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The outcome of the sofosbuvir Based Therapy in the treatment of Hepatitis C Virus Genotype 4 in Egyptian patients
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Abstract

Background and aim

There have been significant advancements during the last few years, with large numbers of ongoing trials with various direct-acting antivirals (DAA) showing high potency against the hepatitis C virus (HCV). The aim was to show the effectiveness and side effects of Sofosbuvir-based therapy in treating HCV genotype 4 in Egyptian patients and compare its results with the international results.

Methods

The study included 740 patients with chronic HCV. The study population consisted of three groups: Group (1): included 240 patients treated with sofosbuvir 400 mg plus Peginterferon α2a and weight-based ribavirin for 12 weeks. Group (2): had 250 patients treated with sofosbuvir 400 mg and weight-based ribavirin for 24 weeks.  Group (3): involved 250 patients treated with sofosbuvir 400 mg and simeprevir 150 mg once daily for 12weeks.

Results

Sustained virological response (SVR) occurred in 83.3% of the triple therapy group. In the dual therapy group, SVR occurred in 64% of patients. In the Simeprevir-Sofosbuvir group, SVR was achieved in 96% of patients, with statistically significant differences among the studied groups (p=0.015). Multivariate logistic regression analysis showed that treatment with simeprevir and sofosbuvir was associated with higher rates of SVR with an odds ratio of 12.5. Serum creatinine shows a negative correlation with an odds ratio of 3.1; MELD score showed a negative correlation with an odds ratio of 1.5.

Conclusion

Sofosbuvir-based therapy has satisfactory results for the treatment of hepatitis C virus genotype 4 with lesser complications
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Introduction

The prevalence of HCV antibody was 10.0%, and that of HCV RNA by 7.0% (95% CI 6.6–7.4). In children 1–14 years old, HCV antibody and HCV RNA prevalence were 0.4% and 0.2%, respectively 1()
. The cause of this high incidence is not well understood. Still, the mass parenteral therapy for schistosomiasis could explain it in the second half of the 20th century, which was the determinant factor of the high prevalence.

Almost all patients with chronic HCV were caused by genotype 4, representing over 90% of cases in Egypt. Cirrhosis and hepatocellular carcinoma in Egypt are attributed mainly to chronic active HCV.

Chronic HCV is a slowly progressive disease characterized by persistent hepatic inflammation with persistent viremia for more than six months. It will eventually lead to liver cirrhosis in approximately 10–20% of patients over 20–30 years of HCV infection 2()
.

Cirrhosis may be indolent for many years in some patients and may progress in others to hepatocellular carcinoma, hepatic decompensation, and death. After cirrhosis has developed, there is a 1–5% annual risk of HCC and a 3–6% yearly risk of hepatic decompensation. After liver decompensation, the risk of death in the following year is between 15% and 20% 3()
.

The treatment of HCV infection with pegylated interferon-alpha and ribavirin had led to sustained virologic response (SVR) in around 55-60% with HCV genotype 4 4()
. Treatment aims to eradicate HCV RNA, which is predicted by the achievement of SVR defined by the absence of HCV RNA by polymerase chain reaction (PCR) six months after stopping treatment 5()
.

In Egypt, the initial therapeutic wave of effective management of Chronic HCV included Peginterferon alfa and ribavirin. The optimal dose of peginterferon alfa-2a is a fixed dose of 180 µg/week given subcutaneously together with ribavirin; 1,000 mg for those who weigh ≤ 75 kg and 1,200 mg for those who weigh > 75 kg6()
.

Interferon mediates its antiviral effect by inducing interferon-stimulated genes (ISGs), which encode for a number of some effector proteins with antiviral effects such as protein kinase (PKR), 2′, 5′ oligoadenylate synthetase, and adenosine deaminase leading to inhibition of mRNA translation, RNA degradation, editing and production of nitric oxide 7()
.

Ribavirin is a guanosine analog that produces broad-spectrum antiviral activities 8()
. Ribavirin's antiviral ability results from four pathways; direct inhibition of HCV replication, inhibition of host inosine monophosphate dehydrogenase (IMPDH) enzyme, mutagenesis induction to drive a rapidly replicating virus beyond the threshold to error catastrophe, and immunomodulation by inducing a Th1 immune response9()
.
Direct-acting antivirals work to inhibit the three viral proteins NS3/4A protease, the NS5A protein, and the NS5B RNA-dependent RNA polymerase; they reduce the length of antiviral treatment, improve response rates, and allow for interferon-free regimens 10()
.

Since the HCV NS5B polymerase's active site is highly conserved across genotypes, nucleos (t) ide inhibitors tend to have a pan-genotypic activity. Many also have a high genetic barrier to drug resistance. In contrast, non-nucleoside polymerase inhibitors bind distal to the catalytic site, are less likely to have pan-genotypic activity, and have a lower genetic barrier to resistance 11()
.
Sofosbuvir is a direct-acting pyrimidine nucleoside analog representing the first NS5B HCV polymerase inhibitor. It undergoes intracellular metabolism to form the pharmacologically active uridine analog triphosphate, which can be incorporated into HCV RNA by the NS5B RNA-dependent RNA polymerase (RdRp) acting as a chain terminator. It is active against all HCV genotypes12()
. It has a high resistance barrier. No S282T mutation was detected in patients who relapsed after receiving sofosbuvir combined with RBV with or without peg-IFN or a second DAA 13()
.

Simeprevir is an oral HCV NS3/4A protease inhibitor approved to treat HCV and compensated liver disease patients. It is classified as a

Second-generation protease inhibitor with a macrocyclic structure, presenting an advantage regarding binding affinity and specificity for NS3 protease compared to first-generation protease inhibitors 14()
.

This work evaluates the effectiveness and side effects of initial Sofosbuvir-based therapies in treating Hepatitis Genotype 4 in Egyptian patients. Also, to compare our results with pegylated interferon included treatment, which is now considered obsolete from the Egyptian national guidelines.
Methods

This retrospectivewasnter study was conducted in the hepatology Outpatient clinic - Zagazig university hospital, AL-Ahrar hospital virology center, and Fakous virology center from March 2014 to October 2016.

A- Patient selection

Seven hundred and forty patients with hepatitis C virus were selected if they had chronic HCV as proved by positive HCV RNA. The study population consists of three groups who were treated with different anti HCV regimens at different time intervals:

Group (1): included 240 patients (170 male - 70 female) who were treated with sofosbuvir 400 mg orally once daily plus Peginterferon and weight-based ribavirin for 12 weeks with a mean age of (48.7 ± 7.5 years).

Group (2): included 250 patients (180 male – 70 female) who were treated with sofosbuvir and weight-based ribavirin for 24 weeks with a mean age of (54.1 ± seven years).

Group (3): included 250 patients (160 male – 90 female) who were treated with 400mg Sofosbuvir and 150mg of Simeprevir once daily for 12weeks with the mean age of (53.4 ± eight years).

B- Clinical evaluation

All the patients were subjected to entire history taking, clinical examination including clinical signs of portal hypertension as dilated abdominal veins, splenomegaly, the condition of the liver whether shrunken or enlarged in early cirrhosis, exclusion of features of liver cell failure as jaundice, ascites, lower limb edema, fetor hepaticus, flapping tremors, spider angiomata, palmar erythema.

C- Laboratory methods

-Liver function and kidney function tests, prothrombin time, prothrombin concentration, the international normalized ratio (INR), complete blood count (CBC), HBsAg, TSH if interferon is used, ANA, serum alpha-fetoprotein.

We measured fasting blood sugar and glycosylated hemoglobin if the patient has diabetes. Also, we checked for a Pregnancy test for women of the childbearing period before ribavirin treatment. ECG, Fundus examination was done in patients above 50 years of age.

-Real-time Quantitative PCR was done at baseline (COBAS Ampliprep/Taqman HCV monitor, with detection limit 15 IU/ml; Roche Diagnostic Systems, Germany).

D- Abdominal ultrasonography

The patients were examined after 6 hours fast. Criteria of portal hypertension and cirrhosis were evaluated.

E-Assessment of fibrosis stage by fibroscan.
It was performed by fibroscan; the number of shots is 10, success rate ≥ 60%, interquartile range ≤ 25%. Generally, liver stiffness 2.5-7 kPa denotes (F0-1), 7-9.5 kPa (F2), 9.5-12.5 kPa (F3), >12.5 kPa denotes cirrhosis15()
.

Follow-up

Patients were assessed by HCV RNA levels measured at baseline, the fourth week for assessment of adherence (optional), at the end-of-treatment, and the 12th-week post-treatment (SVR 12 th). CBC, liver, and kidney function tests were done monthly during treatment.

F- Statistical Analysis

Data were analyzed using SPSS 20 for Windows (SPSS Inc., Chicago, IL, USA). When appropriate, continuous variables were summarized as mean ± standard deviation and standard of error (SE). The Chi-square test was used for categorical variables as frequency and percentage. The analysis of variance was used appropriately. P-value was considered significant when (P<0.05). The Pearson correlation coefficient was used to detect variables correlated with SVR. The multivariate logistic regression analysis was performed to determine the independent variables associated with SVR.

Results

The study was conducted on 740 patients, 510 males, and 230 females, with a mean age of 52.1± 7.9 years (35-74 years). BMI mean value was 28.1 ± 3.1 kg/m² (22 – 39 kg/m²). Mean value of HCV RNA was 105.2 ± 24.3 x 10³ IU/ml, Child Turcotte Pugh score (CTP) mean value 5.52 ± 0.7, FIB4 mean value 1.93 ± 1.3 (0.56 - 4.42), Model of end-stage liver disease (MELD) mean value 8.42 ± 2.2.

The demographic features of the Studied Subgroups are shown in Table 1. 

Table 1: Demographic Features of the Studied Subgroups

	
	Triple therapy
	Dual
	Sim-Sof
	P-value

	Age (years)
	48.7± 7.5
	54.1±7
	53.4±8.5
	0.062

	Sex (M/F)
	(170-70)
	(180-70)
	(160-90)
	0.058

	BMI (Kg/m²)
	20.7±3.6
	30.4±5.2
	37±2.4
	0.017


The mean value of the following variables showed a significant statistical difference among the studied groups; AST (p=0.03), HCV RNA by (p= 0.000), platelet count (p=0.02) (Table 2).

Table 2: Baseline Laboratory Data of the Studied Subgroups

	
	Triple therapy
	Dual
	Sim-Sof
	P-value

	ALT (IU/L)
	20.7 ± 3.6
	30.4 ± 5.2
	37 ± 2.4
	0.151

	AST (IU/L)
	23.7 ± 4
	35.8 ± 6
	32 ± 2.4
	0.03

	Albumin (g/dl)
	3.9 ± 0.4
	3.5 ± 0.4
	3.6 ± 0.25
	0.063

	T.bilirubin (mg/dl)
	0.8 ± 0.3
	1 ± 0.3
	1 ± 0.2
	0.1

	PT
	11.7± 0.95
	12.8 ± 1
	12.8 ± 0.8
	0.28

	INR
	1.1 ± 0.2
	1.2 ± 0.2
	1 ± 0.1
	0.12

	Creatinine (mg/dL)
	0.9 ± 0.2
	1 ± 0.2
	1 ± 0.2
	0.195

	HCV RNA(KIU/mL)
	158.6 ± 3.6
	108.9 ± 6.2
	505 ± 10.3
	0.000

	WBC (cells/ul)
	6.4± 2.4
	6.13 ± 1.4
	5.5±1.1
	0.1

	HB (g/dL)
	13.1 ± 1.3
	11.9 ± 1.6
	11.5 ± 1
	0.164

	Platelets (/uL)
	183.2±51.4
	120.9±29
	222.7±61.1
	0.02


CTP and FIB4 showed a highly significant statistical difference between the studied groups (p=0.001), higher in the dual therapy group (6±0.7, 3±0.3 respectively). MELD mean value was significantly higher in the dual therapy group (9.64±2.4, p=0.002) (Table 3, Fig 1).

Table 3: Comparisons of the mean values of Child-Pugh score, MELD score, FIB4 in the studied groups

	
	Triple therapy
	Dual
	SIM-SOF
	F
	P-value(ANOVA test)

	CTP
	5.2 ± 0.5
	6 ± 0.7
	5.4 ±0.5
	13.9
	0.001

	FIB4
	1.44±0.19
	3±0.3
	1.35±0.4
	18.5
	0.000

	MELD
	7.5±1.8
	9.64±2.4
	8.04±1.9
	6.9
	0.002


Fig 1: FIB4, Child-Pugh score values among the studied groups.
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Fig1: FIB4, Child-Pugh score values among the studied groups.

Sustained virological response (SVR) occurred in 83% of the triple therapy group. In the dual therapy group, SVR occurred in 64% of patients. In the Simeprevir-Sofosbuvir group, SVR was achieved in 96% of patients with a statistically significant difference among the studied groups (p=0.015) (Table 4, Fig 2).
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Fig 2: Prevalence of SVR among the studied groups.

Table 4: Incidence of sustained virological response (SVR) among the studied subgroups.
	
	Triple therapy
	Dual
	SIM-SOF
	P-value

	SVR
	200 (83.3%)
	160 (64%)
	240 (96%)
	P = 0.015

	No SVR
	40 (16.7%)
	90 (36%)
	10 (4%)
	


The Pearson correlation coefficient was done to detect variables closely correlated with SVR (Table 5). Treating patients with Simeprevir and sofosbuvir has a likelihood ratio of 9.1 of achieving SVR.

Table 5:  Spearman rank correlation to detect variables closely correlated with SVR.

	Variables
	Type of treatment
	Platelet count
	Creatinine
	CTP

	R
	0.345
	0.264
	0.312
	0.293

	P
	0.000
	0.023
	0.007
	0.011


Multivariate logistic regression analysis was performed to detect the variables independently associated with SVR. Simeprevir and sofosbuvir were associated with higher rates of SVR with an odds ratio of 12.5. Serum creatinine negatively correlates with SVR; the higher the value, the less the likelihood of achieving SVR with an odds ratio of 3.1. The MELD score showed a negative correlation with SVR; the lower the score, the more the possibility of the SVR with an odds ratio of 1.5 (Table 6).

Table 6: Multivariate logistic regression analysis to determine the independent variables associated with SVR.

	
	Beta coefficient
	Odds ratio
	P

	Type of treatment
	4.8
	12.5
	0.02

	Serum creatinine
	-28.8
	3.1
	0.02

	MELD
	-2.6
	1.5
	0.029


While observing the side effects of therapy among the studied subgroups, in the 1st group, which was treated with triple therapy, ten patients had no adverse effects (4.2%), 120 patients had fatigue (50%). Seventy patients had a headache (29.2 %), 40 patients had nausea (16.7%), 130 patients developed normocytic normochromic anemia (54.2%), which necessitated stopping the therapy temporarily in 30 patients for 4.3±2.9 days, no one experienced arthritic manifestations as joint pain, pruritus or rash.
In the second group, which was treated with sofosbuvir and ribavirin; 110 patients had no adverse effects (44%), 80 patients had fatigue (32%), 40 patients had a headache (16%), 20 patients had nausea (8%), 110 patients developed normocytic normochromic anemia (44%) which needed to stop the therapy temporarily in 13 patients for 3.9±2.6 days, no one experienced arthritic manifestations as joint pain, pruritis or rash.

In the third group, which was treated with sofosbuvir and simeprevir; 110 patients had no adverse effects (44%), 50 patients had fatigue (20%), 20 patients had a headache (8%), 30 patients had nausea (12%), ten patients had joint pain (4%), 20 patients had joint pain (8%), ten patients had a rash (4%), and five patients (2%) developed mild normocytic normochromic anemia (Table7).

Table 7: Frequency of the side effects among the studied subgroups

	
	
	Side effects

	
	No S/E
	Fatigue
	Headache
	Anemia
	Nausea
	Joint pain
	pruritis
	Rash

	Group
	Triple
	Count
	10
	120
	70
	130
	40
	0
	0
	0

	
	
	%
	4.2%
	50.0%
	29.2%
	54.2%
	16.7%
	0.0%
	0.0%
	0.0%

	
	Dual
	Count
	110
	80
	40
	110
	20
	0
	0
	0

	
	
	%
	44.0%
	32.0%
	16.0%
	44%
	8.0%
	0.0%
	0.0%
	0.0%

	
	SOF-SIM
	Count
	110
	50
	20
	5
	30
	10
	20
	10

	
	
	%
	44.0%
	20.0%
	8.0%
	2%
	12.0%
	4.0%
	8.0%
	4.0%

	Total
	Count
	230
	250
	130
	245
	90
	10
	20
	10

	
	%
	31.1%
	33.8%
	17.6%
	33.1%
	12.2%
	1.4%
	2.7%
	1.4%


Discussion

The Sustained virological response is defined as undetectable HCV RNA in the serum 24 weeks after the end of treatment; it is associated with improved outcomes in the form of a reduction in the rate of hepatocellular carcinoma (HCC), liver decompensation, and enhanced survival 16()
.

Until recently, the standard of care for genotype 4 HCV had been pegylated interferon with ribavirin for 24 to 48 weeks, depending on virological response. Treatment-naive patients who received this regimen had SVR rates of 43% to 60% 17()
.

Direct-acting antiviral agents have recently been approved to treat genotype 4 HCV. They are associated with improved rates of SVR in treatment-naive and treatment-experienced patients with genotype 4 HCV; however, a small number of patients were studied, and data concerning efficacy and safety are lacking18()
. The efficacy and safety of sofosbuvir in patients with different HCV genotypes and various combinations of drugs were tested in numerous clinical trials19()
.

In our retrospective study analyzing the efficacy of sofosbuvir-based therapy for the hepatitis C virus genotype, four patients in Egypt, conducted on 740 patients, divided into three groups that declared the following results. The first group of naïve patients included 240 patients treated with sofosbuvir 400 mg orally plus peginterferon alfa-2a and weight-based ribavirin for 12 weeks. Two hundred patients had achieved SVR (83%), 40 (17%) patients had a recurrence, 15 after therapy, 25 patients after three months.

The results of SVR in the 1st group are approximately in agreement with the results of the NEUTRINO study, which was conducted on naïve patients with HCV infection. A 12-week regimen of sofosbuvir plus peginterferon alfa-2a and ribavirin in 327 patients with HCV genotype 1, 4, 5, or 6. The primary endpoint was SVR at 12 weeks. SVR was achieved in 90% of patients20()
.

In the second group of patients, which included 250 peginterferon experienced patients who took sofosbuvir and weight-based ribavirin for 24 weeks; 160 patients achieved SVR (64%), 90 (36%) patients had a recurrence, 42 of them at the end of treatment, 48 patients after three months. The results of SVR in the 2nd group are approximately in agreement with the results of the phase 2 trial in patients with chronic HCV infection (either genotype 2 or 3), which showed that treatment with sofosbuvir plus ribavirin resulted in SVR in 100% (10 of 10) of previously untreated patients and 68% (17 of 25) of previously treated patient21()
s 22()
.

A study enrolled treatment-naïve or treatment-experienced patients with genotype 4 HCV infection (n=103) who were randomly assigned to receive either 12 or 24 weeks of sofosbuvir 400 mg and ribavirin 1000-1200 mg daily. Randomization was stratified by prior treatment experience and the presence or absence of cirrhosis. The primary endpoint was the percentage of patients SVR12th.SVR12 rates were 90% (46/51) with 24 weeks and 77% (40/52) with 12 weeks of sofosbuvir and ribavirin therapy. Patients with cirrhosis at baseline had lower rates of SVR12 (63% 12 weeks, 78% 24 weeks) than those without cirrhosis (80% 12 weeks, 93% 24 weeks)23()
 [23].

In the third group that included 250 patients who were treated with 400 mg sofosbuvir and 150 mg of simeprevir once daily for 12 weeks; 240 patients achieved SVR (96%)

, ten patients did not continue treatment due to the side effects.

The results of SVR in the 3rd group were approximately in agreement with the results of the OSIRIS trial, which assessed genotype four infected patients (n=63) both treatment naïve and experienced, with and without liver cirrhosis, who were treated with 150 mg of simeprevir in combination with 400 mg sofosbuvir once daily. Patients without liver cirrhosis were randomized to receive either 8 or 12 weeks of treatment, while patients with cirrhosis were assigned to receive 12 weeks. In patients (n=43) treated for 12 weeks, SVR was 100%, and 75% of patients (n=20) treated for 8 weeks 24()
.

There is a statistically significant difference in SVR incidence among the studied subgroups (p = 0.015). Hematological abnormalities did not occur except for normocytic anemia in 245 (33%) patients, which was noted in patients receiving ribavirin and forced us to stop treatment temporarily in 43 (5.8%) patients. The low incidence of adverse events with the relatively short duration of treatment as compared to IFN-based therapy might improve treatment adherence and completion.

Combining DAAs for 12–24 weeks had established the potential of IFN-free regimens for both treatment-naive patients, and interferon experienced patients with HCV genotype 4 with higher efficacy and sustained virological rates. In conclusion, Sofosbuvir-based therapy has better results for treating hepatitis C virus genotype four and has lesser complications than the previous antiviral combination therapy with interferon and ribavirin.
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