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Abstract

Background: Hepatitis C Virus infects about 185 million
people equating 2.8% of worldwide population and about
500,000 people die annually from hepatitis C related liver
diseases. The most common clinical presentation of the disease
is the chronic hepatitis and its complications such as: Com-
pensated cirrhosis, portal hypertension, decompensated cir-
rhosis and Hepatocellular Carcinoma (HCC). Therapeutic
management of chronic HCV patients traditionally depended
on combination of peg-interferon (IFN) with ribavirin but
this regimen showed many serious side effects beside its non-
satisfactory efficacy. In 2013, a second generation of Direct
Acting Antiviral Agents (DAAs) gave a promising efficacy
and safety. Although many IFN free regimens were approved,
further evaluations are needed for these regimens.

Aim: To compare sofosbuvir in combination with Da-
clatasvir, Ledipasvir and Simeprevir in patients with chronic
hepatitis C infection according to safety, efficacy, relapse and
patient outcomes.

Patients and Methods: This is a prospective study con-
ducted on 150 patients of chronic HCV who were admitted
to the Viral Hepatitis Center in Al-Ahrar Educational Hospital
in Zagazig {National Committee for the Control of Viral
Hepatitis (NCCVH) during the first 9 months of 2017 and
were selected according to the inclusion and exclusion criteria
set by the (NCCVH). 58% of overall participants had cirrhosis
and 2.7% were treatment-experienced. Patients were assigned
into three groups: 50 patients received Sofosbuvir + Daclatasvir
£ Ribavirin (SOF/DCV £ RBYV) therapy, 50 patients received
Sofosbuvir + Ledipasvir £ Ribavirin (SOF/LDV * RBV)
therapy and 50 patients received Sofosbuvir + Simeprevir £
Ribavirin (SOF/SIMERBYV) therapy. Three regimens were
given for 12 weeks. Primary end point was the rate of achieving
SVR12 by HCV RNA PCR, while secondary end point was
the occurrence of virologic relapse.

Results: The SVR rate of three groups was 98%, 100%
and 100% for SOF/DCV, SOF/LDV and SOF/SIM groups
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respectively. Only one patient had a virological failure and
he was in SOF/DCV group but these results showed no

statistical significance. Virological relapse occurred in only

1 patients (.67%) of the 149 patients. The patient who showed
virological failure wasn't included, while the only one patient

relapsed (2%) was in SOF/SIM therapy group. Results of
virological relapse were statistically not significant. RVR

showed a predictive value in SVR achievement and relapse

occurrence was also confirmed in our study, in SVR (p=>.05)

and in relapse (p=.9). Adverse events occurred in (22%) of
SOF/DCV group, (26%) of SOF/LDV group and (40%) of
SOF/SIM group (p=.153), thus SOF/SIM therapy showed a
higher incidence of adverse events occurrence.

Conclusions: Sofosbuvir based antiviral combination
therapy with (DCV, LDV and SIM) showed a highly safety,
tolerability and efficacy for treatment of chronic Hepatitis C
Virus.

Key Words: Hepatitis virus C — Therapy — Efficacy — Safety
— Direct acting antivirals — Sofosbuvir — Da-
clatasvir — Ledipasvir — Simeprevir.

Introduction

HEPATITIS C Virus infection is a globally en-
demic disease infecting about 185 million people
equating 2.8% of worldwide population [1]. About
500,000 people die annually from hepatitis-c related
liver diseases [2]. Africa and specifically Egypt

Abbreviations:

HCV  : Hepatitis C Virus.

DAAs : Direct Acting Antiviral agents.

RVR  :Rapid Virologic Response.

SVR  : Sustained Virologic Response.

SVRI12 : Sustained Virologic Response 12 weeks after
therapy completion.

FDA  : The Food and Drug Administration.

AASLD : American Association for the Study of Liver
Diseases.

EASL : European Association for the Study of the Liver.
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had the highest prevalence but the prevalence in
Egypt declined to be 10% of the population who
had positive HCV antibody and 7% who had pos-
itive HCV-RNA [3]. The disease commonly presents
as asymptomatic chronic infection or with its
complications. Morbidity and mortality are high
as aresult of complicationsincluding: Bleeding
varices, hepatic encephal opathy, ascites, hepatore-

nal syndrome, portopulmonary hypertension and
any of these complications can be thefirst clinical
presentation of the disease [4] . Therapeutic man-
agement of chronic HCV patients traditionally
depended on combination of peginterferon with
ribavirin but this regimen showed many side effect
the most serious of them are hematological abnor-
malities [5], beside low efficacy of this combination
especially in genotypes 1 and 4 of the virus (SVR
rates 40-50%) [6] . In 2013, a second generation of
DAAsgave apromising better efficacy and safety.

Their development was depended on understanding
the essential functions of encoded nonstructural

viral proteinsin HCV life cycle and these proteins
became the targets of the new DAAS action and
thus inhibit the viral replication cycle [77. Many
IFN free regimens were approved, but further
studies were needed to evaluate their safety and
efficacy on different HCV genotypes.

The aim: To compare sofosbuvir in combination
with Daclatasvir, Ledipasvir and Simpervir in
patients with chronic hepatitis C infection according
to safety, efficacy, relapse and patient outcomes.

Patients and M ethods

Thisis a prospective study was conducted on
150 patients of chronic HCV who were admitted
to the Viral Hepatitis center in thisis a prospective
study conducted on 150 patients of chronic HCV
who were admitted to the Viral Hepatitis Center
in Alahrar Educational Hospital in Zagazig { Na-
tional Committee for the Control of Viral Hepatitis
(NCCVH)} during the first 9 months of 2017 and
were selected according to the inclusion and ex-
clusion criteria set by the (NCCVH). Inclusion
criteriaincluded: Age: 18-70 years, HCV RNA
positivity, any BMI, treatment naive or treatment
experienced.

Exclusion criteria: Patients with classB or C
of Child-Turcotte-Pugh classification, platelet count
<50000/mm?, total serum Bilirubin >3mg, Serum
Albumin <2.8g/dl, INR >1.7, serum creatinine
22.5mg\dl, and pregnancy or inability to use effec-
tive contraception.

Sudy design:

Patients were classified into three groups: Group
A: Included 50 patients received Sofosuvir 400mg
once daily + Daclatsvir 60mg once daily * Ribavirin
(weight based; 1200mg if 275K g or 1000mg if
<75Kg of bodyweight) for 12 weeks. Group B:
Included 50 patients received Sofosuvir 400mg
once daily + Ledibasvir 90mg once daily * Riba-
virin (weight based; 1200mg if 275K g or 1000mg
if <75Kg of bodyweight) for 12 weeks. Group C:
Included 50 patients received: Sofosbuvir 400mg
once daily + Simeprevir 150mg once daily * Rib-
avirin (weight based; 1200mg if 275K g or 1000mg
if <75Kg of bodyweight) for 12 weeks. All patients
were informed about the study protocol and in-
formed written consents were obtained from them.
The protocol was evaluated and approved by Ethical
Committee of Benha Faculty of Medicine.

Efficacy assessment:

Was done through sustained virologic response
(SVR 12) (defined as undetectable HCV RNA
levels 12 weeks after therapy completion) and
occurrence of virologic relapse (defined as HCV -
RNA concentration greater than 161U at any time
of post treatment follow-up period after documen-
tation of HCV-RNA level of less 161U in serum
sample at end of treatment) [8].

Safety assessment:

Side effects of the drugs and the results of
standard laboratory testing were performed and
registered at each visit during treatment and during
follow-up periods after therapy completion includ-
ing weeks 0, 2, 4, 8 and 12 and post-treatment
weeks 4, 12 [9].

Clinical end points:

Primary end point was the rate of achieving
SVR. Secondary clinical end point of efficacy was
the rate of treatment failure at specified time points
during and after treatment. Safety end pointsin-
clude: The frequency of adverse events and its
severity, the safety of treatment according to the
standard follow-up laboratory tests and treatment
discontinuation due to severe adverse events.

Satistical methods:

Data were analyzed using the Statistical Package
for Social Sciences (SPSS Ver.20 Chicago, IL,
USA). Thedistributions of quantitative variables
were tested for normality using Kolmogorov-
Smirnov test. Normally distributed data was de-
scribed using mean and standard deviation, while
data was described using median and range. Qual-
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itative data were described using number and
percent. Comparing quantitative normally distrib-
uted variables repeated >2 times was conducted
using repeated ANOV A test followed by post hoc
test. If results were significant. Comparing quan-

titative not normally distributed variables repeated
>2 times was conducted using Friedman ANOVA

test. Independent sample t-test was used to compare
quantitative data between the 3 groups. Pearson
Chi square used to compare 2 X 2 categorical

variables. Fisher's Exact test is used if >20% of
cells had expected cell count lessthan 5. In >2 X

2 table we used Monte Carlo significance test if
>20% of cells had expected cell count less than 5.

Logistic regression model was used for prediction

of virological response. Important significant pre-

dictors by univariate analysis were entered in the
model. Mcnemar test was used when there was a
significant difference between proportionsin 2

paired variables. In all statistical tests, level of
significance of 0.05 is used, below which the results
considered to be statistically significant.

Results

Regarding efficacy assessment, SVR rate of
three groups were (98%, 100% and100%) for (SOF/
DCVzRBV, SOF/LDV+RBV, SOF/SIM+RBYV)
respectively. Only one patient had a virological
failure and he wasin SOF/DCV group. These
results statistically showed no significance ( p >.05)
asshown in (Table 2). The basdline factors includ-
ing (the type of the regimen, patient's sex, patient's
treatment status, the baseline viral load, platelet
count and presence of cirrhosis) were not statisti-
cally significant in predicting SVR. All patientsin
SIM/SOF group, had achieved RVR (50/50) while
it was achieved (49/50) patients of SOF/DCV group
and (49/50) patients of group (p=0.496) as shown
in (Table 2). Previously mentioned baseline factors
showed no statistically significant differencein
RVR. Virological relapse assessment revealed that
relapse occurred in only 1 patient (0.67%) of the
149 patients developed primary response. The only
one patient relapsed with a percentage (2%) of
SIM/SOF group (p>.05) as shown in (Table 2),
none of baseline factors including (the type of the
regimen, patient's sex, patient's treatment status,
the baseline viral load, platelet count and presence
of cirrhosis) was statistically of significancein
predicting the virological relapse.

The overall achievement RVR was found as a
strong predictor for both SVR achievement and
relapse occurrence.
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Regarding safety assessment, results of the
standard follow-up laboratory tests reveaed that
three regimens resulted in improvement in liver
enzymes as the mean in serum ALT was 46.5 +18.8,
40.5+17.5 and 54.6+26.9 and declined after 12
weeks of therapy to 32.1+£7.9, 31.9+ 17 and 29.2+
15.1in SOF/DCV group, SOF/LDV group and
SOF/SMV group respectively (p<.001). In group
SOF/DCV: There was a statistical significant ele-
vation of serum bilirubin but within its normal
range as the mean was 0.77+0.39 and increased at
the 12th week of therapy to 0.87+0.23 (p<0.026),
there was decrease in the level of serum albumin
level as the mean was 4.44+ .36 and declined to
4.21+ .32 after 12 weeks of therapy with statistical
significance (p<0.001), there was decrease of Hb
with statistical significance (p<0.001) and there
was no statistical significant effect of the SOF/DCV
regimen on serum cregtinine level, INR and other
hematological parameters (level of white blood
count and platelets count), while in SOF/LDV
group: There was decrease in the level of serum
albumin as the mean was 4. 19+0.47 and declined
t0 4.08+0.46 after 12 weeks of therapy with statis-
tical significance (p<0.004). There was a significant
decrease in PT with statistical significance (p
<0.001), and There was no statistical significant
effect of the SOF/LDV regimen on serum creatinine
level or the levels of Hb, WBCs, Platel ate, total
bilirubin and INR level, while in SOF/SIM group:
Were statistically significant increased Platelete
count (p<0.001). There was no statistical significant
effect on serum creatinine level or the levels of
Hb, WBC, PT, INR, total bilirubin and serum
albumin. The study showed adverse events occur-
rencein 11 patients (22%) of SOF/DCV group, 13
patients (26%) of SOF/LDV group and 20 patients
(40%) of SOF/SIM group (p=.153). The most
common adverse events occurred in SOF/DCV
group were: Hyperbilirubinemiain 4 patients (8%),
headach in 2 patients (4%), fatigue in 2 patients
(4%), rash in 1 patient (2%), anemiain 1 patient
(2%) and thrombocytopeniain 1 patient (2%).
Regarding SOF/LDV group, the most common
adverse events occurred were: Headach in 4 patients
(8%0), fatigue in 4 patients (8%), anemiain 2 pa-
tients (4%), rash in 2 patients (4%), hyperbiliru-
binemiain 2 patient (4%) and thrombocytopenia
in 1 patient (2%). SOF/SIM group, the most com-
mon adverse events occurred in this group were:
Hyperbilirubinemia in 10 patients (20%), anemia
in 3 patients (6%), rash in 2 patient (4%), renal
impairment in 2 patients (4%), bleeding tendency
in 2 patients (2%), and headach in 1 patient (2%).
In this study the devel oped side effects were not
severe enough to cause treatment discontinuation.
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Table (1): Demographic general history data of the participants.

SOF + DCV SOF + LDV SOF + SIM X p

Age:

(M £ SD) 52.6+9.04 48.2+135 50.2£10.6 1929 0.14
Sex:

Male 27 (54%) 30 (60%) 36 (72%) 3.56 0.16

Femal 23 (46%) 20 (40%) 14 (28%)
BMI:

(M £ SD) 26.3%4.1 27.1+35 27.6x3.7 0.175 083
Traetment status:

Experience 2 (4%) 1 (2%) 1 (2%) 0.51 0.77

Naive 48 (96%0) 49 (98%) 49 (98%)

BMI: Body Mass Index, calculated as weight in kilograms divided by the height in meters

squared.
SOF/DCV: Sofosbuvir, Daclatasvir group.
SOF/LDV: Sofosbuvir, Ledipasvir group.
SOF/SIM: Simeprevir Sofosbuvir group.

Table (2): Efficacy endpoints assessment results.

SOF + DCV SOF + LDV SOF + SIM Test value p

* RVR (rapid virologic response) after 4Ws:
- HCV PCR:

[Positive >15UL/mI] N (%) 1 (2%) 1 (2%) 0 (0%)

[Negative <15UL/mI] N (%) 49 (98%) 49 (98%) 50 (100%) .705 496
- Total patients 50 (100%) 50 (100%0) 50 (100%)
* SVR (sustained virologic response) after 12\Ws:
- HCV PCR:

[Positive >15UL/mI] N (%) 1 (2%) 0 (0%) 0 (0%)

[Negative <15UL/mI] N (%) 49 (98%) 50 (100%) 50 (100%) - FEP=1
- Total patients 50 (100%) 50 (100%0) 50 (100%)
« Virological relapse: Up to 24Ws:
- HCV PCR:

[Positive >15UL/mI] N (%) 0 (0%) 0 (0%) 1 (2%)

[Negative <15UL/mI] N (%) 49 (100%) 50 (100%0) 49 (98%) FEP=.9
- Total patients 49 (100%) 50 (100%0) 50 (100%)

The significant p-value is <0.05. SOF/SIM: Sofosbuvir, Simeprevir group.
SOF/DCV: Sofosbuvir, Daclatasvir group. FEP : Fisher's Exact test p-value.
SOF/LDV: Sofosbuvir, Ledipasvir group.

Table (3): Documented adverse events of each group.

SOF+DCV  SOF+LDV  SOF+SIM

Advers events N (%) N (%) N (%) Total
Anemia 1(2%) 2 (4%) 3 (6%) 6 (4%)
Thrombocytopenia 1(2%) 1(2%) 2 (1.33%)
Fatigue 2 (4%) 4 (8%) 6 (4%)
Skinrash 1(2%) 2 (4%) 3 (2%)
Bleeding tendancy — 2 (4%) 2 (1.33%)
Renal impairment 2 (4%) 2 (1.33%)
Headache 2 (4%) 4 (8%) 1 (2%) 7 (4.66%)
Hyperbiliburinemia 4 (8%) 2 (4%) 10 (20%) 16 (10.66%)

Total 11 (22%) 13 (26%) 20 (40%)

44 (29.33%)
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Discussion

Therapeutic management of chronic HCV pa-
tients traditionally depended on combination of
peg-interferon with ribavirin but this regimen
showed many serious side effects beside its non-
satisfactory efficacy. In 2013, a second generation
of DAAs gave a promising efficacy and safety. In
this study, the combination of Sofosbuvir with
Daclatasvir, Ledipasvir and Simeprevir [SOF/DCV,
SOF/LDV, SOF/SIM] showed a highly rate of
sustained virologic response (SVR; 98%, 100%,
100%) respectively, but with no statistical signif-
icance (p>0.05). Many patients of this study had
characteristics was traditionally known to be asso-
ciated with alower rates of response, as about
38.7% of overal patients had cirrhosis, 2.4% were
previous non responders to PEG-IFN plus ribavirin
(experienced) and the mean of the baseline HCV -
RNA level for all participants was 1.188 X 10°
IU/ml (>400.0001U/ml) [10]. Efficacy in this study
was identical to three buyer's study 616 patients
HCV G1, 2, 3, 4, 5, 6 in sofosbuvir-based regimens
were assessed there was 146 patients treated by
SOF/DCV*RBYV for 12 weeks SVR (98%) and
104 patients treated by SOF/LDV +RBV for 12
weeks SVR (100%) which included naive or expe-
rienced, cirrhotic and non-cirrhotic patients [11].

Results in this study are higher than those
reported by Real-World Single-Center Experience
with Sofosbuvir-Based Regimens on patientsin-
fected by HCV genotype 1 in VirginiaMason
Medical Center which the SVR had cirrhosis. The
SVR rate was 92.2% for SOF/LDV, 87.0% of
SIM/SOF group cirrhotic and non cirrhotic naive
or previous experienced patients to ribavirin plus
PEG-IFN [12] . These differences may be referred
to the difference in the HCV genotypes of both
studies, as the most common HCV genotype prev-
alent in Egypt is genotype 4 of HCV. Additionaly,
some studies revealed that DAAS treatment failure
ishigher in HCV GT1 infected patients than those
of HCV GT4 [16] . The efficacy of SOF/DCV in
this present study SVR (98%) was identical to
Three buyer's club study that was conducted on
146 patients infected with HCV G1, 2, 3,4, 5, 6
naive, (11%) compensated cirrhotic treated by
SOF/DCV£RBYV [11] and A1444040 study that was
conducted on 41 patients infected with HCV, GT1
naive patients [22] and also to ALLY -2 study con-
ducted on 44 patients infected with HCV, GT1
experience patients [28] . In contrary SVR result of
this study was higher than French ATU study SVR
(91%) conducted on 215 patients infected with
HCV, GT4 [27] and ANRS/AFEF HEPATHER study
SVR (92%) that was conducted on 194 patients
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infected with HCV GT1 [30]. The efficacy of SOF/
LDV in this present study SVR (100%) was iden-
tical to NIAID SYNERG study in phase 2 trial was
conducted on 10 patients HCV, GT4 compensated
cirrhotic patients [29] and also to three buyer's club
study that was conducted on 104 patients infected
with HCV G1, 2, 3, 4, 5, 6 naive, non cirrhotic or
compensated cirrhotic treated by SOF/LDV +RBV
[11] and also to Mizakami et al., (2015) study phase
3 that was conducted on 171 patients in Japan
infected with HCV treated with SOF/LED without
ribavirin [26] . In contrary SVR results of this present
study is higher than Abergel et al., (2016) study
SVR (93%) conducted on 44 patients HCV, GT4,
22 patient experience, (23%) compensated cirrhotic

patients treated with SOF/LED without ribavirin
[25] and NIAID SYNERGY study SVR (95%)

which conducted on 21 HCV, GT4, naive or expe-
rience, non cirrhotic or compensated cirrhotic
patients treated without ribavirin [29], and also ION
1 study SVR (99%) which conducted on 214 pa-
tients HCV, GT1 naive patients treated with
SOF/LED with ribavirin [23], also ION 3 study
SVR (95%) which conducted on 216 patients HCV,

GT 1 compensated cirrhotic patients treated with
SOF/LDV without ribavirin [24] and Real-World
Single-Center Experience study SVR (92.2%)
which conducted on 155 patients HCV GT1 without
RBV [12] . Efficacy result of SIM/SOF therapy in
our study (SVR is 100%) was identical to OSIRIS
study that was conducted on 63 patients in Egypt
[17] and also to PLUTO study conducted on 40
patientsin Spain [18] . SVR result of our study was
higher than that of large multicenter observational

real-world experience study conducted on 583
patients infected by HCV G-4 in Egypt (SVR 95%)

[19] . It was also higher than the first 6211 cohort
of Egyptian patients which revealed SVR of 94%
[20] and higher than SV R of another study conduct-
ed on 53 patientsinfected by HCV GT4 in Amster-

dam which was 92% [21] . All studies SOF/SIM
therapy which compared to oursincluded naive,

experienced, cirrhotic and non-cirrhotic patients.

That points of difference between this study and
pervious studies may be due to randomization of
the partici pants numbers and beside the randomi-

zation of HCV genotyping may be referred to
difference in HCV genotyping of all studies, the
most common HCV genotype prevalent in Egypt
isHCV GT4 which was confirmed by many epi-
demiological studies [13-15] but still further more
wide studies needed.

Concerning the safety assessment in our study
in SOF/DCV group, the most common adverse
events occurred in this group were: Hyperbiliru-
binemia (8%), headach (4%), fatigue (4%), rash
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and anemia, adverse evants were not sever enough
to cause treatment discontinuation, in similar studies
such Hill et a., (2017) study and ALLY -2 study
(2015), revealed same adverse events of this study
but with different percentages which mostly are
due to the different number of the participantsin
each study [11,28] . In SOF/LDV group, the most
common adverse events occurred were: Headach
(8%), fatigue (8%), anemia (4%), rash (4%) and
hyperbilirubinemia, in similar studies Mizokami
et al., (2015) & ION 3 study, revesaled same adverse
events of this study but with different percentages
which mostly are due to the different number of
the participants in each study [24,26], Real-World
Single-Center Experience study no skin rash and
anemia, the most prominent side effects were
headache and fatigue [12] . In SIM/SOF group, the
most common adverse events occurred in this group
were: Anemia (6%), rash (4%), myalgia and head-
ach, 10 case got hyperbilirubinemia at week 4 and
8 during therapy course. In similar studies such as
Pearlman et al., 2015 and El-Khayat et al., 2016
were done for assessing the same combination
therapy revealed similar adverse events [9,19].

Finally, inspite of the overall satisfactory re-
sponse of the three regimens studied in our work,
the small number of study population necessitates
extension of thiswork through further larger sized
collaborative studies including larger number of
patients of different stages of liver disease and
comparing other regimens of therapy.

Conclusion:

The 12 weeks regimen of Sofosbuvir base com-
bination therapy (DCV, LDV and SIM) showed a
highly safety, tolerability and efficacy. The RVR
showed a predictive value in SVR12 achievement
and relapse occurrence in Sofosbuvir based antiviral
regimens.
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