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Sofosbuvir and Daclatasvir improve Platelet Factor 4 levels in Chronic Hepatitis
C Patients

ABSTRACT :

Background: Worldwide, more than 170 million persons have hepatitis C virus (HCV)
infection, of whom 71 million have chronic infection. Egypt is the country with the highest HCV
prevalence worldwide—antibody prevalence in Egypt was estimated at 11.9% in a 2018 meta-
analysis with a predominance of genotype 4, so great efforts were directed to study its consequences
and the different lines of treatment of chronic HCV. One of its common sequences is decreased
platelet count and impaired platelet function. DAAs are a new therapeutic line for chronic HCV
infection proved its efficacy and safety. Sofosbuvir-daclatasvir are used in the treatment of
genotype 4 which is common in Egypt and reported some benefits to the patients after completing
treatment such as improvement of platelet count and liver functions.

Objective: In our study, we aimed to evaluate the effect of HCV on platelet function and to
determine whether it is affected after treatment with sofosbuvir-daclatasvir. So we estimated
platelet factor 4 (PF4) which is a platelet derived molecule involved in inflammatory and immune
processes and can be used as an indicator of platelet function in cases of chronic HCV patients
before and after treatment and compare it with healthy controls.

Methods: This study was carried out chronic HCV patients who had been receiving sofosbuvir-
daclatasvir (DAAS) at the Internal Medicine Department at Tanta University Hospital over a period
of 6 months (between February 2020 to August 2020). The study was performed on 25 patients with
chronic HCV infection and 25 normal volunteers as a control group. All patients were subjected to
history taking, examination, investigations (CBC, liver functions, renal functions, pelvi-abdominal
ultrasound, thyroid stimulating hormone(TSH), alpha feto protein (AFP), polymerase chain reaction
(PCR) for hepatitis C virus (HCV) and platelet factor 4 (PF4) by ELISA).

Results: A significant decrease in PF4 was observed in chronic HCV patients which increased after
treatment with sofosbuvir and daclatasvir.

Conclusion: Chronic HCV infection is associated with decreased serum level of PF4 (which is an
indicator of platelet function). After treatment with DAAs , serum level of platelet factor 4
increases. This means that chronic HCV infection is associated with impaired platelet function
which improved after treatment with DAAs.
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INTRODUCTION

Hepatitis C virus (HCV) is a blood-borne virus that cause hepatic inflammation and
cirrhosis and its major routes of transmission include blood transfusion, medical injections and
procedures, and injection drug use (29). Worldwide, more than 170 million persons have hepatitis C
virus (HCV) infection, of whom 71 million have chronic infection(26) . Egypt is the country with
the highest HCV prevalence worldwide—antibody prevalence in Egypt was estimated at 11.9% in a
2018 meta-analysis (27)

HCV-induced inflammatory and immunological phenomena in the liver tissues are assumed
to be directly responsible for invivo platelet activation.?

Accordingly, activated platelets are considered to play a significant role in the pathogenesis
of liver damage by stimulating fibrogenesis and mitogenesis of the liver cells.®

Platelet factor 4 (PF4), also known as chemokine CXCLA4, is released from the alpha-
granules of activated platelets as a complex with a chondroitin sulfate proteoglycan carrier.



It disappears rapidly from plasma as it transfers to higher affinity heparin sulfate on
endothelial cells, inhibiting local antithrombin (AT) activity and thus promoting coagulation.®

Generally, the role of platelets in the pathophysiology of viral diseases, such as
inflammation, vasculogenesis, and tissue repair, might lead to a relatively better understanding of
platelet function disorders in viral liver cirrhosis.©

Several oral DAAs combination regimens for the treatment of genotype 4 HCV were
evaluated in many studies, which reported high SVR rates with few side effects.”"®

Based on a multi-center prospective study, combined sofosbuvir plus daclatasvir with or
without ribavirin for 12-24 weeks appears to have favorable outcomes with high rates of sustained
virologica(lﬁla)response and safety profile in the treatment of Egyptian patients with genotype 4 HCV
infection.

AIM OF THE WORK

The aim of this work was to assess the effect of sofosbuvir plus daclatasvir with or without
ribavirin on PF4 as a marker of platelet activation.

PATIENTS AND METHODS

The study was carried out on 25 patients who were positive for HCV by polymerase chain
reaction (PCR). The patients were recruited from the outpatient clinic and wards of Internal
Medicine Department, Tanta University Hospital between the periods of February 2020 to August
2020. Also, 25 healthy volunteers were enrolled as a control group. An informed written consent
was obtained from all participants in this research. The study was approved by the ethical
committee of Tanta University, Faculty of Medicine (Approval No. 31995/12/17).
The sample size and power analysis was calculated using Epi-Info software statistical package
created by World Health organization and center for Disease Control and Prevention, Atlanta,
Georgia, USA version 2002.
The criteria used for sample size calculation were as follows:
-95% confidence limit
-82% power of the study
The sample size was found at N = 25 patients in each group with total number = 30 patients.

Inclusion criteria: Patients aged > 18 years who were positive for HCV by PCR.

Exclusion criteria: Patients with any of the following were excluded from the study: other
types of hepatitis (e.g HBV or autoimmune hepatitis), platelet count < 100x10° cell/mm?, Child -
Pugh score B and C, renal impairment (serum creatinine >2.5 mg/dL or estimated glomerular
filtration rate <30 mL/min/1.73 m?), hepatocellular carcinoma, thyroid disease, elevated serum level
of alpha-feto protein, or patients receiving antiplatelet drugs e.g. aspirin, clopidogrel. Pregnant
females were also excluded.

Methods:

All the participants have been subjected to: Full history taking, thorough clinical
examination, laboratory tests e.g: complete blood count (CBC). PCR for HCV before treatment and
the end of treatment, aspartate aminotransferase (AST), alanine aminotransferase (ALT), serum
albumin, serum bilirubin, International normalized ratio (INR), Alpha-feto protein, blood urea,
serum creatinine, TSH and PF4 by ELISA (we used a double sandwich ELISA to assay the chroma
of color and the concentration of PF4 of the sample were positively correlated. Name of the Kit:
Human(PF4) ELISA kit, catalogueNo.: 201-12-1157, , company: Sunred, country of origin: China,
reference value: 4-240 ng/ml, sensitivity: 5.427ng/ml , assay range: 6—-300ng/ml. Pelvi-abdominal
ultrasound was performed to determine the state of the liver.

Treatment regimens



All the recruited patients were non-cirrhotic and treatment-naive patients, they were treated
with Sofosbuvir which is a nucleotide analogue that acts as an HCV NS5B polymerase inhibitor and
daclatasvir which is an HCV NS5A replication complex inhibitor. Both drugs achieved high
efficacy and safety in genotype 1, 2, 3 and 4 when administered orally once daily in a dose of 60 mg
and 400 mg, respectively for 12 weeks® © "8 919-Rjbavirin was not added to the treatment protocol
as none of the patients were cirrhotic nor treatment-experienced. Treatment duration was extended
for 3 months after which PCR for HCV was repeated to evaluate response.

Follow up of the patients

Follow-up HCV RNA by PCR was done at week 4 and at 3 months (the end of therapy),
while PF4 was assessed before the beginning of treatment and another reading at the end of
treatment.

Statistical analysis of the data

Data were fed to the computer and analyzed using IBM SPSS software package version 22
(Armonk, NY: IBM Corp) Qualitative data were described using number and percent. The
Kolmogorov-Smirnov test was used to verify the normality of distribution. Quantitative data were
described using range (minimum and maximum), mean and standard deviation. The significance of
the obtained results was judged at the 5% level. The following tests were performed: ANOVA test
was used for comparison among more than two means in quantitative data, Chi-square was used to
compare qualitative parameters. The correlation between PF4 and some prognostic markers was
performed using the Pearson correlation test. Receiver Operating Characteristic (ROC) curve was
used for the assessment of sensitivity, specificity and best cutoff value for PF4. Univariate and
multivariate analysis were estimated using Cox proportional hazard regression analysis.

RESULTS

Our study was conducted on 25 chronic HCV patients receiving direct acting antiviral drugs
(sofosbuvir-daclatasvir) for 12 weeks at Tanta University Hospital and 25 normal control subjects.

For demographic data our study population included 25 chronic HCV cases, 14 females and
11 males. Age of patients was in the range of 29 to 82 years and 25 normal control subjects, 15
males and 10 females. Age of the controls was in the range of 20 — 72 years. Table (1).

When we studied the laboratory parameters, there was a significant decrease of Hb level in
patients after receiving treatment compared to the control group and patients before receiving
treatment (P2=0.001, P3=0.001 respectively), while there was no significant difference in the
following parameters: platelet count, TLC, ALT, AST, Bilirubin, aloumin and INR in the control
group when compared to patients before and after receiving treatment. As for PF4, it was
significantly lower in HCV patients before receiving treatment when compared to the control group
(P1 = 0.001). After treatment, PF4 increased significantly when compared to pre-treatment levels
(P3 = 0.001). But there was no significant difference in PF4 in HCV patients after receiving
treatment when compared to the control group (P2 =0.627) Table (2).

Negative significant correlation was observed between PF4 before treatment with age, ALT
and PCR for HCV (P = 0.048, 0.045, 0.001 respectively). On the other hand, there was no
significant correlation between PF4 before treatment and remaining studied laboratory parameters
including Hb level, platelet count, TLC, AST, serum bilirubin, serum albumin and INR. After
treatment, no significant correlation was observed between serum PF4 after treatment and any of
the studied parameters Table (3).

Univariate analysis revealed that age, ALT and PCR for HCV were the most important
effectors on PF4 (P = 0.037, 0.025, 0.001, respectively) while in multivariate analysis only PCR
was the independent factor affecting PF4 (P = 0.015) Table (4).
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On performing ROC curve analysis, the best cutoff value of PF4 was 120 (1U/nm?), with
84%sensitivity and 60%specificity Table (5), Figure (1).

Parameter Control HCV+ve before TTT | HCV+ve after TTT | F. test | p. value

P1=0.778
Hb (gm/d) 13.06+1.29 |13.16+1.20 11.65 + 1.12 Po= 0,001

Table (1): Demographic data of participants and presence of chronic diseases.

Parameter Cases Control Test P value
Male (%) 11 (44%) 15 (60%) 2.

Sex Female (%) | 14 (56%) 10 (40%) X 1279 0.258

Age (years) Mean+ SD | 49.36 + 12.2 45.7+10.2 T:1.147 0.256
Diabetes Mellitus Yes/ No 0/25 0/25 — —

Hypertension Yes /No 2/23 0/25 2.079 0.149
Cardiac diseases Yes /No 0/25 0/25 — —
Thyroid diseases Yes/ No 0/25 0/25 — —
Cirrhosis Yes /No 0/25 0/25 — —

Table (2): Comparison between some laboratory parameters in controls and patients (before and
after receiving treatment)




P3=0.001*

PLT (x103mm®)

251.63+ 74.35

265.48 + 80.39

277.96 £+ 85.96

0.961

0.402

P1=10.530
P2=0.310
P3=0.598

WBCs
(x103/mm3)

6.94+1.99

6.98 + 2.02

7.30+2.09

0.526

0.684

P1=0.937
P2=0.526
P3=0.528

ALT (unit /1)

24.53+6.39

22.48 £6.90

22.56 £ 7.73

0.638

0.497

P1=0.281
P2=0.332
P3=0.969

AST (unit /1)

28.61 +£7.93

27.12 +£8.04

29.28 £9.08

0.597

0.524

P1=0.513
P2=0.782
P3=0.378

Bilirubin
(gm/dl)

0.86 +0.16

0.90+0.19

0.94+0.18

0.743

0.297

P1=0.425
P2=0.114
P3=0.414

Albumin (mg/dl)

413+041

4.09+0.45

4.06 +0.38

0.532

0.625

P1=0.744
P2=0.534
P3=0.786

INR

1.07 £0.07

1.04 £0.08

1.02£0.07

1.012

0.236

P1=0.165
P2=0.162
P3=0.970

Urea (mg/dl)

25.13%6.29

26.52 +£7.96

24.96 £ 7.08

0.532

0.618

P1=0.49
P2=0.92
P3=0.46

Creatinine
(mg/dl)

0.96 +0.20

1.02+0.21

1.3+0.20

1.117

0.298

P1=0.30
P2=0.16
P3=0.78

PF4 (ng/ml)

195.8 + 66.79

111+ 54.2

186.75+ 64.03

10.33

0.001*

P1=0.001*
P2=0.627
P3=0.001*

P1: P-value between the control group and positive HCV cases before receiving treatment.

P2: P-value between the control group and positive HCV cases after receiving treatment.
P3: P-value between Positive HCV cases before and after receiving treatment.

Hb: Heamoglobin, PIt. Platelets, WBCs: white blood cells.
*: statistically significant at p < 0.05



Table (3): Correlation between PF4 in HCV patients before and after receiving treatment with age
and other laboratory data.

Before treatment After treatment
PLT factor 4 R P R P
Age -0.396 0.048* 0.353 0.083
Hb -0.309 0.133 -0.292 0.157
Plt 0.103 0.625 -0.172 0.411
WBCs -0.244 0.239 0.035 0.869
ALT -0.397 0.045* 0.205 0.326
AST 0.218 0.295 0.229 0.272
Bilirubin -0.016 0.939 -0.244 0.240
Albumin -0.067 0.750 -0.016 0.941
I.LN.R 0.191 0.360 0.018 0.931
Urea 0.062 0.768 0.053 0.802
Creatinine 0.184 0.378 0.087 0.680
PCR -0.627 0.001*

r: Spearman coefficient

*. Statistically significant at p < 0.05
Hb: Hemoglobin, PIt: Platelets, WBCs: white blood cells, ALT: alanine aminotransferase. AST:
aspartate aminotransferase. INR: international normalized ratio, PCR: Polymerase chain reaction.

Table (4): Univariate and multivariate analysis of Age and other laboratory parameters.

Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value
Age 1.954 (1.201 — 6.352) 0.037* 2.951 (0.589 — 8.561) 0.129
Hb 0.632 (0.185 — 4.326) 0.109
Plt 0.715 (0.352 — 3.265) 0.328
WBCs 0.857 (0.268 — 8.521) 0.218
ALT 2.634 (1.854 — 9.852) 0.025* 1.529 (0.267 — 4.526) 0.095
AST 1.302 (0.824 — 4.329) 0.367
Bilirubin 0.324 (0.109 — 2.638) 0.542
Albumin 1,965 (0.589 — 3.634) 0.297
I.N.R 2.521 (0.749 — 9.327) 0.197
Urea 0.697 (0.198 —8.521) 0.362
Creatinine 0.559 (0.052-12.305) 0.281
PCR 3.652 (2.318 — 8.564) 0.001* 1.643 (1.109 — 5.631) 0.015*

Hb: Hemoglobin, Plt: Platelets, WBCs: white blood cells, ALT: alanine aminotransferase. AST:
aspartate aminotransferase. INR: international normalized ratio, PCR: Polymerase chain reaction.
*: Statistically significant at p < 0.05




Table (5): Receiver Operating characteristics curve (ROC curve) for PF4 as an indicator of platelet
function in HCV patients.

Cutoff | AUC | Sensitivity | Specificity | PPV | NPV | Accuracy | P value

PLT factor 4 120 0.818 84 60 68 79 72 0.001*

AUC: area under the curve. NPV: negative predictive value. PPV: positive predictive value.

PF4

1.00

Sensitivity

0.00
0.00 35 50 75 1.00

1 - Specificity

Figure (1): Receiver Operating characteristics curve (ROC curve) for PF4 as an indicator of platelet
function in HCV patients.

DISCUSSION

Globally, HCV is a leading cause of liver cirrhosis and hepatocellular carcinoma. It affects
180 million people worldwide; about 3% of the world population. Egypt has the highest prevalence
of HCV. The number of annual new infection is about 150 000. Genotype 4 is the predominant
genotype in Egypt; as it represents 90% of infected Egyptians.®

In 2011, the emergence of Directly Acting Antivirals (DAAS), represented a major advance
in the treatment of HCV." These drugs targeted the viral proteins implicated in viral replication.
Among DAA drugs, sofosbuvir and daclatasvir showed promising efficacy and may even bring
some unexpected benefits to the patients such as improvement of liver functions, platelet count,
child-pugh score in some cases.®

Sofosbuvir is a nucleotide analogue which is an HCV NS5B polymerase inhibitor and
daclatasvir is an HCV NS5A replication complex inhibitor. Both drugs achieved high efficacy and
safety in genotype 1, 2, 3 and 4 when administered orally once daily in a dose of 60 mg and
400 mg, respectively for 12 or 24 weeks® 5 78910

Patients with chronic HCV infection are known to have acquired platelet dysfunction, which
is proposed to be implicated in the development of variceal bleeding which is a major cause of
morbidity and mortality in chronic HCV patients . Several steps of platelet activation were shown
to be impaired, attributed to both intrinsic and extrinsic defects resulting in platelet hypofunction;
however, the underlying mechanisms remain speculative ‘%,

Recent analysis of the secreted platelet proteom, upon platelet activation, has detected
numerous chemokines including ligand 4 (CXCL4) known as Platelet factor 4 which was used as an
indicator of platelet function in previous studies.

Our study was conducted on 25 chronic HCV patients receiving direct acting antiviral drugs
(sofosbuvir-daclatasvir) for 12 weeks at Tanta University Hospital and 25 normal control subjects.

For demographic data our study population included 25 chronic HCV cases, 14 females and
11 males. Age of patients was in the range of 29 to 82 years and 25 normal control subjects, 15
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males and 10 females. Age of the controls was in the range of 20 — 72 years. In our study HCV
infection affects different age groups and this was in agreement with (EI-Ghitany et al, 2019) *?
who reported that HCV infection affects different age groups but its prevalence increases
dramatically with age. In our study, there was female predominance with a percentage of 56% in
contrast to (EI-Ghitany et al, 2019) 2 that reported male predominance with a percentage of 54.5%
from total number of 1625 HCV antibody +ve patients.

In our study, there were no diabetic, cardiac, thyroid or cirrhotic patients. There were 2
hypertensive patients in +ve HCV cases. In normal control subjects they were free from any chronic
disease.

There was an insignificant difference between our normal control subjects and +ve HCV
cases for laboratory data while other studies reported increased levels of AST, ALT, bilirubin, INR
and decreased albumin level in +ve HCV cirrhotic patients when compared to normal control
subjects such as (Elsharkawy et al. 2017)*® & (Mohamed et al. 2021)** and this may be due to
involvement of larger number of positive HCV cases in these studies and involvement of many
cirrhotic patients ( Child B,C) among these cases, while in our study the included cases were all
non-cirrhotic.

When we assessed the effect of sofosbuvir and daclatasvir on different laboratory data we
found a significant decrease of Hb level after treatment with sofosbuvir and daclatasvir and when
compared to normal control subjects. This was in agreement with (Abdel-Aziz et al. 2021) @,
(Elsharkawy et al. 2017 ) ™, (Emilio et al, 2018) “® and (Haiyan et al, 2020) *” . Meanwhile, there
was an insig;nificant difference of platelet count after receiving treatment in contrast to (Abdel-Aziz
et al. 2021 ¥ (Soliman et al, 2021) “® & (Elsharkawy et al. 2017) ®® who documented an
increased platelet count after receiving treatment. In our study there was no significant change of
other studied laboratory data i.e. TLC, ALT, AST, bilirubin, albumin, and INR after receiving
treatment. Meanwhile, other studies as (Abdel-Aziz et al. 2021) @ reported increased levels of
serum bilirubin after treatment with sofosbuvir and daclatasvir. Also (Elsharkawy et al. 2017) ¢
documented that there was a rise in bilirubin and INR after treatment. In contrast, (Deterding et al.
2021) ® documented that there was a significant improvement of liver functions i.e AST, ALT,
bilirubin, albumin and INR after treatment with sofosbuvir and daclatasvir. (Mohamed et al.
2021)™ as well, reported improved liver functions after sofosbuvir-daclatasvir treatment. This may
be due to involvement of larger number of cases in this study and presence of cirrhotic patients
among these cases.

Several studies reported the efficacy of DAAs with sustained virological response in the
majority of cases. (Ali et al. 2021)® reported that more than 96.3 % of cases achieved SVR 12
weeks after treatment with sofosbuvir and daclatasvir. (Ahmed et al. 2021)® reported that 96%
have achieved SVR 12 weeks after treatment with sofosbuvir and daclatasvir. Also (Elsharkawy et
al. 2017)™ reported 93.4% had achieved SVR after treatment. This was in agreement with our
study which denoted that 100% of cases had achieved SVR 12 weeks after receiving treatment.

In our study, we used PF4 as an indicator of platelet function and we observed that there was
a significant decrease in serum levels of PF4 in cases of chronic HCV infection before receiving
treatment when compared to normal control subjects (P = 0.001). There is limited number of studies
that assess the effect of chronic HCV infection on PF4 such as (El-Bassiouni et al., 2015) ®® which
reported that PF4 increases as a marker of platelets activation in chronic HCV patients presented
with hematemesis, (Drescher et al. 2021) reported that PF4 significantly decreased in patients and
mice with acute liver injury. Other studies such as (Sirvastava et al, 2008)®® documented increased
levels of PF4 in other infections as an inflammatory mediator e.g. Experimental cerebral malaria.
Also, (Ojha et al, 2019)® reported an increased levels of PF4 in dengue and Japanese encephalitis
virus infection in which PF4 promotes rapid replication and propagation of the virus. (Nielsen et al.
2021)®) reported platelet dysfunction with HCV infection using a multiple Platelet function
Analyzer, assessing aggregation after stimulation with adenosine diphosphate test (ADP test),
arachidonic acid (ASPI test), ristocetin in high concentration (RISTO test), and thrombin receptor



agonist peptide (TRAP test). Also, (Ghozlan et al. 2014)™ reported platelet hypofunction (using
platelet function analyzer-100) in chronic HCV cases compared to normal control subjects.

Also, we noticed a significant increase in PF4 after receiving treatment with sofosbuvir and
daclatasvir (P = 0.001). There are no previous studies to assess the effect of sofosbuvir and
daclatasvir on PF4. But, (Nielsen et al, 2021)® reported improvement of platelet functions after
receiving treatment with DAAs including sofosbuvir and daclatasvir regimen.

We assessed the effect of several factors on PF4 in +ve HCV cases and we found that there
were some factors (Age, ALT and PCR for HCV) having a negative significant relationship with the
value of PF4 in cases of HCV before receiving treatment (P = 0.048, 0.045, 0.001 respectively).
Univariate analysis of the studied parameters revealed that the same 3 factors (age, ALT and PCR
for HCV were the most important effectors on platelet factor 4. However, multivariate analysis of
these factors revealed that only PCR for HCV was the independent factor affecting platelet factor 4,
while there was insignificant relation between these factors and the change of PF4 after receiving
treatment.

Our study revealed that at cutoff value of 120 (IU/nm°) the sensitivity of PF4 was 84%,
specificity was 60%, Positive predictive value was 68, negative predictive value was 79, Accuracy
of the test was 72%. (P = 0.001).

CONCLUSION

PF4 can be used as an indicator of platelet function in chronic HCV infection as its level
was lower than normal in positive HCV cases and improved with DAAs with an 84% sensitivity
and 60%specificity at a cutoff value of 120 (1U/nm?).
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