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ABSTRACT
Background: A large Egyptian treatment program for HCV was launched in2014 after the introduction
of direct-acting antiviral agents (DAAs). This program depended mainly on establishing specialized
independent centres for HCV treatment. These centres represent the major strengths in the Egyptian
model of care, as they provide integrated care for HCV patients and have enabled Egypt to treat more
than one million patients in 3 years. The New Cairo Viral Hepatitis Treatment Center (NCVHTC) is an
example of these specialized centres.
Methods: The Egyptian experience in the management of HCV was evaluated by analysing the data of
real-life HCV management in the NCVHTC from 2014 to 2017. Results of different treatment regimens in
addition to their strengths, limitations and areas for improvement are discussed in this report.
Results: A total of 7042 HCV patients have been evaluated for treatment in the NCVHTC. Among them,
5517 patients received treatment by seven different DAA regimens with excellent results.
Conclusions: All regimens were highly effective at treating HCV in a real-life setting, apart from SOF/
RBV, which was the least effective. A nationwide screening program and enhancing the follow-up of
treated patients are the main missing pillars in the Egyptian model.
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1. Introduction

Chronic hepatitis C virus (HCV) infection is a major health
problem that infects more than 185-million individuals
worldwide [1]. HCV represents a major health problem in
Egypt, with the highest reported worldwide prevalence [2].
HCV genotype 4 accounts for 8.3% of the global HCV
seroprevalence but is the dominant genotype in Egypt,
accounting for more than 90% of infections [3–5]. In
2006, after the Egyptian government had recognized the
magnitude of the problem in Egypt, the National
Committee for Control of Viral Hepatitis (NCCVH) was cre-
ated [6]. In 2007, the NCCVH started to establish specia-
lized treatment centers for evaluation and management of
viral hepatitis within the Ministry of Health and Population
healthcare facilities and other facilities. These centers pro-
vide integrated free-of-charge services for managing HCV,
including screening, evaluation for treatment eligibility,
providing antiviral therapies, and follow-up during and
after the end of treatment (EOT) [6]. In 2014, after direct-
acting antiviral drugs (DAAs) became available in Egypt, a

mass treatment program was started by the NCCVH that
was basically founded on sofosbuvir-based regimens after
reaching an agreement with the manufacturer to buy the
medication at a very low cost. The first treatment protocol
utilized sofosbuvir combinations with either ribavirin for
24 weeks (dual therapy) or PEGylated interferon/ribavirin
for 12 weeks (triple therapy) during the period between
October 2014 and May 2015 [2,7]. The treatment protocol
and the used medications were submitted to a series of
changes based on the availability of antiviral therapies and
the periodic changes in international guidelines for HCV
management [2,6]. The introduction of combined sofosbu-
vir and simeprevir therapy, which provided nearly an over-
all 94% SVR12, followed the availability of simeprevir in
Egypt [8]. Currently, sofosbuvir/daclatasvir and sofosbuvir/
ledipasvir, with or without ribavirin, in addition to parita-
previr/ritonavir/ombitasvir + ribavirin regimens, are also
available [6]. Since November 2015, generic sofosbuvir
with daclatasvir ± ribavirin became the standard treatment
in all NCCVH centers [7] because of its availability due to
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the local production and cheap prices. The high efficacy
and better safety profile of DAA led to an expansion of the
pool of patients who were eligible for treatment [9,10], so
it was necessary to open more treatment centers. More
than 64 specialized centers were established between
2007 and 2016, contributing to the treatment of more
than one-million chronic HCV-infected persons all over
Egypt. Each center is an independent unit that delivers
integrated specialized medical services through highly
qualified staff who are well trained in the treatment of
viral hepatitis, including hepatologists, clinical pharmacists,
and laboratory staff, in addition to consultation services
provided by endocrinologists, nephrologists, and cardiolo-
gists. The delivered services include initial clinical evalua-
tion, revision laboratory results, treatment decisions,
follow-up, and adverse effect monitoring.

The New Cairo Viral Hepatitis Treatment Center (NCVHTC) is
one of these specialized centers, located in Cairo, Egypt. Now,
after more than 3 years of treating HCV with the DAA-based
Egyptian model of care, we feel that it is time to present this
single-center account of HCV treatment including the results
of different treatment regimens in addition to their strengths,
limitations, and areas for improvement, as a representative
example for NCCVH centers in Egypt.

2. Patient recruitment

All patients who attended NCVHTC outpatient clinics in the
period between October 2014 and July 2017 for evaluation
for therapy were included in the analysis. Treatment elig-
ibility was always defined through the standardized treat-
ment protocol issued by the NCCVH. Eligible patients for
antiviral therapy were 18 years of age or older and had
chronic HCV infection evidenced by positivity for HCV
antibodies and HCV RNA by PCR. Patients with HCV recur-
rence or reinfection after previous interferon-based or
DAA-based regimens were included. Key exclusion criteria
according to the Egyptian HCV treatment protocol were
the presence of significant liver affection (evident by total
serum bilirubin >3 mg/dl, serum albumin <2.8 gm/dl, INR
≥1.7, hepatic encephalopathy, or uncontrolled ascites),
hemoglobin <10 g/dl, platelet count <50,000/mm3, and
hepatocellular carcinoma (HCC) except 6 months after
intervention aiming at a cure with no evidence of activity
by dynamic-imaging computed topography or magnetic
resonance imaging, extra-hepatic malignancies except
after 2 years of disease-free survival, pregnancy, or unwill-
ingness to comply with two effective contraceptive meth-
ods, breast-feeding or hypersensitivity to any of the used
medications.

3. Study oversight

The current study was conducted in accordance with Good
Clinical Practice guidelines laid down in the Helsinki
Declaration 1975 and was approved by the ethical committee
of the National Hepatology and Tropical Medicine Research
Institute in Cairo, Egypt. An informed consent form was signed

by all participants during the enrolment phase before the start
of any treatment or data collection.

4. Study design and assessments

4.1. Design

This is an observational intention-to-treat cohort analysis of
HCV genotype 4-infected patients treated at the NCVHTC.
Before enrolment, all participants were subjected to detailed
physical examination, routine blood workup, and fibrosis
assessment using either liver biopsy, FibroScan® (Echosens,
Paris, France) or Fibrosis-4 (FIB-4) score, as previously used in
our patients [11]. When liver biopsy was not available,
FibroScan was done to assess fibrosis in early phases of the
HCV treatment program due its high sensitivity for detection
of cirrhosis. FIB-4 was introduced recently by the NCCVH as an
inexpensive alternative for assessment of liver fibrosis, aiming
at decreasing the cost of pretreatment investigations. Patients
were assigned to different treatment options according to the
available medication at the time of enrolment. Available treat-
ment options were as follows:

● Treatment option I: Weekly subcutaneous injection of
PEGylated IFN-α 180 mg, once-daily oral capsule of sofos-
buvir (SOF) 400 mg, and oral weight-based ribavirin
(RBV) (1000 mg daily in patients with a body weight of
<75 kg and 1200 mg daily with a body weight of ≥75 kg)
in 2 divided doses, for 12 weeks.

● Treatment option II: Once-daily 2 oral tablets (75 mg of
paritaprevir, 12.5 mg of ombitasvir, and 50 mg of ritona-
vir) and oral weight-based ribavirin divided into 2 doses
for 12 weeks.

● Treatment option III: Once-daily oral SOF 400 mg and
oral daclatasvir (DCV) 60 mg for 12 weeks.

● Treatment option IV: Once-daily oral SOF 400 mg, oral
DCV 60 mg, and oral weight-based RBV for 12 weeks.

● Treatment option V: Once-daily oral fixed combination of
ledipasvir (LDV)/SOF (90 mg/400 mg) with weight-based
ribavirin for 12 weeks.

● Treatment option VI: Once-daily oral SOF 400 mg with
weight-based ribavirin divided into 2 doses for 24 weeks.

● Treatment option VII: Once-daily oral SOF 400 mg and
oral simeprevir (SIM) 150 mg for 12 weeks.

During the treatment period, patients were scheduled for a
monthly follow-up for clinical examination and laboratory
analysis (hematologic panel and liver biochemical profile).
HCV RNA testing was scheduled at weeks 4, 12, EOT, and
12 weeks after cessation of treatment (SVR12). Adverse events
and laboratory abnormalities were recorded thoroughly.

4.2. Outcomes

The primary outcome of the current study was the efficacy of
the treatment protocol for chronic HCV. Primary efficacy
assessment included sustained virological response, as defined
by negative HCV PCR at 12 weeks after the EOT (SVR12). The
secondary outcome was to identify possible predictors of
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response for each treatment protocol. These measurable out-
comes may give an idea about the effectiveness of the path
that was followed by the NCCVH in Egypt and may help to
decide upon future steps.

4.3. Statistical analysis

All patients who received at least one dose of DAA in the
NCVHTC were included in the analysis. Demographic and
routine laboratory data are expressed as a number (percen-
tage) for categorical variables and as the mean (± SD) or
median (interquartile range) for continuous variables.
Baseline data were compared per administered treatment, as
well as per treatment outcome (SVR vs. non-SVR). The SVR rate
was compared in study subgroups (cirrhosis vs. noncirrhosis,
treatment-naïve vs. -experienced). All quantitative parametric
and nonparametric variables were analyzed using either
Student’s T-test or the Mann–Whitney test for comparison of
two groups, as appropriate. The chi-square test was used for
comparison of categorical variables. Univariate and multivari-
ate adjusted logistic regression models were constructed to
determine baseline predictors of SVR. Data are presented as
odds ratios (ORs) with 95% confidence intervals (CIs). All sta-
tistical analyses were based on two-sided hypothesis tests
with a significance level of p < 0.05.

5. Results

Data of chronic HCV patients who received treatment in the
NCVHTC between October 2014 and July 2017 were retrieved.
Out of 7042 patients who underwent initial evaluation, 1525
patients did not receive antiviral drugs due to the presence of
one or more exclusion criteria. The main causes for treatment
exclusion were advanced liver decompensation and marked
thrombocytopenia. A total of 5517 patients were eligible for
antiviral treatment and received therapy with one of the used
treatment regimens. A total of 5301 patients were able to

finish therapy, while 216 patients stopped treatment. A flow-
chart of the study patients is shown in Figure 1. The antiviral
regimens used were IFN/SOF/RBV, PAR/OMP/RBV, SOF/DCV,
SOF/DCV/RBV, SOF/LED/RBV, SOF/RBV, and SOF/SIM. The
mean age of the studied patients was 51.3 ± 11.2 years, and
(2700) 48.9% of them were male.

Among the studied patients, 1505 patients (27.2%) were obese
as defined by BMI > 30. A history of diabetes was reported by 1044
patients (18.9%), who had amean HbA1C of 6.32 ± 1.16, while 908
of our patients (16.45) were hypertensive. HBV coinfection was
evident in 31 patients (0.56%). From the total study group
(n = 5390), 85.4% (4604) were treatment-naïve (had not received
previous HCV therapy). Our study included 2142 (38.8%) cirrhotic
patients. Cirrhosis was diagnosed by either ultrasound criteria
showing cirrhosis, FIB-4 score more than 3.25, METAVIR fibrosis
stage 4 in liver biopsy, or liver stiffness measurement by FibroScan
corresponding to cirrhosis (F4 METAVIR). Fifteen patients (0.3%)
had ascites at the time of examination and were controlled by
diuretics prior to starting therapy as a perquisite for treatment.
Among cirrhotic patients, the majority (n = 2125, 99.2%) were
Child–Pugh class A, while only 17 (8%) were class B.

The baseline assessment of fibrosis was done by liver biopsy,
elastography by FibroScan, or ultrasound and FIB-4 score.
FibroScan examination, which was performed in 1086 patients,
revealed that 275 (25.4%) were <F2 and 811 (74.6%) were ≥F2
according to METAVIR score. Mean FIB-4 was 2.8 ± 2.57 for all
included patients. Upper endoscopy was done for cirrhotic
patients as a prerequisite for treatment according to the recom-
mendation of the NCCVH in Egypt in early phases of treatment
with DAAs (which has since been changed), so it was done only for
556 patients; esophageal varices were discovered in 287 of them.
The baseline characteristics of the studied patients are shown in
Table 1.

In all patients who completed the treatment course
(n = 5301), the overall sustained virological response (SVR12)
rate was 95.5%. The SVR rates for IFN/SOF/RBV, PAR/OMP/RBV,
SOF/DCV, SOF/DCV/RBV, SOF/LED/RBV, SOF/RBV, and SOF/SIM
were 91.9%, 98.8%, 99.8%, 99.2%, 100%, 82.9%, and 96.4%,

All included patients
n=5517

Complete the full 
regimen 
n=5301

Lost follow up
n=216

SVR
n=5063

Treatment failures
n =238

All evaluated patients
n=7042

Not eligible
n=1525

Figure 1. Flowchart of the studied patients.
Out of 7042 patients attended clinic and evaluated, 1525 were not eligible for therapy. The total number of enrolled patients was 5517 patients, 5301 of them completed the full treatment
course, while 216 (3.9%) lost their follow-up after enrollment in the treatment program. Of all patients who completed the treatment course (n = 5301), the overall number of patients who
achieved SVR12 was 5063 (95.5%), while 238 patients (4.5%) showed treatment failure.
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respectively. The SVR of each treatment regimen is shown in
Table 2 and Figure 2.

Among all patients, the following characteristics were
more likely to predict SVR12: male gender, younger age,
absence of cirrhosis, naivety to previous antiviral therapy,
lower baseline AST, lower baseline alpha fetoprotein (AFP),
lower baseline total bilirubin, smaller portal vein diameter,
lower baseline FIB-4 score, lower baseline liver stiffness,
higher baseline prothrombin concentration, and higher
baseline albumin. History of alcohol intake, tobacco smok-
ing, associated diabetes mellitus or hypertension, thyroid
function test, hemoglobin level, ALT, and baseline HCV
viral load were not likely to affect SVR. SVR12 and non-

SVR12 patients’ baseline characteristics are shown in
Table 3. Table 4 explains the logistic regression model for
SVR likelihood (SVR vs. non-SVR). Multivariate analysis
including different DAA regimens is added as supplemen-
tary data.

6. Discussion

6.1. Overview

Since the introduction of DAAs in 2014, a huge effort has been
made to control HCV in Egypt by implementing a national
mass treatment program. As Egypt has the highest prevalence
rate of HCV worldwide, a unique mass treatment program was
established. The major and unique characteristics of the
Egyptian program are as follows:

(1) It depends on highly specialized independent viral
hepatitis centers that were established and distributed all
over the country to deliver high-quality medical services and
the best treatment access to HCV patients.

(2) The availability of generic medications of sofosbuvir,
daclatasvir, and sofosbuvir/ledipasvir at a very low price
enabled the Egyptian NCCVH to offer free-of-charge treat-
ments to over one-million Egyptian patients.

The sequential availability of different DAAs in Egypt since
2014 has led to a series of changes in the Egyptian protocol
for HCV treatment. In the current study, we present the real-
life experience of a single specialized center for HCV treatment
in Egypt that involved seven different regimens. We aimed to
review this unique experience and find learning points and
future challenges.

6.2. Our center’s results and those of other Egyptian
studies

The NCVHTC has been treating chronic HCV patients accord-
ing to the regulations of the NCCVH. The total number of
referred patients to the center reached 7042 over the study
period. After applying the inclusion and exclusion criteria for
treatment, a total of 5517 patients started therapy, with 216
patients lost during follow-up, leaving a total of 5301 patients
who completed the treatment and follow-up period. Different
combination regimens of DAAs were used. This study out-
numbers many real-life Egyptian studies, namely that of
Elsharkawy et al. (2017a), and another Egyptian single-center
study that assessed the effects of sofosbuvir-based regimens
on the biochemical profile, which included 272 patients trea-
ted by different DAA regimens, with a mean age of 54 years
and a male predominance (64.7%) [12].

In our study, and according to the used regimens, the
highest SVR rates were achieved with SOF/LED/RBV, which
reached 100% when used for 12 or 24 weeks. Similarly, SOF/
DCV showed SVR rates of 99.8% and 100% when used for 12
and 24 weeks, respectively. PAR/OMP/RBV showed SVR rates
of 98.6% and 100% when used for 12 and 24 weeks, respec-
tively. The SVR rate of SIM/SOF was 96.4%. The interferon-

Table 1. Baseline characters of the studied patients.

Baseline characters of studied patients (n = 5517)
Mean ± SD or

n (%)

ALT (IU/L) 54.19 ± 38.81
AST (IU/L) 57.65 ± 38.41
Albumin g/dL 3.96 ± 0.50
Total bilirubin mg/dL 0.83 ± 0.41
INR 1.12 ± 0.16
AFP (IU/L) 11.32 ± 21.12
Hemoglobin g/L 13.47 ± 1.68
Platelets ×103/mm3 191.55 ± 76.15
Creatinine mg/dL 0.85 ± 0.24
HbA1c 6.32 ± 1.16
Liver biopsy
Fibrosis stage (n = 214):
<F2
≥F2

69 (32.2)
145 (67.7)

Activity grade (n = 211):
<A2
≥A2

109 (51.6)
102 (48.4)

FibroScan (n = 872):
<F2
≥F2

206 (23.6)
666 (76.4)

Liver stiffness measurement by FibroScan 16.82 ± 12.68
FIB-4 2.80 ± 2.57
Fibrosis stage:
Noncirrhosis
Cirrhotic (either by US or FIB-4 > 3.25 or FibroScan = F4
or METAVIR score on biopsy = F4)

3375 (61.2)
2142 (38.9)

Child score for cirrhotic patients (n = 2142)
A
B

2125 (99.2)
17 (0.8)

Table 2. Different treatment regimens of the studied patients and their response
(SVR %).

Treatment regimen Number (%) p-value

IFN/SOF/RBV (12 w) (n = 830) 763 (91.9) <0.001
PAR/OMP/RBV (n = 82)
12 w (n = 74)
24 w (n = 8)

81 (98.8)
73 (98.6)
8 (100.0)

SOF/DCV (n = 1668)
12 w (n = 1663)
24 w (n = 5)

1664 (99.8)
1659 (99.8)
5 (100.0)

SOF/DCV/RBV (n = 1084)
12 w (n = 949)
24 w (n = 135)

1075 (99.2)
940 (99.1)
135 (100.0)

SOF/LED/RBV (n = 9)
12 w (n = 6)
24 w (n = 3)

9 (100.0)
6 (100.0)
3 (100.0)

SOF/RBV (n = 732) 24 w 607 (82.9)
SOF/SIM (n = 896) (12 w) 864 (96.4)
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based triple regimen, which had been used earlier in the
project (2014–2015), showed an SVR rate of 91.9%. The lowest
SVR rate was observed with SOF/RBV, which was prescribed
for 24 weeks as an alternative to SOF/IFN/RBV in patients with
advanced liver disease who were ineligible for interferon.
Comparable SVR rates were observed in most of the published
HCV treatment studies coming from real-life settings in Egypt.

In 2013, the first Egyptian clinical trial using sofosbuvir-
based therapy was a multicenter open-label study [5].
Patients were randomly assigned to receive 12 versus
24 weeks of sofosbuvir (400 mg) with 1000–1200 mg oral
ribavirin every day. Stratification was based on prior treatment
experience, as well as the presence or absence of cirrhosis.
SVR12 was achieved in 90% and 77% of patients treated for 24
and 12 weeks, respectively. These results were consistent with
those of Ruane and colleagues, who enrolled HCV genotype 4
patients of Egyptian origin [13]. The encouraging results of
both studies were the basis for accrediting the SOF/RBV regi-
men early in the national treatment protocol. Our results were
nearly the same as those of another recent real-life Egyptian
study, which evaluated 8742 patients who received IFN/SOF/
RBV and 5667 SOF/RBV, where the SVR12 values were 94% and
78.7%, respectively [14].

InMay 2015, the Egyptian NCCVH issued a newprotocol, which
discarded the SOF/RBV regimen because of its suboptimal results
and replaced it with SOF/SIM for 12weeks. The use of this regimen
was based on the results of the OSIRIS Egyptian clinical trial that
investigated this line of treatment for both cirrhotic and noncir-
rhotic patientswith HCV genotype 4 [15]. Sixty-three patients were
treated, and the SVR12 rate approached 100% regardless of treat-
ment history and stage of fibrosis. The real-life situation of the first
6211 patients treated with SOF/SIM was recently published [8].
Overall, the SVR12 was 94%, and higher success rates were found
in the easy-to-treat group than the difficult-to-treat group (96% vs.
93%). SVR rates in our study were comparable to that study and to
other published results on the real-life efficacy of the same regi-
men [16,17].

According to NCCVH guidelines for HCVmanagement, another
potent drug regimen, the 2D regimen PAR/OMP/RB, has been
added to the treatment protocol. This combination proved very

effective in an Egyptian clinical trial (AGATE II) that recruited
chronic HCV genotype 4 patients with or without compensated
cirrhosis. This multicenter, phase 3, partly randomized clinical trial
recruited treatment-naïve patients and interferon-experienced
patients, who were treated for 12 or 24 weeks. SVR12 rates were
94% in noncirrhotic and 97% in cirrhotic patients treated for
12 weeks and 93% for patients treated for 24 weeks [18].
Despite its proven potency and safety, this line of treatment was
not included as a main line of treatment in the national program
due to its much higher costs than other drugs. Thus, this regimen
was employed for treating patients with renal impairment.

The last update for the NCCVH guidelines was in December
2016. It considers SOF/DCV combination therapy, with or with-
out ribavirin, the first line of management of chronically
infected HCV patients. This 12-week regimen showed beneficial
success rates with acceptable safety. A recent large real-life
Egyptian account of using SOF/DCV in 18,378 HCV patients
documented an overall SVR rate of around 95% [7].

6.3. Predictors of treatment failure

On analyzing the baseline parameters of patients who did not
respond to treatment, it was clear that those patients who had
significantly lower albumin, total leukocyte count, platelet
count, and prothrombin; higher INR, AFP, AST, bilirubin, and
FIB-4 score; Child–Pugh class B; and high liver stiffness as
assessed by FibroScan responded less to treatment with
DAAs. In a recent Egyptian study, predictors of nonresponse
included male gender, previous interferon therapy, and being
in the difficult-to-treat group [19]. The long treatment duration
was among the predictors of treatment failure, and this could
have two possible explanations. The first is that the longer
duration of treatment (24 weeks) was assigned to the difficult-
to-treat group (cirrhotics and previous treatment failures), with
expected low responses, while the easy-to-treat patients
received the shorter duration of treatment (12 weeks), and
their responses were better. The second possible cause is that
one of the used regimens with 24 weeks’ fixed duration was
SOF/RBV, with its obviously lower response rates compared
with other regimens, including DAA combinations.

Figure 2. Attained SVR in different treatment regimens.
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On the other hand, we have found some predictors that
were associated with better response rates, such as male
gender, young age, treatment-naivety, and nonsmoking, in
comparison to the group of non-SVR12. Lower liver enzyme

levels, serum creatinine, and FIB-4 score; less stiffness (F0-F1)
in FibroScan; and lower activity score (A1-A2) on liver biopsy
were also associated with SVR12. The presence of cirrhosis by
abdominal ultrasonography was correlated with a lower SVR12

Table 3. Comparison between SVR12 and non-SVR12 patients regarding baseline characteristics.

Baseline characteristics SVR12 (N = 5063) Non-SVR12 (N = 238) p-value

Age (yrs.)
Mean ±SD

51.23 ± 11.326 52.84 ± 8.775 <0.001

Male gender 2432 (48.0) 156 (65.5) <0.001
BMI 30.01 ± 5.93 30.88 ± 5.54 0.40
Treatment status (n = 5216):
Experienced
Naive
Missing 85 (1.6%)

722 (14.3)
4341 (85.7)

37 (24.2)
116 (75.8)

0.001

Tobacco consumption
No
Yes
Missing 207 (3.9%)

4454 (88.0)
609 (12.0)

23 (74.2)
8 (25.8)

0.03

IV drug user:
No
Yes
Missing 206 (3.9%)

5053 (99.8)
10 (0.2)

32 (100.0)
0 (0.0)

1.000

Alcohol intake:
No
Yes
Missing 206 (3.9%)

5058 (99.9)
5 (0.1)

32 (100.0)
0 (0.0)

1.00

Hypertension:
No
Yes
Missing 207 (3.9%)

4181 (82.6)
880 (17.4)

27 (81.8)
6 (18.2)

0.90

DM:
No
Yes
Missing 206 (3.9%)

4048 (80.0)
1015 (20.0)

23 (71.9)
9 (28.1)

0.25

Log-PCR 5.64 ± 0.84 5.74 ± 0.71 0.09
ALT (IU/L) 53.72 ± 38.98 59.60 ± 34.50 0.02
AST (IU/L) 56.39 ± 37.63 74.07 ± 41.86 <0.001
Median AFP (IQR) (IU/L) 5.45–(7.14) 13.33–(17.01) <0.001
Creatinine mg/dL 0.84 ± 0.21 0.87 ± 0.38 0.002
ANA (n = 3899):
Negative
Positive

3566 (96.6)
127 (3.4)

191 (92.7)
15 (7.3)

0.004

Albumin g/dL 3.98 ± 0.49 3.71 ± 0.55 <0.001
TSH 1.84 ± 1.23 1.78 ± 1.06 0.69
Total bilirubin mg/dL 0.81 ± 0.38 1.11 ± 0.59 <0.001
Hb g/dL 13.47 ± 1.68 13.59 ± 1.70 0.90
Platelets ×103/mm3 195.17 ± 75.71 138.99 ± 63.25 <0.001
INR 79.47 ± 14.11 1.20 ± 0.19 0.14
HbA1c 6.34 ± 1.16 6.17 ± 1.08 0.325
HbsAg:
Negative
Positive
Missing 106 (2.0%)

4984 (99.4)
29 (0.6)

181 (99.5)
1 (0.5)

1.000

Fibrosis stage:
Noncirrhosis
Cirrhosis

3228 (63.8)
1835 (36.2)

55 (23.1)
183 (76.9)

<0.001

Ascites:
No
Yes
Missing 52 (1.0%)

5051 (99.8)
12 (0.2)

185 (99.5)
1 (0.5)

0.38

Activity grade:
<A2
≥A2

101 (53.7)
87 (46.3)

7 (36.8)
12 (63.2)

0.16

FIB-4 2.67 ± 2.45 4.60 ± 3.18 <0.001
Child score:
A
B

1818 (99.1)
17 (0.9)

183 (100.0)
0 (0.0)

0.39

FibroScan:
<F2
≥F2

198 (25.4)
582 (74.6)

6 (9.2)
59 (90.8)

0.003

Liver stiffness measurement 2.67± 2.45 4.60± 3.18 <0.001
Treatment duration:
12 w
24 w

4304 (85.0)
759 (15.0)

113 (47.5)
125 (52.5)

<0.001
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rate in our study, as well as SVR12 showed a significant
difference between cirrhotics (88.8%) and noncirrhotics
(97%), and this is concordant with Doss et al. (2015), who
found that patients with cirrhosis at baseline had lower rates
of SVR12 (63% at 12 weeks, 78% at 24 weeks) than those
without cirrhosis (80% at 12 weeks, 93% at 24 weeks) [5].

Regression analysis showed that male gender, absence of cir-
rhosis, low baseline serum AST and AFP; high baseline serum
albumin and leukocyte and platelet counts; and low FIB-4 score
were independent factors of the response to the currently used
DAA regimens. This was not in concordance with the predictors of
nonresponse to DAAs in another real-life Egyptian study, which
were male gender and previous interferon therapy [14].

The number of patients who were lost to follow-up in our
study was very small (total of 216 patients) and varied accord-
ing to treatment regimen from 3% to a maximum of 8% in the
SOF/RBV group, which could be attributed to the side effects
of the RBV and the longer duration of therapy, which reached
24 weeks in this regimen. The limited number of treatment
discontinuations in our center may be attributed to our policy
of assigning every doctor to a limited known number of
patients, yielding better doctor–patient adherence, in addition
to our call center, which scheduled regular telephone remin-
ders for appointments and follow-up schedules.

6.4. Conclusion

Among the 5517 patients who started antiviral treatment in our
center, a total of 5301 patients completed the full treatment
course, and the overall number of patients who achieved SVR12
was 5063 (95.5%), while 238 patients (4.5%) failed to clear the
HCV infection across the 7 different treatment regimens. The
Egyptian model of care for managing HCV, which relies on
providing integrated services for HCV-infected patients through
specialized viral hepatitis treatment facilities, is a successful
model for a resource-limited country with high HCV endemicity.

7. Expert commentary

In this single-center account, we present the unique experi-
ence of the NCVHTC in treating HCV according to the NCCVH
guidelines, with a large number of recruited patients, superior
SVR results, and very good patient adherence. Among a total
of 7042 HCV patients who underwent assessment for eligibility
to receive antiviral therapy, 5517 patients started therapy.
They showed good adherence to treatment and high SVR
rates compared to other recently published real-life studies.

We used seven different treatment regimens, all of which
proved to be efficacious, with the discontinued SOF/RBV regi-
men being the least effective.

7.1. Key weaknesses

Some patient files (207) had missing data, and some files
lacked clear detailed data about adverse effects, which will
be addressed in another study by our group, soon to be
published. A more strict policy for follow-up should be imple-
mented to avoid even this small rate of dropout. This would
seem to be achievable with the use of treatment regimens of
less than 12 weeks and with fewer side effects.

7.2. Another face of the same coin

It is logical that studying predictors of response to HCV ther-
apy would be of utmost importance in developing economic-
ally constrained countries because restricting therapy to
patients who are more likely to respond will result in better
utilization of resources and will ultimately have a positive
economic impact, even though this would contradict the ulti-
mate goal of disease eradication. Yet, efforts of the NCCVH in
reducing the price of HCV treatment to the lowest rates all
over the world, along with the presence of proven efficacious
generics, would be the best alternative to serve this goal. In
that setting, the preemptive decision of patients unlikely to
benefit from treatment is very important to pave the way for
trying more tailored treatment regimens from the start.

7.3. Five-year view

Accumulating outstanding results achieved by different DAA regi-
mens in Egypt give us hope in our battle against HCV. Our center
will be ready to receive the new clinical goals of the near-future
treatment regimens coming down the pipeline, including pangen-
otypic regimens with higher barriers to resistance or treatment
failures; simple dosing regimens, which might include all-in-one
combination pills, more manageable drugs and fewer drug–drug
interactions; shorter durations of therapy (<12 weeks); more effec-
tive DAA retreatment options; and RBV-free regimens. After treat-
ment of most known patients, our next step will be a national
screening program for diagnosis of new HCV cases, which will be
challenging. Moreover, we need a continuous follow-up plan for
cirrhotic patients after achieving SVR, which is an important chal-
lenge to detect cirrhosis-related complications such as HCC early,
and we need to gather important data about long-term benefits
obtained after SVR. We look forward to turning our unit and its
peer centers into nuclei for integrated and complete liver disease
management or even transplant centers.

In the era of DAAs and with the rapidly growing experience
with their use worldwide, especially in Egypt, this single-center
account adds to the real-life experience in the treatment of chronic
HCV genotype 4. Further studies are urgently needed to investi-
gate more relationships and predictors of successful treatment
with current and forthcoming regimens.

Table 4. Logistic regression model for baseline predictors non-SVR likelihood
(SVR vs. non-SVR).

OR (95%CI) p-value

Age 0.99 (0.97–1.02) 0.737
Gender (male) 2.01 (1.241–3.25) 0.005
Treatment status (experienced) 1.18 (0.76–1.85) 0.45
Liver status (cirrhosis) 2.45 (1.62–3.69) <0.001
BMI 1.03 (1.01–1.07) 0.01
ALT (IU/L) 1.00 (0.99–1.01) 0.98
RBV use 2.66 (1.61–4.39) <0.001
Hb (g/L) 1.00 (0.87–1.14) 0.99

EXPERT REVIEW OF GASTROENTEROLOGY & HEPATOLOGY 7



Key issues

● The successful Egyptian model of care for managing HCV
relies on providing services for HCV-infected patients
through specialized viral hepatitis treatment facilities that
cover the whole country.

● These centres provide integrated free-of-charge services for
managing HCV, including screening, evaluation for treat-
ment eligibility, providing antiviral therapies, and follow-
up during and after the end of treatment.

● Egypt succeeded in treating more than one million patients
with HCV during 3 years.

● The New Cairo Viral Hepatitis Treatment Center (NCVHTC) is
one of these specialized centres, located in Cairo, Egypt,
where a total of 7042 HCV patients were evaluated for
eligibility for antiviral therapy.

● The applied standardized protocol for treatment of HCV in
viral hepatitis treatment centres is continually changing
according to the availability of antiviral medications and
the resulting modifications in treatment guidelines.

● All utilized treatment regimens were highly effective at
managing HCV in a real-life setting.

● A nationwide screening program in addition to enhancing
the follow-up of treated patients are the main missing
pillars in the Egyptian model.
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