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Abstract
Purpose: To assess the efficacy and predictors of treatment response of chronic hepatitis C genotype 4
Egyptian patients with sofosbuvir and daclatasvir, with or without ribavirin.
Methods: This prospective study enrolled 200 patients with chronic hepatitis C virus (HCV) genotype 4
infection who received sofosbuvir plus daclatasvir for 12 weeks, with the addition of ribavirin for treating
cirrhotic patients. Immunological parameters such as natural killer (NK) cell percentage, phenotype, and
serum C-X-C motif chemokine 10 (CXCL10) were evaluated prior to treatment and at the end of the
treatment.
Results: Overall, 92.5 % of the patients achieved sustained virological response at 12 weeks (SVR12),
where the non-cirrhotic group had 96.29 % SVR12, while the cirrhotic group had 84.61 % SVR12. Nonresponders had lower pretreatment platelet count, higher CXCL10 levels, and lower baseline
frequencies of NK cells and NK subgroup CD56- CD16+.
Conclusion: Based on these results, the use of sofosbuvir plus daclatasvir with or without ribavirin for
12 weeks, is an effective regimen in the treatment of Egyptian patients infected with genotype 4 HCV.
The predictors of non-response are advanced age, liver cirrhosis, lower pretreatment platelet count,
higher level of CXCL10, lower baseline NK cells frequency and percentage of the dysfunctional subset
CD56- CD16+.
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INTRODUCTION
It is estimated that ~ 184,000,000 people
worldwide are infected with hepatitis C virus
(HCV) [1]. Its prevalence among the Egyptian
population was estimated to be 15 %; of whom
more than 90 % are infected with HCV genotype
4 [2]. With the use of direct-acting antiviral (DAA)
drugs, most HCV patients have a good chance of

achieving sustained virological response (SVR).
Contrary to the previous interferon (IFN) based
therapy, the SVR rate with the use of DAAs is
approximately ≥ 95 % [3].
It is well-known that a higher degree of liver
stiffness (LS) - as non-invasive measurement of
liver fibrosis - is considered a risk factor for nonresponse to IFN-based therapies [4,5].
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In chronic HCV infection, both the innate and
adaptive immune responses display disordered
features. Infected hepatocytes produce type 1
IFN which binds to membrane receptors (IFNAR)
on the adjacent hepatocytes and immune cells,
inducing expression of the IFN-stimulated genes
(ISGs), which suppress all steps of viral
replication [6]. One of the important resultant
products of ISG expression within infected
hepatocytes is CXCL10 [7].
During HCV infection, NK cells display polarized
phenotype, with diminished cytokine production
[8]. Moreover, a dysfunctional NK cell subset
CD56- 16+ is reinforced, which is characterized
by reduced cytokine production ability and
impaired cytotoxicity, these features are linked to
inefficiency of the adaptive immune response [9].
These disordered immune response features
have been linked to poor response to IFN-based
treatment regimens [7,10]. One of the wellstudied immunological markers that could predict
poor response to IFN-based regimens is
CXCL10 [11]. However, the impact of the altered
immune response towards HCV infection on the
response to DAAs has not been determined.
Therefore, in this study, we aimed at elucidating
the predictor factors of response to DAAs.

METHODS
Patients and methods
A prospective cohort of 200 patients with chronic
HCV infection was enrolled from the hepatitis
treatment clinic of Minia University Liver Centre,
Egypt, from January 2018 to May 2019.
Ethical consent
Before commencement of the study, Approval
was obtained from the research committee
involved within the Council of Faculty of
Medicine, Minia University (approval no. 96,
dated 20 December 2017). The study conformed
to the Principles of the Declaration of Helsinki,
and the appropriate safeguards regarding the
rights and welfare of the human participants were
followed [12]. All patients were given a consent
regarding clinical examination and investigations.

Exclusion criteria
Pregnant; patients with chronic kidney disease
(estimated glomerular filtration rate [eGFR] < 30
ml/min/1.73 m2); hepatocellular carcinoma; HIV
or HBV co-infection.
Pre-treatment measures
The following measures were performed for all
patients: history-taking, clinical evaluation, HCV
antibody, hepatitis B surface antigen (HBsAg),
liver function tests (serum albumin, total
bilirubin), liver enzymes: serum glutamatepyruvic transaminase (SGPT), serum glutamicoxaloacetic transaminase (SGOT), international
normalized ratio (INR), serum creatinine, alpha
fetoprotein (AFP), and abdominal ultrasound.
Fibrosis was assessed using the fibrosis-4 index
(FIB-4); FIB-4 values > 3.25 were considered
confirmation of liver cirrhosis. HCV RNA levels
were estimated using a Roche Cobas Ampli
Prep/Cobas TaqMan HCV quantitative test, with
15 IU/mL used as the threshold of detection.
Plasma cytokine levels: interleukin 12 (IL-12) and
CXCL10
were
measured.
Blood
immunophenotyping of total peripheral blood
mononuclear cells (PBMC) was done; NK and its
subtypes were defined with surface expression of
CD56 and CD16.
Treatment regimens
All patients were treated with 400 mg sofosbuvir
once daily plus 60 mg daclatasvir once daily for
12 weeks. For cirrhotic patients, ribavirin was
added in a weight-based dosage (1200 mg if
body weight > 75 kg; 1000 mg if body weight <
75 kg).
Treatment process
During each clinic visit at a monthly interval,
adherence data were collected using pill count,
patient self-report, and questionnaire.
At weeks 4, 8, and 12 of treatment, clinical
evaluation of the patients was performed, and
follow-up laboratory tests (complete blood count,
liver function tests, serum creatinine) were done.
At the end of treatment, NK cell frequency and
subtypes were quantified, and the plasma
cytokine levels (IL-12 and CXCL10) were
measured.

Inclusion criteria

Post-treatment

Age > 18 years; positive PCR for HCV RNA; no
previous history of treatment for HCV and ChildPugh score < 7.

The HCV RNA level was estimated using
quantitative PCR at 12 weeks after end of
treatment. When the HCV RNA level was
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below the detection threshold of 15 IU/ml,
this was considered a sustained virological
response (SVR12), and the patient was
defined as a responder. However, failure to
achieve SVR12 indicated non-response.

On comparing responders to non-responders, an
established significant difference between mean
ages had been observed, being 53.7 ± 7 years in
non-responders, while it was 49.3 ± 11 years in
responders (p = 0.01).

Data analysis

Table 3: SVR12 rates in cirrhotic and non-cirrhotic
groups

Continuous variables were expressed as
medians (Q1 - Q3). Mann Whitney U test was
used for continuous variables comparison, while
Fisher’s exact test was used for discreet
variables comparison. P < 0.05 was considered
statistically significant.
Analysis of data was done using an IBMcompatible computer with the aid of a
statistical software package (IBM SPSS
statistics V23.0).

RESULTS
This study included 200 chronic HCV patients.
Table
1
illustrates
the
pre-treatment
characteristics.
Table 1: Pre-treatment characteristics of the studied
patients
Variable
Age (years)
Sex
Liver status
Diabetes
mellitus

Mean ± SD
Male
Female
Non-cirrhotic
Cirrhotic (Child A)
No
Yes

N (n=200)
49.7±10.97
118
82
135
65
152
48

%
59
41
67.5
32.5
76
24

Table 2 shows the pre-treatment baseline
laboratory values of the included patients.
Table 2: Pre-treatment baseline laboratory values of
the patients
Variable
Hemoglobin (g/dL)
TLC (×103)/µL
Platelet (×103)/µL
Total bilirubin (µmol/L)
Serum albumin (g/dL)
SGPT (IU/L)
SGOT (IU/L)
INR
TLC, total leucocytic count

Mean ± SD
13.3±1.71
6.4±2.15
207.3±92.88
23.3±6.8
4.1±0.54
57.4±42.93
57.5±32.93
1.5±0.22

The efficacy of both treatment regimens, i.e.,
sofosbuvir/daclatasvir for non-cirrhotic patients
and sofosbuvir/daclatasvir/ribavirin for cirrhotic
patients, was determined using the SVR12
(Table 3).

Variable
All patients
Non-cirrhotic
Cirrhotic

N
200
135
65

SVR12
N
185
130
55

%
92.5
96.29
84.61

Non-responders had significantly lower platelet
counts compared to responders as platelet
counts were (171.1 ± 59 × 103/µL vs. 210.4 ± 94
× 103/µL, p = 0.02). Regarding liver status, five
(31.2 %) non-responder patients were noncirrhotic, while 130 (70.6 %) responder patients
were non-cirrhotic; the difference between the
two group was statistically significant (p =
0.0002, Table 4).
Furthermore, pretreatment CXCL10 levels
differed significantly between responders and
non-responders: Responders had lower median
pretreatment CXCL10 (109 pg/mL; range, 88 170 pg/mL) when compared to non-responders
(320 pg/mL; range, 179 - 461 pg/mL) (p < 0.001).
Moreover, a significant difference was found
between pretreatment natural killer frequencies
in responders and non-responders as they were
4.3 %, 7.01 % in responders and non-responders
respectively
(p
=
0.018).
Responders
demonstrated significantly higher frequencies of
the dysfunctional natural killer cells CD56- 16+ (P
= 0.004). At the end of treatment, CXCL10 levels
remained higher in non-responders than in
responders. Furthermore, responders had
decreased frequencies of the CD56- 16+ subset,
which were increased in non-responders;
nevertheless, both frequencies were ~ 4.0 %.
Hence, higher pretreatment CXCL10 levels and
higher baseline NK frequency could be
considered predictive factors for non-response to
DAA treatment. No significant difference was
found for IL-12 levels between responders and
non-responders either pretreatment or at the end
of treatment.

DISCUSSION
In this study, a 12-week sofosbuvir/daclatasvir
combination regimen was used for treating noncirrhotic HCV patients with no past history of
treatment; the treatment for cirrhotic patients also
included ribavirin.
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Table 4: Comparison between responder and non-responder patients
Variable
Age (years)
Sex
Liver status
Diabetes mellitus
Hemoglobin (g/dL)
TLC (×103/µL)
Platelet count (×103/µL)
SGPT (IU/L)
SGOT (IU/L)
HCV RNA

Mean±SD
Male
Female
Non-cirrhotic
Cirrhotic (Child A)
Non-diabetic
Diabetic
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Mean±SD

Responders (N=184)
N
%
49.4±11.14
109
59.23
75
40.76
130
70.65
54
29.34
142
77.1
42
22.8
13.3±1.72
6.5±2.18
210.4±94.66
58.4±44.19
57.5±33.18
1019150.9±
3559000.2

Non-responders (N=16)
N
%
53.8±7.72
9
56.25
7
43.75
5
31.25
11
62.75
10
62.5
6
37.5
12.8±1.63
5.8±1.74
171.2±59.29
45.2±21.94
57.4±30.58
1190846.5±
1846267.7

P-value
0.01
0.63
0.0002
0.17
0.20
0.13
0.02
0.26
0.89
0.15

TLC, total leucocytic count

One hundred and eighty-five (92.5 %) patients
achieved successful eradication of HCV. SVR at
12 weeks after treatment was 96.29 % in noncirrhotic patients and was 84.61 % in cirrhotic
patients. This is in agreement with Fontaine et al,
who found that a high SVR rate could be
achieved when treating patients with HCV
genotype 4 infection using a combination
regimen that included sofosbuvir and daclatasvir
[13]. Their study included 47 such patients.
According to the patients’ pretreatment data and
the regimen used for their therapy, the SVR rate
achieved was 86 - 100 %. The authors also
reported that either extending the treatment
duration to 24 weeks or adding ribavirin for 12
weeks was effective for managing treatmentexperienced and cirrhotic patients [13].
In another study that included more than 18,000
Egyptian HCV patients reported an SVR12 rate
of about 95 %, thus confirmed the effectiveness
of this regimen in treating Egyptian genotype 4
HCV patients [14]. Pol et al also found that more
than 90 % of the studied HCV patients achieved
SVR12, and this denotes the high antiviral
potency of using the sofosbuvir and daclatasvir
combination regimen [15].
Previously, many factors had been considered
predictor factors of non-response while treating
HCV patients using IFN-based regimens. Some
of these factors were host-related, such as old
age, obesity, presence of insulin resistance,
hepatic steatosis, and higher stage of fibrosis,
while other factors were related to HCV itself,
such as genotype and higher viral load [16, 17].
Many studies have investigated HCV viral
resistance as a major cause of failure to achieve
response to DAAs, while only a few studies have
assessed patient-related factors associated with
non-response to DAAs [18].

The results of this study concluded that there
were host-related factors that could predict
failure of achievement of SVR12 when using
sofosbuvir, daclatasvir combination for treatment
of genotype 4 HCV patients in Egypt; these
factors were advanced age, presence of liver
cirrhosis; pretreatment low platelet count and
immunological markers; lower baseline natural
killer frequency and higher pretreatment CXCL10
serum level. This could be explained by the fact
that assumes that the majority of patients with
liver cirrhosis due to HCV infection presented at
older age due to HCV infection need a long
duration to develop liver cirrhosis, also portal
hypertension associated with most cirrhotic
patients could explain low platelet count. This is
in agreement with Ferenci et al, who reported
that the response to DAAs was affected by the
severity of hepatic dysfunction as patients with
Child B or C liver cirrhosis had less response
rates than non-cirrhotic or Child A liver cirrhosis
patients [19]. With regard to age, most of clinical
trials excluded elderly patients, however few
studies reported little differences between elderly
and younger patients in SVR rates [20].
In agreement with Childs et al, there was an
association
between
higher
pretreatment
CXCL10 and non-response [21]. This finding is
also in agreement with Meissner et al, who
suggested that there is a remaining role for IFN
signaling during HCV treatment using DAAs [22].
The findings that higher CXCL10 levels in nonresponders at the end of treatment are also in
agreement with that of Childs et al [21]. This may
denote innate immune system activity towards
the residual low level of HCV viremia that
precedes the evolution of overt virological
relapse. With regard to NK cell phenotype,
responder patients had a higher percentage of
CD56- CD16+ NK cells; this is concordant with
the results reported by Child et al [21]. However,
Trop J Pharm Res, September 2020; 19(9): 2018
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this finding was unexpected, as this subgroup of
NK cells is extremely dysfunctional.

and reproduction in any medium, provided the
original work is properly credited.

Limitations of the study

REFERENCES

Patients with Child B and C liver cirrhosis were
not enrolled, although they might be more
susceptible to failure of response to DAAs. Also,
we evaluated the peripheral immune response
without assessing the intrahepatic immune
response, although peripheral NK frequency and
phenotype may not reflect intrahepatic NK
populations. Other variable cytokines and
immune cells should be further investigated.

1. Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST.
Global epidemiology of hepatitis C virus infection: new
estimates

of

age-specific

antibody

to

HCV

seroprevalence. Hepatology 2013; 57(4): 1333-1342.
2. Abd-Elsalam S, Sharaf-Eldin M, Soliman S, Elfert A,
Badawi R, Ahmad YK. Efficacy and safety of sofosbuvir
plus ribavirin for treatment of cirrhotic patients with
genotype 4 hepatitis C virus in real-life clinical practice.
Arch Virol 2018; 163(1): 51-56.

CONCLUSION
The results of this study demonstrate that the
administration of a combination of sofosbuvir and
daclatasvir with or without ribavirin for 12 weeks
seems to be effective in treating Egyptian
patients with HCV genotype 4 infection, with high
SVR rates. Other valuable findings are that the
predictor factors of response to DAA treatment
are advanced age, low pretreatment platelet
count, high pretreatment serum CXCL10 level,
and low baseline frequency of the dysfunctional
CD56- 16+ NK subset. Thus, all these factors
should be considered prior to the initiation of a
sofosbuvir/daclatasvir
regimen.
Large-scale
studies for evaluating the efficacy of this
treatment regimen in treatment-experienced and
decompensated liver cirrhosis patients are
recommended.

DECLARATIONS
Conflict of interest
No conflict of interest is associated with this
work.
Contribution of authors
We declare that this work was done by the
authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by the authors.
Open Access
This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,

3. Sulkowski MS, Gardiner DF, Rodriguez-Torres M, Reddy
KR, Hassanein T, Jacobson I, Lawitz E, Lok AS,
Hinestrosa F, Thuluvath PJ, et al. Daclatasvir plus
sofosbuvir for previously treated or untreated chronic
HCV infection. N Engl J Med 2014; 370 (3): 211-221.
4. Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier
C, Mal F, Christidis C, Ziol M, Poulet B, Kazemi F, et al.
Transient elastography: a new noninvasive method for
assessment of hepatic fibrosis. Ultrasound Med Biol
2003; 29(12): 1705-1713.
5. Mira JA, García-Rey S, Rivero A, de los Santos-Gil I,
López-Cortés LF, Girón-González JA, Téllez F, Márquez
M, Merino D, Ríos-Villegas MJ, et al. Response to
pegylated interferon plus ribavirin among HIV/hepatitis C
virus-coinfected

patients

with

compensated

liver

cirrhosis. Clin Infect Dis 2012; 55(12): 1719-1726.
6. Curry MP, O'Leary JG, Bzowej N, Muir AJ, Korenblat KM,
Fenkel JM, Reddy KR, Lawitz E, Flamm SL, Schiano T,
et al. Sofosbuvir and Velpatasvir for HCV in Patients
with Decompensated Cirrhosis. N Engl J Med 2015;
373(27): 2618-2628.
7. Björkström NK, Ljunggren HG, Sandberg JK. CD56
negative NK cells: origin, function, and role in chronic
viral disease. Trends Immunol 2010; 31(11): 401-406.
8. Poordad F, Schiff ER, Vierling JM, Landis C, Fontana RJ,
Yang R, McPhee F, Hughes EA, Noviello S, Swenson
ES. Daclatasvir with sofosbuvir and ribavirin for hepatitis
C virus infection with advanced cirrhosis or post-liver
transplantation recurrence. Hepatology 2016; 63(5):
1493-1505.
9. Golden-Mason

L,

Rosen

HR.

Natural

killer cells:

multifaceted players with key roles in hepatitis C
immunity. Immunol Rev 2013; 255(1): 68-81.
10. Sarasin-Filipowicz M, Oakeley EJ, Duong FH, Christen V,
Terracciano L, Filipowicz W, Heim MH. Interferon
signaling and treatment outcome in chronic hepatitis C.
Proc Natl Acad Sci U S A 2008; 105(19): 7034-7039.
11. Oliviero B, Mele D, Degasperi E, Aghemo A, Cremonesi
E, Rumi MG, Tinelli C, Varchetta S, Mantovani S,
Colombo M, et al. Natural killer cell dynamic profile is
associated with treatment outcome in patients with
chronic HCV infection. J Hepatol 2013; 59(1): 38-44.
12. General Assembly of the World Medical Association.
World Medical Association Declaration of Helsinki:

Trop J Pharm Res, September 2020; 19(9): 2019

Solima et al

ethical principles for medical research involving human

17. Manns MP, Wedemeyer H, Cornberg M. Treating viral
hepatitis C: efficacy, side effects, and complications. Gut

subjects. J Am Coll Dent. 2014;81(3):14-18.
13. Fontaine H, Hezode C, Zoulim F, Samuel D, Bourliere M,

2006; 55(9): 1350-1359.

Haour G, Dorival C, Leroy V, Ledinghen V, Lucier S, et

18. Wyles D, Dvory-Sobol H, Svarovskaia ES, Doehle BP,

al. Efficacy of the oral sofosbuvir based combinations in

Martin R, Afdhal NH, Kowdley KV, Lawitz E, Brainard

HCV genotype 4-monoinfected patients from the French

DM, Miller MD, et al. Post-treatment resistance analysis

observational cohort ANRS CO22 Hepather. Abstract

of hepatitis C virus from phase II and III clinical trials of

LP28 presented at: 50th Annual Meeting of European
Association for the Study of the Liver; April 22–26, 2015;

ledipasvir/sofosbuvir. J Hepatol 2017; 66(4): 703-710.
19. Ferenci P, Kozbial K, Mandorfer M, Hofer H. HCV
targeting of patients with cirrhosis. J Hepatol 2015;

Vienna, Austria.
14. Omar H, El Akel W, Elbaz T, El Kassas M, Elsaeed K, El

63(4): 1015-1022.

Shazly H, Said M, Yousif M, Gomaa AA, Nasr A, et al.

20. Reid M, Price JC, Tien PC. Hepatitis C Virus Infection in

Generic daclatasvir plus sofosbuvir, with or without

the Older Patient. Infect Dis Clin North Am 2017; 31(4):

ribavirin, in treatment of chronic hepatitis C: real-world
results from 18 378 patients in Egypt. Aliment

827-838.
21. Childs K, Merritt E, Considine A, Sanchez-Fueyo A,
Agarwal K, Martinez-Llordella M, Carey I. Immunological

Pharmacol Ther 2018; 47(3): 421-431.
15. Pol S, Corouge M, Vallet-Pichard A. Daclatasvir-

Predictors of Nonresponse to Directly Acting Antiviral

sofosbuvir combination therapy with or without ribavirin

Therapy in Patients With Chronic Hepatitis C and

for hepatitis C virus infection: from the clinical trials to

Decompensated Cirrhosis. Open Forum Infect Dis 2017;
4(2): ofx067.

real life. Hepat Med 2016; 8: 21-26.
16. Afdhal NH, McHutchison JG, Zeuzem S, Mangia A,

22. Meissner EG, Wu D, Osinusi A, Bon D, Virtaneva K,

Pawlotsky JM, Murray JS, Shianna KV, Tanaka Y,

Sturdevant D, Porcella S, Wang H, Herrmann E,

Thomas

C

McHutchison J, et al. Endogenous intrahepatic IFNs and

pharmacogenetics: state of the art in 2010. Hepatology

association with IFN-free HCV treatment outcome. J

2011; 53(1): 336-345.

Clin Invest 2014; 124(8): 3352-3363.

DL,

Booth

DR,

et

al.

Hepatitis

Trop J Pharm Res, September 2020; 19(9): 2020

