibrosis F4.

Table 1 Demographic and baseline data of the study group

Item Descriptive

1. Age “years” mean ± SD (range) 50.66 ± 9.80 (27.0–69.0)

2. Sex:

• Male 41 (69.5%)

3. BMI “kg/m2” mean ± SD (range) 27.84 ± 4.42 (19.4–39.1)

4. Diabetes mellitus:

• Yes 14(23.7%)

5. Treatment status:

• Naïve 54(91.5%)

• INF experienced 5(8.5%)

6. HCV genotype Genotype 4a (100%)

7. Baseline NS34A RASs 0 (0%)

Table 2 Virological response in the study group

Item F3, F4 F0–F2 Total

Response:

• Patients who achieved SVR12 92.9% (26/28) 100% (31/31) 57 (96.6%)

• Patients who did not achieve SVR12 7.1% (2/28) 0 (0%) 2 (3.4%)

p value 0.001* NA 0.001*

Total number = 59 patients
NA not applicable, SVR12 sustained virological response with HCV RNA negative at 12 weeks after the end of therapy
* Statistically significant
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Discussion
HCV genotype 4a has been reported as the predominant
subtype in Egypt in some studies [18–20]. In a study
conducted in Damietta, El-Tahan et al. [21] found that
HCV genotype 4a represents 93.3% (28/30) and geno-
type 1 represents 6.7% (2/30). However, we found that
all 59 patients were infected with genotype 4a without
any baseline RASs at NS34A regions that reflect the high
prevalence of HCV genotype 4a in Upper Egypt and the
absence of baseline RASs in NS34A regions in Egyptian
chronic hepatitis C (CHC) patients, and this is unlike
other regions in the world, whereas the prevalence of
Q80K in HCV genotype 1 in North America was 34%
[9]. To the best of our knowledge, we had conducted the
first study that reported the prevalence of baseline
NS34A RASs in patients treated with DAAs in routine
clinical practice in Upper Egypt.
In the present study, the virological response agrees

with the results of another study conducted by El-
Khayat et al. [22] who assessed SVR12 for 583 Egyptian

patients with HCV genotype 4 infections after receiving
SMV/SOF without ribavirin for 12 weeks, and the
SVR12 rate in their study was 95.7% and was lower
among cirrhotic patients (80.8%). Our results are also
consistent with a study conducted by Eletreby et al. [23]
who revealed the SVR12 rate achieved among a cohort
of 6211 patients with genotype 4 HCV infection was
94%. Besides, we found that patients who achieved
SVR12 were still a viremic 72 weeks after EOT.
RAS testing was done in the two patients who did not

achieve SVR, and this revealed the presence of Q80K
RAS in one patient (50%). Due to the small number of
patients who did not achieve SVR12, only two patients,
we could not discover the possible predictors of the
development of emerging NS34A RASs. We just ob-
served that the female patient who developed Q80K
after SMV/SOF therapy had leucopenia at baseline
[TLC (Total leucocytic count) = 2.5 K/cm] while the
other male patient who did not develop Q80K had
normal TLC (4.5 K/cm).
ALT is a biochemical marker for hepatocyte injury.

Persistent ALT elevation is associated with chronic
hepatitis C progression and increased risk for cirrhosis
and an indication for treatment [24]. In the present
study, there was a highly significant difference between
ALT levels before treatment versus the ALT level after
treatment at week 4, week 8, EOT, and 12 weeks after
EOT (p value = 0.001). These results agree with De Pace
et al. [25] who found that AST and ALT decreased
during therapy: baseline mean AST = 52 (32–81) UI/mL
and mean ALT = 52.5 (34–83.2) UI/mL vs EOT AST =
21 (18–28) UI/mL and ALT = 17 (13–24.2). These
results show the rapid improvement of the inflammatory

Table 3 Changes in the laboratory data of the study group

Variable ALT AST PLT Bilirubin Fib-4 APRI

Baseline 44.86 ± 21.34 51.41 ± 22.95 195 ± 68 0.93 ± 0.40 2.42 ± 1.69 0.821 ± 0.08

4 weeks 25.19 ± 9.07 32.46 ± 11.93 196 ± 66 1.29 ± 0.69

Percent of change − 43.84% − 36.86% 0.41% 38.7%

p value 0.001* 0.001* ns 0.001*

8 weeks 23.46 ± 9.33 27.64 ± 10.91 207 ± 74 1.26 ± 0.64

Percent of change − 47.70% − 46.23% 5.80% 35.48%

p value 0.001* 0.001* ns 0.001*

12 weeks (EOT) 26.68 ± 7.96 29.03 ± 7.14 215 ± 52 0.98 ± 0.44

Percent of change − 40.52% − 43.54% 10.11% 5.37%

p value 0.001* 0.001* 0.05* ns

12 weeks after EOT (SVR 12) 24.46 ± 7.63 29.53 ± 6.61 218 ± 64 0.77 ± 0.20 1.60 ± 0.61 0.407 ± 0.08

Percent of change − 45.47% − 42.55% 11.67% − 17.2% − 33.88% − 50.42%

p value 0.001* 0.001* 0.05* 0.001* 0.001* 0.027*

Data were expressed as mean ± standard deviation
Percent of change = [(variable 12 weeks after EOT − variable at baseline)/variable at baseline] × 100
All p values compared the changes in the mean value of each parameter at a certain time in relation to the baseline, *Highly statistical significance
EOT endo of treatment, SVR12 sustained virological response with HCV RNA negative at 12 weeks after the end of therapy, ns not statistically significant

Table 4 Fibrosis stage before and 72 weeks after SMV/SOF
therapy in SVR patients

Liver fibrosis
stage

Before treatment
(baseline)

72 weeks after
treatment

P value

F0 10 (17.5%) 20 (35%) 0.001*

F1 4 (7%) 13 (22.9%) 0.001*

F2 17 (29.8%) 7 (12.3%) 0.001*

F3 10 (17.5%) 2 (3.5%) 0.001*

F4 16 (28.2%) 15 (26.3%) ns

Total cases = 57
*Statistically significant
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process and hepatocyte injury accompanying HCV
infection.
Also, our study showed that non-invasive biomarkers

of liver fibrosis as APRI score and FIB-4 index improved
significantly in most of the patients. Unexpectedly, they
improved in patients who did not achieve SVR. Also, we
found that the possible predictors of APRI score im-
provement were lower baseline platelet, higher baseline
AST, and higher baseline APRI score. In addition, we
found that higher baseline AST was a possible predictor
of Fib-4 index improvement. These results go in
concordance with De Pace et al. [25] who found a
significant dropping of APRI score and a moderate im-
provement in platelet values from baseline to EOT. In
our study, platelet count increased significantly after
treating patients with SMV/SOF combination therapy,
and this agrees with Sayyar et al. [26]. Unexpectedly in
our study, PLT count increased even in patients who did
not achieve SVR.

Lower baseline platelet count, higher baseline APRI
score, Fib-4 index, lower baseline prothrombin, and
higher baseline AFP (alfa-fetoprorein) were associated
with the increased PLT (platelet) count after treatment.
Nevertheless, linear regression analysis showed that
lower baseline platelet count is the main predictor of the
platelet count increase after treatment. This result may
be explained by Amer et al. who studied the relation be-
tween platelet viral load and the possible response after
antiviral therapy; low baseline platelet count and low
platelet viral load may explain the better response in
platelet count after antiviral therapy [27].
Amer et al. were investigating platelets as a possible

reservoir of HCV and predictor of response to treat-
ment, and they found that the platelet count tended to
be lower among those with rapid virological response
(RVR) compared to those with non-RVR throughout the
follow-up. In addition, they found that among individ-
uals with RVR, platelet counts declined slightly by week
4 and week 12 then gradually increased to reach pre-
treatment levels by week 48, but there was no similar de-
cline among patients who did not achieve RVR. Also,
they found that platelet count remained almost constant
over time, among non-SVR, but among SVR, it should
have a steady small decline until week 12, then it started
to increase to pre-treatment levels, and also, they found
that platelet counts did not correlate with platelet or
serum viral loads or treatment responses [27].
Regarding the effect of antiviral therapy on the degree

of hepatic fibrosis in our cohort, there was a significant
difference between the degree of liver stiffness by fibros-
can before and after therapy. According to literatures, a

Fig. 1 Relation between fibrosis stage before and 72 weeks after SMV/SOF therapy

Table 5 LSM before and 72 weeks after SMV/SOF therapy in
SVR patients

Baseline liver
fibrosis stage

Mean liver stiffness
before treatment
(baseline) (kPa),
mean ± SD

Mean liver stiffness
72 weeks after
treatment (kPa),
mean ± SD

P value

F1 (n = 4) 6.4 ± 0.5 5.4 ± 0.9 0.088 ns

F2 (n = 17) 8.5 ± 0.5 6.1 ± 1.3 0.001*

F3 (n = 10) 10.7 ± 0.7 6.9 ± 2 0.001*

F4 (n = 16) 24.9 ± 6.9 20.7 ± 5.6 < 0.05*

Total (n = 47) 15.12 ± 0.54 10.27 ± 0.97 0.001*

*Statistically significant
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more accurate evaluation of fibrosis regression using
fibroscan needs longer duration after EOT. Liver stiff-
ness measurement can be influenced by inflammatory
activity. Transient elastography improves within a short
period of time following SVR, likely reflecting resolution
of inflammation rather than regression of fibrosis. How-
ever, for patients evaluated at later time points post-
SVR, elastography appears to have good performance
characteristics. Thus, delaying the post SVR assessment
of liver stiffness for at least 1 year post SVR would seem
prudent [28–30]. So we decided to choose a point of
time which is of longer duration than 1 year for a better
and more accurate evaluation of liver fibrosis regression.
Pons et al. [31] reported that the improvement of liver

stiffness was found 4 weeks after starting DAAs therapy,
which most probably reflects a reduction in inflamma-
tion rather than in fibrosis. We found that there was a
significant difference between those patients who
achieved liver stiffness improvement and those who did
not achieve liver stiffness improvement regarding treat-
ment status before treatment and the improvement oc-
curring in the Fib-4 index after treatment. Patients who
were naïve or who showed post-treatment Fib-4 im-
provement were more liable for improvement of LSM
after SMV/SOF therapy. These parameters may be pos-
sible predictors of liver stiffness improvement.
Tag-Adeen et al. [32], in a study conducted in Qena

University Hospital that enrolled 80 CHC patients who
received different DAAs regimens, found that LSM
dropped from 15.6 ± 10.8 to 12.1 ±8 .7 kPa post-SVR;
the maximum change of − 5.8 occurred in F4 versus −
2.79, − 1.28, and + 0.08 in F3, F2, and F0–F1, respectively
(p < 0.0001). Also, those patients showed significant im-
provement in the APRI score and Fib-4 index after
achieving SVR. They found that younger age, male gen-
der, raised baseline ALT, and raised AST were possible
predictors of LSM improvement. Concerning the safety
profile in this cohort, the combination of SOF and SMV
appeared to be well tolerated in the majority of patients,
where no deaths or serious side effects leading to the
stoppage of the therapy had been reported. The inci-
dence and degree of the adverse effects are comparable
to those reported in the published international trials
using the same regimen and with the same doses.
The safety profile seen in this study is in-line with the

OPTIMIST-1 and OPTIMIST-2 studies [33]. Among the
fifty-nine patients, minor clinical side effects as fatigue
and bleeding gums were reported in one case for each
(1.7%). Headache and photosensitivity were reported in
2 patients for each (3.4%). After EOT, all the dermato-
logical manifestations gradually disappeared with a
complete resolution with no residual sequels.
Raised bilirubin > 1.2 mg/dl was the most frequent ad-

verse effect where it occurred in 32/59 (54.2%). Total

serum bilirubin level exceeded 2 mg/dl in nine patients
(9/59) (17.3%). This rise was reversible and the bilirubin
level began to improve at week 8 of therapy, improved
significantly at EOT, and returned to normal 12 weeks
after EOT.
These findings came in agreement with the findings

observed by El-Khayat et al. [22]; photosensitivity oc-
curred in 18 patients among 583 patients (3%) and
hyperbilirubinemia occurred in 44 patients (7.2%).
The current work had some limitations: (1) the small

sample size was one of the drawbacks of the present co-
hort; (2) although the absence of baseline NS34A RASs
is a good indicator of its low prevalence in Egypt, this
made it difficult to study the effect of baseline NS34A
RASs on the virological response after receiving the
NS34A inhibitor-containing regimen (SMV/SOF com-
bination therapy); (3) we could not study the efficacy of
SMV/SOF combination therapy on other HCV geno-
types because we found that all patients were infected
with HCV genotype 4a only, although this is a good in-
dicator of the high prevalence of genotype 4 in Egypt;
and (4) another limitation is that our cohort is a Single
Center Experience.

Conclusions
All patients had HCV genotype 4a without any baseline
RASs in the NS34A region. One patient developed emer-
ging RASs Q80K in the NS34A region. In addition, there
was improvement of non-invasive measures of liver fi-
brosis in patients who achieved SVR, 72 weeks after
SMV/SOF therapy.
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