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ABSTRACT ÖZ

Objectives: Chronic hepatitis C virus (HCV) is a fundamental 
worldwide health challenge. We assessed the treatment outcomes 
of ledipasvir (LDV) and sofosbuvir (SOF) with and without ribavirin 
(RBV) for 12 and 24 weeks in pre-treated and treatment-naive 
patients with chronic HCV.
Materials and Methods: Totally 65 patients were included in the 
present study. Patients were divided in two groups. In the first 
group, LDV and SOF with RBV were administered to 12 patients for 
12 weeks. In the second group, LDV and SOF without RBV were 
administered to 53 patients for 24 weeks.
Results: Sustained virological response (SVR) rates were 100% 
for the both groups included in the study. The adverse events were 
weakness (15.39%), pruritus (6.15%), myalgia (4.62%) nausea 
(3.08%), dry mouth (1.54%) and anorexia (1.54%) in all patients. 
HCV-RNA was also negative in all patients 48 weeks after the 
beginning of the treatment. At the end of the fifth year of treatment, 
all the patients still had SVR and no recurrence was detected.
Conclusion: In the treatment of patients with chronic HCV, LDV and 
SOF with and without RBV were highly effective. SVR rate of 100% 
was achieved in all pre-treated or treatment naive patients with or 
without cirrhosis regardless of genotype of HCV.
Keywords: Chronic hepatitis C virus, direct-acting antiviral agents, 
sofosbuvir, ledipasvir

Amaç: Kronik hepatit C virüsü (HCV), dünya çapında temel bir 
sağlık sorunudur. Bu çalışmamızda tedavi naif ve deneyimli kronik 
HCV’li hastalarda 12 ve 24 hafta boyunca ribavirin (RBV) içeren ve 
içermeyen ledipasvir (LDV) ve sofosbuvir (SOF) tedavi sonuçlarını 
değerlendirdik.
Gereç ve Yöntemler: Toplamda 65 hasta çalışmaya dahil edildi. 
Hastalar iki gruba ayrıldı. Birinci grupta 12 hastaya 12 hafta boyunca 
LDV ve SOF ile RBV verildi. İkinci grupta 53 hastaya 24 hafta boyunca 
LDV ve SOF uygulandı.
Bulgular: Her iki grupta da kalıcı viral yanıt oranı (SVR) %100 
bulundu. Tüm hastalar içinde yan etki olarak halsizlik (%15,39), 
kaşıntı (%6,15), kas ağrısı (%4,62), bulantı (%3,08), ağız kuruluğu 
(%1,54) ve iştahsızlık (%1,54) görüldü. Tedavinin başlangıcından 48 
hafta sonra tüm hastalarda HCV-RNA hala negatif idi. Beşinci yılın 
sonunda tüm hastalarda SVR mevcuttu ve nüks saptanmadı.
Sonuç: RBV’li ve RBV’siz LDV ve SOF tedavisi, kronik HCV’li 
hastaların tedavisinde oldukça etkindir. HCV genotipinden bağımsız 
olarak, sirozu olan veya olmayan tüm tedavi deneyimli ve naif 
hastalarda %100 SVR oranlarına ulaşılmıştır.
Anahtar Kelimeler: Kronik hepatit C virüs, direkt etkili antiviral 
ajanlar, sofosbuvir, ledipasvir
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Introduction

Viral hepatitis has a major global health challenge, affecting 71 
million with chronic hepatitis C virus (HCV) infection. It is a root 
cause of cirrhosis and liver cancer, causing about 1.4 million deaths 
annually. HCV can be eliminated without treatment within six 
month in approximately 15-45% of infected people, whereas it can 
evolve into chronic infection for the remaining 55-85% of infected 
people (1). HCV is categorized into 6 genotypes (1-6) with various 
subtypes based on genetic variations (2). Globally, genotype 1 is 
the most common type of HCV with the rest of the genotypes 
accounting for more than half of all HCV infections (1).

The sustained virological response (SVR) rate was 40-50% with 
standard pegylated-interferon (IFN) and ribavirin (RBV) treatment, 
and the rate increased to 60-80% with the addition of protease 
inhibitors [telaprevir (TVR)/boceprevir (BOC)] to the treatment in 
chronic HCV (3). Revolutionary developments have been achieved 
in the treatment of HCV after the onset of IFN-free regimens 
comprising of oral direct-acting antiviral (DAA) agents. Among the 
treatment options, the one with the highest SVR rate and the least 
adverse events in the minimum treatment period can be adopted 
as the best option (4). Literature review showed that DAA regimens 
can provide evident better antiviral efficacy with remarkable SVR 
rates exceeding 90-95% (5,6,7,8,9,10).

Treatment with sofosbuvir/ledipasvir (SOF/LDV) introduced 
very potent, well-tolerated, influential and non-IFN-based antiviral 
regimens for HCV infection applicable for the first time (11). 
SOF is a uridine nucleotide analogue inhibitor of the HCV-NS5B 
polymerase (12) and LDV is an inhibitor of the HCV-encoded NS5A 
protein (13). The combination of SOF/LDV with or without RBV in 
the treatment of HCV infection has improved the impressively high 
SVR rates up to 95%, even reaching 100% in some cases (4,14,15,
16,17,18,19,20,21,22,23). According to its high level genetic barrier, 
the development of resistance to it is at low. Thus, reaccurance of 
the disease is almost not observed. Additionally, due to its IFN-
free form, treatment with SOF/LDV caused less adverse events 
than IFN based regimens (18,19). A fixed-dose combination tablet 
consisting SOF united with LDV has been adopted in European 
Union, United States and other regions all over the world for the 
treatment of HCV infection (6) which has been adopted by U.S. 
Food and Drug Administration (24). This combination regimen 
is recommended by clinical practice guidelines in the European 
Union and the United States for the treatment-experienced and 
treatment-naive patients infected by HCV virus (25).

The fixed-dose combination of SOF/LDV has been used for 
the treatment of HCV recently. The objective of this study was to 
compare and assess the real-world effectiveness, safetyand long-
term outcomesof SOF/LDV with and without RBV in treatment of 
patients with HCV.

Materials and Methods

Patients
A total of 65 adult patients were enrolled into the current 

study. All patients were diagnosed, followed and treated at Düzce 
University Faculty of Medicine and Bolu State Hospital in Turkey 
from 2015 to 2021. Treatment-experienced or treatment-naïve 
patients over 18 years of age with chronic HCV infection, with 

or without cirrhosis, were included in this study. There was no 
exclusion criteria based on body mass index (BMI) and age. Liver-
biopsy was conducted to determine the presence of cirrhosis for 
twenty-seven patients according to the Ishak score of 5 or 6 (on a 
scale of 0 to 6 in which higher scores indicate a greater degree of 
fibrosis). Treatment-experienced patients had previously received 
combinations of pegile-IFN + RBV ± TVR/BOC, but infection 
relapsed in all of treatment-experienced patients.

Study Design
This study was an open-label, multi-centre, real-world study and 

conducted at Düzce University Hospital and Bolu State Hospital in 
Turkey. All patients orally received a fixed-dose combination tablet 
comprising of 400 mg of SOF and 90 mg of LDV with or without 
RBV once daily. Patients below and equal to 75 kg were treated 
with 1000 mg RBV and those over 75 kg were treated with 1200 
mg RBV. Patients were divided into two groups. One group with 53 
patients received SOF/LDV for 24 weeks and the other group with 
12 patients received SOF/LDV with RBV for 12 weeks.

Laboratory parameters and adverse events were measured, 
recorded, and assessed before treatment and 2, 4, 12, 24, 36, 
48 weeks and 60 monthsafter the beginning of the treatment. 
Patients were examined in detail and questioned about the 
possible adverse events of the treatment during the follow-up. The 
Child-Pugh score system was adopted to determine clinical status 
on cirrhotic patients. HCV diagnosis was determined as a positive 
test for anti-HCV antibodies validated by a positive HCV viral load.

Samples for laboratory parameters were acquired during the 
procedural examination and none were taken during renal crisis, 
acute liver or under any acute illness. HCV-RNA levels were 
measured by real-time polymerase chain reaction according to 
standard methods.

Study Oversight
The study was approved by Ethics Committee Düzce University 

(approval number: 2019/103, date: 15.05.2019). The research was 
performed in accordance with the principles of Good Clinical 
Practice guidelines, the Declaration of Helsinki, and local regulatory 
requirements. Written informed consent was obtained from each 
patient. Demographic and clinical characteristics of all patients 
were recorded, and concomitant treatments clinical assessments 
and other medical decisions were applied at the discretion in 
accordance with standard clinical practice. The authors obtained 
and edited the data, followed up the all processes of the study 
and conducted the statistical analyses. Data confidentiality was 
maintained by the authors.

Study Assessments
Measurement of laboratory data on HCV-RNA level, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), and 
serum biomarkers such as bilirubin, albumin, urea (URE), creatinine, 
hemoglobin (Hb), total leukocyte [white blood cell-(WBC)] platelets 
count (PLT) and international normalised ratio were included in 
follow up assessments. All adverse events were recorded.

Study Endpoints
The primary efficacy endpoint was the proportion of the 

patients achieving SVR at 12 weeks (SVR12). SVR12 was defined 
as the rate of patients with HCV-RNA concentration in serum 
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lower than 25 IU/mL 12 weeks after the completion of treatment. 
The primary safety endpoint was any adverse event leading to 
discontinuation of the treatment. The secondary efficacy endpoint 
was the proportion of the patients achieving SVR at 60 months.

Statistical Analysis
The clinical and demographic characteristics of patients were 

summarized by using mean, range, standard deviation, frequency 
(count) and relative frequency (percentage). The two groups were 
compared by conducting the non-parametric Mann-Whitney for 
the continuous variables and the chi-square test for the categorical 
variables, since the quantitative variables were non-normally 
distributed. Serial measurements for pretreatment and end of 
treatment were compared by performing the Wilcoxon signed-rank 
test. Statistically significance was considered for p-values less than 
0.05 and the confidence intervals set at the 95% level. The SPSS 
version 25 was used to conducted the statistical analysis.

Results

Baseline Characteristics
Clinical and demographic characteristics of the patients are 

shown in Table 1 for both groups. Patients were divided into two 
groups according to the treatment regiments they received. Twelve 
patients in the first group received LDV and SOF with RBV and 53 
patients in the second group received LDV/SOF. The mean age of 
the patients was 56.4 in the first group, 65.2 in the second group 
and 63.5 for the overall study population. The range of patients’s 
age were between 22-71 and 25-86 in those groups, respectively. 
There were 7 (10.77%) females in the first group and 28 (43.08%) 
females in the second group. The number of males in the groups 
were 5 (7.69%) and 25 (38.46%), respectively. Most of the patients 
were infected by HCV genotype 1b, with 7 (10.77%) patients in 
the first group infected with HCV genotype 1b and 50 patients 
(76,92%) in the second group infected with HCV genotype 1b. In 

Table 1. Clinical and demographic characteristics of the patients

Characteristic 1. Group LDV/SOF + RBV (n=12) 2. Group LDV/SOF (n=53) Total p-value

Age - - - 0.071

Mean 56.4 65.2 63.5 -

Range 22-71 25-86 22-86 -

Gender - - - 0.730

Female 7 (10.77%) 28 (43.08%) 35 (53.85%) -

Male 5 (7.69%) 25 (38.46%) 30 (46.15%) -

Genotype - - - 0.001

1a 1 (1.54%) 3 (4.62%) 4 (6.15%) -

1b 7 (10.77%) 50 (76.92%) 57 (87.69%) -

2a 2 (3.08%) - 2 (3.08%) -

2b 1 (1.54%) - 1 (1.54%) -

3 1 (1.54%) - 1 (1.54%) -

Fibrosis - - - 0.132

0 - 3 (4.62%) 3 (4.62%) -

1 2 (3.08%) 1 (1.54%) 3 (4.62%) -

2 - 3 (4.62%) 3 (4.62%) -

3 2 (3.08%) 6 (9.23%) 8 (12.31%) -

4 - 3 (4.62%) 3 (4.62%) -

5 - 6 (9.23%) 6 (9.23%) -

6 - 1 (1.54%) 1 (1.54%) -

Cirrhosis 10 10 (15.39%) -

Previous HCV treatment(s) - - - 0.553

Naive 5 (7.69%) 14 (21.54%) 19 (29.23%) -

IFN + RBV 6 (9.23%) 35 (53.85%) 41 (63.08%) -

TVR + BOC 1 (1.54%) 4 (6.15%) 5 (7.69%) -

HCV-RNA - - - 0.543

Mean, log10 IU/mL 5.59±0.6 5.69±0.78 5.67±0.75 -

≥5 log10 IU/mL (%) 9 (75%) 44 (83%) 53 (81.54%) -

Viral load (IU/mL) 862.064±1.037.904 1.797.026±3.725.150 1.624.418±3.412.528 -

LDV: Ledipasvir, SOF: Sofosbuvir; RBV: Ribavirin, HCV: Hepatitis C virus, IFN: Pegile-interferon, TVR: Telaprevir, BOC: Boceprevir, RNA: Ribonucleic acid, IU: International 
unit, L: Liter
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total, 41 patients had received treatment with IFN + RBV regimen 
and 5 patients had received treatment with TVR or BOC regimen 
prior to this study. Nineteen patients were treatment-naive in total. 
The mean baseline HCV-RNA was 5.50 log10 IU/mL in the first 
group and 5.66 log10 IU/mL in the second group. Only twenty-seven 
of the patients received liver biopsy prior to the treatment. Results 
of the liver biopsies showed that nine patients had minimal or no 
fibrosis (Ishak F0, 1, 2), eight patients had portal fibrosis (Ishak F3), 
three patient had bridging fibrosis (Ishak F4) and seven patients had 
cirrhosis (Ishak F5, 6). There were only 10 (15.39%) patients with 
cirrhosis in the second group. Decompensated liver failure, such as 
ascites or jaundice, were not found in any of patients. There was 
no significant difference between the two groups regarding their 
gender, fibrosis cases, cirrhosis cases, previous HCV treatment, 
and baseline HCV-RNA levels.

The differences between two groups regarding mean age were 
found to be statistically insignificant (p=0.07). There were more 
patients with HCV 1a genotype and 1b genotype in the second 
group than the first group. The results of the measurements for 
the laboratory parameters are shown in Table 2. Reduction in ALT 
and AST for the both group, increase in WBC for the second group, 
reduction in Hb for the first group, increment in PLT for the both 
groups, and increment in URE for the second group were found to 
be statistically significant.

In both groups, ALT and AST values decreased significantly at 
12 weeks compared with pretreatment. The mean AST and ALT 
levels, which were 2-3 times higher before treatment, returned 
to normal levels at the end of the treatment. Treatment-induced 
anemia was observed in the RBV group (p=0.015), whereas Hb 
was not decreased in the LDV + SOF group (p=0.245). Platelet 
levels were significantly increased in both groups after treatment 
(respectively p=0.028 and p=0.027). The increase in URE values in 
LDV + SOF group was not accompanied by elevation of creatine.

Efficacy
HCV-RNA levels in the treatment weeks and rates of SVR 

are presented in Figure 1. At the end of the fourth treatment 
week, HCV-RNA levels for 11 (91.67%) of 12 patients in the 

first group (LDV/SOF + RBV) and 50 (94.34%) of 53 patients in 
the second group (LDV/SOF) were not able to be detected. At 
week 12 of treatment, virologic suppression was achieved on all 
patients in both groups. All patients in both groups, including the 
10 with compensated cirrhosis at baseline, had sustained virologic 
response 12 weeks after the end of treatment. In addition, HCV-
RNA was negative in all patients 48 weeks after starting treatment. 
No significant differences were observed between the two groups, 
since all patients achieved SVR after the treatment. Also all the 
patients achieved SVR 60 months after the end of treatment. None 
of them had relapse.

Safety
The adverse events experienced by the patients are summarized 

in Table 3. None of the patients experienced any serious adverse 
events. At least one adverse event was experienced by 16.9% of 
the patients during the study. The adverse events were weakness 
(15.39%), pruritus (6.15%), myalgia (4.62%), nausea (3.08%), 
dry mouth (1.54%) and anorexia (1.54%). Myalgia (p=0.028) and 
anorexia (p=0.034) were found to be more common in the first 
group and statistically significant. Weakness effects were more 
common in the second group and can be accepted statistically 

Figure 1. Rates of sustained virological responses. Error bars shows 
95% confidence intervals
LDV: Ledipasvir; SOF: Sofosbuvir, RBV: Ribavirin, W: week

Table 2. Laboratory data measurements

1. Group (LDV + SOF + RBV) 2.  Group (LDV + SOF)

d0 12W p-value d0 24W p-value

ALT 77 14 0.008 54.44 19.97 0.001

AST 65 19 0.008 57.36 24.94 0.001

WBC 6290 7283.33 0.086 6103.33 6967.14 0.040

HB 13.72 11.54 0.015 12.69 12.6 0.245

PLT 196 255.56 0.028 185.65 210.06 0.027

URE 34.78 41.89 0.225 35.13 38.85 0.037

CRE 0.84 0.92 0.285 0.88 0.78 0.906

BIL 0.83 0.9 0.620 0.72 0.63 0.170

ALB 4.33 4.2 0.344 4.03 4.04 0.882

PT 12.18 12.02 0.528 11.76 11.49 0.210

INR 1.05 1.06 0.317 1.03 1.02 0.134

P-values with statistically significance (<0.005) are in bold. LDV: Ledipasvir, SOF: Sofosbuvir, RBV: Ribavirin, d0: Baseline (at the beginning of treatment), W: Week, ALT: 
Alanine aminotransferase, AST: Aspartate aminotransferase, WBC: White blood cell (total leukocyte), HB: Hemoglobin, PLT: Platelets count, URE: Urea, CRE: Creatinine, 
BIL: Bilirubin, ALB: Albumin, PT: Prothrombin time, INR: International normalized ratio, n: Number of patients
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significant (p=0.056). Discontinuation of the treatment due to 
adverse events did not occur for any of the patients.

Discussion

The World Health Assembly declared the elimination of viral 
hepatitis as a public health threat by 2030 in the Global Health 
Sector Strategy through reducing its incidence by 90% and 
reducing its mortality by 65%. The global prevalence of HCV was 
1% in 2015, ranging between 0.5% (South-East Asia Region) and 
2.3% (Eastern Mediterranean Region) depending on the regions. 
Chronic HCV is considered to be one of the major causes of 
hepatocellular carcinoma and liver cirrhosis (1). Therefore, every 
patient with positive HCV-RNA should be treated. There was a 
complete change in the treatment of HCV with DAAs, which were 
first introduced in 2011. Nowadays, INF-free therapies are being 
used in chronic HCV. INF-free therapies are superior in terms of 
both efficacy and safety when compared to previous therapies.

The aim of the present study was to evaluate the response of 
patients infected with chronic HCV to treatment with a fixed-dose 
combination of LDV/SOF with RBV for 12 weeks treatment period 
or without RBV for 24-week treatment period. The response rates 
and SVR were compared for two groups received two different 
regimens. The results of this study showed that a fixed-dose 
combination of LDV/SOF with RBV during 12 weeks and without 
RBV during 24 weeks were highly effective treatment regimens for 
HCV. In the phase studies of LDV + SOF, up to 99% sustained viral 
response was obtained in different patient groups and for different 
protocols (18,19,20).

Our results are consistent with the recent studies concluded 
100% SVR rates of treatment with LDV/SOF (16,17,21,22). 
Shousha et al. (17) evaluated the safety and efficacy of generic 
SOF/LDV for 8 and 12 weeks in 40 naive non-cirrhotic patients with 
HCV genotype 4. They revealed that 8 weeks of treatment with 
generic SOF/LDV had SVR12 rates of 100% and SVR12 rates of 
95% with 12 weeks of the same regimen.

Liu et al. (16) enrolled 111 patients infected with HCV virus 
along with HBV infection to their open-label, multicenter and phase 
3b study. They administrated a fixed-dose combination of LDV/
SOF to all patients, once daily for 12 weeks. They concluded that 
the combination of LDV/SOF lead to an SVR12 rate of 100% of 
patients with HCV infection who were co-infected with HBV. Shiha 
et al. (21) assessed the efficacy and safety of LDV/SOF with and 
without RBV for 8 and 12 weeks in 255 Egyptian patients infected 
with HCV virus genotype 4. The results of this study indicated that 

SVR12 rates were over 90% for all groups. SVR rates of 100% 
were only found among INF-experienced patients who received 2 
weeks of LDV/SOF with RBV.

Mizokami et al. (22) administrated either LDV (90 mg) and SOF 
(400 mg) or LDV/SOF and RBV orally to 341 patients infected with 
HCV virus genotype 1a and 1b, once daily for 12 weeks, in their 
randomized, open-label study. SVR12 rates of 100% were achieved 
in all 171 patients who received LDV/SOF and SVR12 rates of 98% 
were achieved in patients who received LDV/SOF with RBV.

Many parameters such as age, sex, cirrhosis, response to 
previous treatments, BMI, and HCV-RNA levels can affect the 
success of treatment in INF-based treatments. In our study, all 
cirrhotic patients had SVR12. 81% of the patients had high viral 
load (≥5 log10 IU/mL) and treatment was successful in all of them. 
There was no difference in response to treatment between naive 
and experienced patients.

Studies on long-term results of SOF-based DAA therapies 
generally have a short follow-up period. The number of studies 
with long-term follow-up results is not very high. Some statistical 
modeling studies show that long-term results are effective and 
there is a decrease in HCV-related mortality and advanced liver 
disease. In addition, the treatment was found to be costeffective 
(26,27). Long-term sustained viral response was observed in the 
mean 96-week follow-up of 62 patients who had relapsed after liver 
transplantation and were treated with DAA (28). In the 24-month 
follow-up period of 120 patients with liver transplantation, it was 
determined that the treatment was effective and there was 
improvement in liver tests (29). SOF/LDV therapy is effective and 
tolerable also in patients with advanced liver disease to HCV. In 
a study in which 200 patients with advanced liver disease due 
to HCV were followed for an average of 22 months, SOF/LDV 
treatment was found to be effective and tolerable. With eradication 
of HCV, improvement in liver functions was detected and the risk 
of developing new hepatocellular carcinoma was reduced (30). 
Although the number of patients was small in our study, the follow-
up period was quite long, such as 60 months. At the end of the 
follow-up period, improvement in liver function tests was observed 
in all patients. Decompensation and hepatocellular carcinoma did 
not develop in any of the cirrhotic patients. No patient died.

INF-based treatments were discontinued because of serious 
adverse effects. This in turn reduced the success rate of the 
treatment. In our study, no serious adverse effects were observed 
in any of the patients. The two treatment regimens used in our 
study were safe and well tolerated. There was no discontinuation 
caused by any adverse effect. The most common adverse effects 

Table 3. Adverse events

Characteristic 1. Group LDV/SOF + RBV (n=12) 2. Group LDV/SOF (n=53) Total p-value

None 8 (12.31%) 46 (70.77%) 54 (83.08%) 0.093

Weakness 4 (6.15%) 6 (9.23%) 10 (15.39%) 0.056

Pruritus 1 (1.54%) 3 (4.62%) 4 (6.15%) 0.728

Myalgia 2 (3.08%) 1 (1.54%) 3 (4.62%) 0.028

Nausea 1 (1.54%) 1 (1.54%) 2 (3.08%) 0.243

Dry mouth - 1 (1.54%) 1 (1.54%) -

Anorexia 1 (1.54%) - 1 (1.54%) -

LDV: Ledipasvir, SOF: Sofosbuvir, RBV: Ribavirin
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were weakness, rash, myalgia and nausea. One patient had dry 
mouth and one patient had insomnia. Anemia was observed in 
the group receiving RBV (p=0.015) but not in the other group. The 
adverse effects seen in our study were similar with to those seen 
in the literature and phase studies (18,19,20,21,22).

Study Limitations 
There were limitations to the present study. First, the relatively 

small sample size of the study might affect significance of 
the statistical tests. Second, the two study groups were not 
randomized equally. Third, all of the patients infected with HCV 
virus were selected from justtwohospital and therefore, selection 
bias could not be avoided.

Conclusion

LDV and SOF regimen is a very effective and reliable treatment 
for controlling chronic HCV infection in all patient groups. HCV 
eradication may be possible with systematic and effective 
treatment of chronic HCV patients.
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