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Abstract

Aims

To analyze the efficacy and safety of sofosbuvir (SOF)-based regimens in Thai patients with

chronic hepatitis C virus infection who had pre-existing significant liver fibrosis.

Patients and methods

This was a retrospective cohort study, conducted between 1 June 2018 and 31 May 2019 at

Rajavithi Hospital, Bangkok, Thailand. All patients completed 12 weeks of SOF-based regi-

mens and had follow-up for at least 12 weeks after therapy discontinuation. The primary out-

come was sustained virological response (SVR) 12 weeks after the end of therapy.

Result

A total of 185 patients were included, with 52, 63 and 70 taking SOF+Ledipasvir (SOF

+LDV), SOF+LDV+ribavirin (RBV) and SOF+Pegylated interferon (Peg-IFN)+RBV (SOF

+Peg-IFN+RBV) respectively. Genotype (GT) 1 was predominant at 40.0%, followed by

GT3 at 37.8%, and GT6 at 22.2%. Overall 95.1% of patients in this study achieved SVR (n =

176/185), and the only factor associated with SVR was HCV genotype (p = 0.001). GT6

patients had lower SVR rates compared to GT1 and GT3 patients (82.9%, 98.6%, and

98.6% respectively) while there was no association between SVR and other factors (p

>0.05) such as gender, age, BMI, underlying cirrhosis, baseline HCV viral load, or prior

treatment history. No serious adverse events were reported in the present study.

Conclusion

Sofosbuvir-based regimens in the treatment of patients with chronic HCV infection were

highly efficacious with excellent safety and tolerability profiles in a real-world setting; how-

ever, further research is required to establish whether or not such a regimen is an adequate

treatment for all genotype 6 patients.
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Introduction

The hepatitis C virus (HCV) was discovered in the late 1980s[1] and was found to be a major

cause of cirrhosis and hepatocellular carcinoma. The worldwide population infected with

HCV is estimated at 71 million individuals,[2] while in Thailand its incidence is 1–2% of the

population.[3] There are seven genotypes (GT) of HCV, and these are distributed unevenly

worldwide. Although GT1 is the most prevalent in the western world,[4] in Thailand, HCV

GT3 is most common at 46.1%, followed by GT1, GT6 and GT2 at 32.5%, 20.9%, and 0.5%

respectively.[5]

For many years, combination therapy of pegylated interferon (Peg-IFN) and ribavirin

(RBV) has been the cornerstone treatment for HCV infection. It has been found to achieve a

low rate of sustained virological response (SVR) of about 40% in HCV GT1 infected patients

and 60–80% of HCV GT2 or 3 infected patients. [6, 7] Its adverse effects can be substantial,

however, including flu-like symptoms, psychiatric disorders, and hematologic effects, making

it intolerable for a considerable number of patients.[8]

Recently, the introduction of direct-acting antiviral (DAA) agents have revolutionized the

treatment of HCV, demonstrating high efficacy and good tolerability [9–12] Since 2018, two

DAA agents, sofosbuvir (SOF) and ledipasvir (LDV), have been available in Thailand’s govern-

ment health system. The Thai government offers these drugs without cost for prioritized

patients at a significant stage of liver disease, in accordance with the national health policy for

treating chronic hepatitis C. All-oral DAA regimens, which are the treatment of choice for the

vast majority of HCV-infected patients, are expensive and therefore cannot be supplied to

every patient in our country because of resource constraints; consequently, a SOF+Peg-IFN

+RBV combination therapy for 12 weeks is still the standard of care for patients infected with

in HCV-GT3, who are interferon supersensitive,[12–14] regardless of underlying liver cirrho-

sis. On the other hand, for patients infected by HCV-GT1, GT2, GT4, and GT6, the standard

regimens for those without liver cirrhosis is SOF+LDV combination therapy for 12 weeks and

for those with liver cirrhosis SOF+LDV+RBV combination therapy for 12 weeks in Thailand’s

government reimbursement system.

Sofosbuvir, the NS5B nucleotide polymerase inhibitor, has pan-genotypic activity, thus

SOF-based regimens have been widely used for the treatment of HCV-infected patients with

high rates of SVR at week 12 after completion of therapy (SVR�90%) in clinical trials.[14–17]

An SVR is associated with a 99% chance of being HCV RNA undetectable during long-term

follow-up and can, therefore, be considered a virologic cure for HCV infection.[18] Unfortu-

nately, data on the efficacy of SOF-based regimens in HCV-infected patients are still limited in

Thailand. The aim of this study was to evaluate the efficacy and safety of SOF-based regimens

for HCV-infected patients. To the best of our knowledge, this is the first report in a real-world

cohort of HCV-infected patients treated with SOF-based regimens in Thailand.

Methods

Study design

In this retrospective cohort study, conducted from 1 June 2018 to 31 May 2019 at Rajavithi

Hospital, a tertiary referral center in Bangkok, Thailand, we analyzed data consecutively from

the medical records of all the chronic hepatitis C patients who were treated with SOF-based

regimens in the out-patient clinic. The study was carried out in accordance with the ethical

principles of the Declaration of Helsinki and was approved by the ethics committee of Raja-

vithi Hospital (No. 157/2562).
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Participants

The inclusion criteria were patients who: (i) were aged between 18–70 years; (ii) were diag-

nosed as having HCV infection by detection of HCV RNA in plasma; (iii) had pre-existing sig-

nificant liver fibrosis (�F2) determined by ultrasound-based vibration-controlled transient

elastography (VCTE; FibroScan1)�7.0 kPa[19] or histopathological staging�F2 stage by

METAVIR scoring system; and (iv) had not received previous HCV treatment (defined as

treatment-naïve), or had been non-responsive to a previous treatment with Peg-IFN+RBV

combination therapy (defined as treatment-experienced).

We excluded patients who: (i) had hepatitis B virus (HBV) or human immunodeficiency

virus (HIV) co-infection; (ii) had history of alcohol abuse or abstinence from alcohol for less

than 6 months; (iii) had severely decompensated cirrhosis defined by Child-Turcotte-Pugh

(CTP) score >9 or model of end-stage liver disease (MELD) score>18; (iv) had severe renal

impairment with glomerular filtration rate (GFR)<30 ml/min; (v) were in a state of pregnancy

or lactating; (vi) had active underlying disease e.g. autoimmune disease, major depression, thy-

roid dysfunction, and other severe comorbid diseases; (vii) were diagnosed with hepatocellular

carcinoma or other malignancy at the baseline of treatment; or (viii) missed follow-up visit at

the end of treatment and/or 12 weeks post-treatment.

Severity of liver disease

To evaluate the degree of liver fibrosis using a non-invasive tool, VCTE is the most studied

radiologic method and is reliable for staging liver fibrosis in HBV- or HCV-infected patients

and other liver diseases,[20–24] with a>90% negative predictive value for ruling out liver cir-

rhosis.[19,25] All patients in the present study had VCTE performed within not more than 6

months before beginning the antiviral treatment by a single experienced operator (Thanaya

Techasirioangkun, RN) using a Fibroscan1 device (Echosens, France).

Significant fibrosis (�F2) was defined as VCTE�7.0 kPa (PPV: 83–97%, NPV: 23–85%)

and cirrhosis was defined as VCTE�13.5 kPa (PPV: 52–85%, NPV:�95%), in accordance

with the Thailand practice guideline for the management of chronic hepatitis C 2018 and the

Australian Liver Association expert consensus recommendations.[19] Thus, we classified the

patients into two groups, namely a non-cirrhosis group and a cirrhosis one, based on the dif-

ferent treatment regimens for these patients. Baseline CTP and MELD scores were calculated

for patients with cirrhosis.

Treatment regimens

In this study, all patients completed 12 weeks of SOF-based regimens therapy, and they had

follow-up for at least 12 weeks after therapy discontinuation. The patients were considered

compliant with therapy if they did not miss more than 20% of all prescribed antiviral

medication.

HCV-GT3 infected patients were treated with triple-drug therapy (SOF+Peg-IFN+RBV)

for 12 weeks regardless of whether they had underlying cirrhosis. SOF dose of 400 mg

(MyHep1, Mylan Laboratories Limited) was given orally once daily in the morning, Peg-IFN

alfa-2a dose 180 mcg (Pegasys1, Roche Pharmaceuticals) or Peg-IFN alfa-2b dose 1.5 mcg/kg

body weight (PegIntron1, Merck Sharp & Dohme Corp.) was administered as a weekly subcu-

taneous injection, and a weight-based RBV dose of 15 mg/kg (Copegus1, Roche Pharmaceuti-

cals, or Rebetol1, Merck Sharp & Dohme Corp.) was given orally twice daily for non-cirrhosis

patients while RBV dose 800 mg was given orally twice daily for cirrhosis patients.

Patients infected with HCV-GT1, GT2, GT4, and GT6 without cirrhosis were treated with a

fixed-dose combination of SOF 400 mg + LDV 90 mg in a single-tablet (Ledvir1, Mylan
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Laboratories Limited) orally once daily in the morning for 12 weeks while those with cirrhosis

were treated with a fixed-dose combination of SOF 400 mg + LDV 90 mg orally once daily in

the morning plus a weight-based RBV dose of 15 mg/kg given orally twice daily for 12 weeks.

However, the attending physician had discretion to adjust the RBV dose as appropriate for

each patient during the follow-up period.

Data collection and outcomes assessment

The start date of the given DAAs was considered as the baseline of treatment in this study.

Demographics and baseline characteristics (e.g., age, gender, body mass index (BMI), degree

of liver fibrosis), laboratory data (e.g., liver biochemical tests, serum creatinine, complete

blood count, and coagulation tests) of patients were retrospectively collected from medical rec-

ords. For patients receiving Peg-IFN, thyroid function test was checked at pre-treatment visit.

All the patients had follow-up once every 4 weeks and were assessed for adverse events (AEs)

and compliance with the treatment.

HCV-genotype was determined by direct sequencing of the HCV core gene using the

ABI3500 Genetic Analyzer instrument (Applied Biosystem, CA, USA). Serum HCV RNA was

measured using real-time HCV assays by polymerase chain reaction using the COBAS1

AmpliPrep/COBAS1 TaqMan1HCV Test (Roche Molecular Diagnostics, CA, USA), which

quantified HCV RNA with a limit of detection of 15 IU/mL, and HCV RNA quantification

was performed at baseline and week 12 after completion of therapy.

The primary outcome was to assess the overall SVR rate, which was defined as serum HCV

RNA undetectable at 12 weeks after the end of the treatment, after SOF-based therapy. Second-

ary outcomes were to analyze the associated factors of SVR and evaluate the treatment-related

AEs.

Statistical analysis

Statistical analyses were performed using the SPSS software version 17.0 (SPSS Inc., Chicago,

IL). Demographic data and baseline characteristics were analyzed using descriptive statistics,

and categorical variables were compared using the Chi-square test or Fisher exact test as

appropriate. Continuous variables were compared using the Independent t-test or the Mann-

Whitney U test. All statistical examinations were two-tailed with a p-value <0.05 considered

statistically significant.

Results

Baseline characteristics of study population

Data of 232 patients with chronic HCV infection were retrieved for analysis; however, twelve

patients were excluded due to loss to follow-up and missing data, and another thirty-five due

to their having HBV or HIV co-infection. A total of 185 patients who completed SOF-based

treatment were therefore included in this study. Males accounted for 67.0% of participants,

and the mean age was 54.61 years (SD 9.62). With regard to genotype distribution, GT1 was

predominant at 40.0%, followed by GT3 at 37.8%, and GT6 at 22.2%. High baseline viral load,

defined as HCV RNA�6,000,000 IU/mL, was noted in 25 patients (13.5%). Overall, 59.5% of

patients had cirrhosis, and most of these were compensated (CTP Class A 82.7% and CTP

Class B 17.3%). A total of 35 patients (18.9%) were treatment-experienced. Demographics and

baseline characteristics of the enrolled patients are reported in Table 1. The details of the treat-

ment administered to the study population, according to HCV genotype, are outlined in

Table 2.
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Efficacy assessment and associated factors of SVR

Overall, SVR was achieved by 176 of the 185 patients (95.1%) who were treated with SOF-

based regimens (Fig 1), and HCV genotype was found to be the only factor associated with

Table 1. Demographic and laboratory data of patients.

Parameters Total (N = 185)

Age (years), mean ± SD 54.61 ± 9.62

Male sex, n (%) 124 (67.0)

BMI (kg/m2), mean ± SD 24.50 ± 4.31

HCV genotype

1, n (%) 74 (40.0)

3, n (%) 70 (37.8)

6, n (%) 41 (22.2)

HCV RNA (IU/mL), median (range) 1,240,000 (5,824–25,800,000)

<6,000,000 IU/mL, n (%) 160 (86.5)

�6,000,000 IU/mL, n (%) 25 (13.5)

Liver fibrosis stages

Significant to advanced fibrosis (F2-3), n (%) 75 (40.5)

Cirrhosis (F4), n (%) 110 (59.5)

CTP Class A, n (%) 91 (49.2)

CTP Class B, n (%) 19 (10.3)

MELD score (among cirrhosis), median (range) 8 (6–15)

Prior treatment history

Treatment-naïve, n (%) 150 (81.1)

Treatment-experienced, n (%) 35 (18.9)

Biochemical markers

Total bilirubin (mg/dL), median (range) 0.74 (0.11–2.54)

AST (U/L), median (range) 73 (13–336)

ALT (U/L), median (range) 76 (11–366)

ALP (U/L), median (range) 88 (38–319)

Albumin (g/dL), median (range) 4.30 (2.30–5.50)

INR, median (range) 1.07 (0.87–2.03)

WBC (/mm3), median (range) 6,190 (2,570–12,170)

Hemoglobin (g/dL), mean ± SD 13.54 ± 1.70

Platelet (x109/L), mean ± SD 172.46 ± 75.04

Creatinine (mg/dL), mean ± SD 0.91 ± 0.23

BMI: Body mass index; HCV: Hepatitis C virus

CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase

INR: International normalized ratio.

https://doi.org/10.1371/journal.pone.0229517.t001

Table 2. Treatment regimen administered to the patients.

Treatment regimen Genotype-1 (n = 74) Genotype-3 (n = 70) Genotype-6 (n = 41)

SOF+Peg-IFN+RBV 12 weeks 0 (0) 70 (100.0) 0 (0)

SOF+LDV 12 weeks 34 (45.9) 0 (0) 18 (43.9)

SOF+LDV+RBV 12 weeks 40 (54.1) 0 (0) 23 (56.1)

SOF: Sofosbuvir; Peg-IFN: Pegylated interferon; RBV: Ribavirin; LDV: ledipasvir.

https://doi.org/10.1371/journal.pone.0229517.t002
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SVR (p = 0.001). GT6 patients had lower SVR rates compared to patients infected with GT1

and GT3 (82.9%, 98.6% and 98.6% respectively) (Fig 1) and no association was found between

SVR and the other factors (p>0.05) such as gender, age�65 and >65 years, BMI <25 and

�25 kg/m2, presence or absence of cirrhosis, baseline HCV viral load, or prior treatment his-

tory. (Table 3) Further subgroup analysis in genotype 6 patients did not show any baseline fac-

tors significantly correlated with treatment failure. (Table 4)

Treatment tolerability and adverse events

With regard to tolerability, no patient had treatment discontinuation and almost all (96%) had

more than 80% adherence to prescribed medication. No serious adverse events were reported

in the present study, and details of AEs are shown in Table 5; fatigue was the most common

during treatment, followed by anemia and headache. Of the 14 patients (7.6%) who developed

anemia, ribavirin dose reduction and blood transfusion were required in six and one patients

respectively.

Discussion

In this study, the author analyzed the real-world efficacy of SOF-based regimens in Thai

chronic hepatitis C patients. Our study showed an overall SVR rate of 95.1%, which is not very

different from previous clinical trials and systematic reviews.[14–17, 26–29] Also, the current

study found that apart from GT6, SVR rates were not significantly different among different

baseline factors, included patients’ age, gender, BMI, liver fibrosis stage, viral loads and prior

treatment history.

Hepatitis C virus GT6 is predominantly encountered in Asia, including Thailand.[5,30]

Data for treatment efficacy of SOF-based regimens on GT6, however, are limited and based on

Fig 1. The sustained virological response among patients receiving SOF-based regimens according to HCV genotypes.

https://doi.org/10.1371/journal.pone.0229517.g001
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studies with small numbers of patients. A study from New Zealand, an open-label clinical trial,

included twenty-five GT6-infected patients, who were treated with 12 weeks of SOF+LDV and

achieved 96% SVR.[31] Another, the U.S. community-based real-world cohort study, evalu-

ated the effectiveness of SOF+LDV in 65 patients (98.5% were Vietnamese) with HCV GT6.

Most of these patients were treated with a 12-week regimen, and an overall SVR rate of 95%

was achieved.[32]

In contrast, an open-label cohort study from Myanmar revealed a poor SVR rate of only

64% for patients with GT6 who were treated with SOF+LDV for 12 weeks, and an even lower

rate of 42% in those with cirrhosis.[33] Hlaing et al. have postulated that the lower SVR rate in

their study compared to the study from New Zealand was a result of different prevalence levels

Table 3. Factors associated with sustained virological response.

Factors SVR (n = 176) Non-SVR (n = 9) p-value

Gender Male 119 (96.0) 5 (4.0) 0.480

Female 57(93.4) 4 (6.6)

Age �65 156 (95.1) 8 (4.9) 1.000

>65 20 (95.2) 1 (4.8)

BMI <25 70 (97.2) 2 (2.8) 0.486

�25 106 (93.8) 7 (6.2)

Liver fibrosis stage Non-cirrhosis 74 (98.7) 1 (1.3) 0.086

Cirrhosis 102 (92.7) 8 (7.3)

Genotype 1 73 (98.6) 1 (1.4) 0.001�

3 69 (98.6) 1 (1.4)

6 34 (82.9) 7 (17.1)

Viral load Low 152 (95.0) 8 (5.0) 1.000

High 24 (96.0) 1 (4.0)

Prior treatment history Naïve 145 (96.7) 5 (3.3) 0.067

Experienced 31 (88.6) 4 (11.4)

SVR: Sustained virological response; BMI: Body mass index.

https://doi.org/10.1371/journal.pone.0229517.t003

Table 4. Factors associated with sustained virological response in genotype 6 patients.

Factors SVR

(n = 34)

Non-SVR (n = 7) p-value

Gender Male 24 (85.7) 4 (14.3) 0.659

Female 10 (76.9) 3 (23.1)

Age �65 25 (80.6) 6 (19.4) 0.660

>65 9 (90.0) 1 (10.0)

BMI <25 13 (86.7) 2 (13.3) 1.000

�25 21 (80.8) 5 (19.2)

Liver fibrosis stage Non-cirrhosis 16 (94.1) 1 (5.9) 0.207

Cirrhosis 18 (75.0) 6 (25.0)

Viral load Low 27 (81.8) 6 (18.2) 1.000

High 7 (87.5) 1 (12.5)

Prior treatment history Naïve 27 (90.0) 3 (10.0) 0.069

Experienced 7 (63.6) 4 (36.4)

SVR: Sustained virological response; BMI: Body mass index.

https://doi.org/10.1371/journal.pone.0229517.t004
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of cirrhosis and variations in the subtypes of GT6 between the study populations. In an in

vitro study, the NS5A inhibitor LDV proved active against HCV GT6a with 50% effective con-

centration (EC50) values of 1.1 nmol/L, while it has relatively less antiviral activity against

GT6e with EC50 values of 264 nmol/L.[34] Among patients with GT6, a total of 89% of patients

in the study from Myanmar had GT6c-l (6c to 6l) which comprises GT6e subtype. GT6a was

not identified in this study, while 68% of patients had GT6c-l and 32% had GT6a or 6b in the

study from New Zealand. Similarly, an unsatisfactory response in GT6 patients (SVR rate of

89.2%) to the SOF+LDV (± RBV) demonstrated in our study might be explained by the het-

erogeneity of GT6 subtypes, resulting in diverse outcomes across different studies.[31–33]

Currently, the AASLD-IDSA and APASL recommend SOF+LDV (± RBV) for treatment of

GT6 patients; however, our data suggest that this regimen may be inadequate. In the era of

widely accessible DAAs, possibly newer, more effective regimens such as SOF plus velpatasvir

could be a preferable treatment option.[35]

The triple-drug therapy (SOF+Peg-IFN+RBV), despite higher incidences of AEs, was a very

potent regimen for GT3 patients with a total of 98.6% patients in our cohort achieving SVR,

and this is similar to the rate previously reported (SVR rate of 98.5%) in the study from Myan-

mar. In a previous real-world cohort study of 24 weeks of Peg-IFN+RBV combination therapy

in GT3 patients, an SVR rate of 69.7% was achieved. In that study, the author found that one

of the factors associated with treatment failure was non-compliance with more than 80% of all

prescribed medication, and this accounted for 25.2% in that study.[36] Unlike the findings of

our present study, the triple-drug (SOF+Peg-IFN+RBV) regimen for 12 weeks was generally

well tolerated, although 55.7% of patients had cirrhosis. None had treatment discontinuation

and almost all had good adherence to therapy. Our findings suggest that add-on SOF in the

shortened 12-week course of Peg-IFN+RBV yields fewer discontinuations and facilitates treat-

ment completion compared to historic regimens of 24-week duration. To date, the APASL still

recommends the combination of Peg-IFN+RBV±DAAs in countries with limited resources.

Our data showed impressive responses to this therapy, and we favor maintaining interferon-

containing regimens as the standard of care in GT3 patients in our country until a more cost-

effective treatment is available.

During the interferon era, HCV GT1 was considered the most difficult genotype to treat,

with combined Peg-IFN+RBV treatment for 48 weeks leading to about 40% SVR.[6] Since the

DAAs against HCV GT1 have been developed, the combination of those drugs without Peg-

IFN has improved SVR rates and shortened treatment duration. From our cohort, patients

with GT1 treated with SOF+LDV (± RBV) for 12 weeks had SVR rates of 98.6%, comparable

to the efficacy previously demonstrated in many clinical trials.[15,28,29] Currently, the AASL-

D-IDSA and APASL recommend SOF+LDV (± RBV) for 12 weeks to treat GT1, therefore our

current experience confirms the validity of those recommendations in a real-world setting.

Table 5. Adverse events of therapy.

SOF+Peg-IFN+RBV (n = 70) SOF+LDV (n = 52) SOF+LDV+RBV (n = 63) Total (N = 185)

Fatigue 17 (24.3) 4 (7.7) 6 (9.5) 27 (14.6)

Anemia 9 (12.9) 0 (0.0) 5 (7.9) 14 (7.6)

Headache 6 (8.6) 3 (5.8) 4 (6.3) 13 (7.0)

Flu-like symptoms 12 (17.1) 0 (0.0) 0 (0.0) 12 (6.5)

Nausea 7 (10.0) 1 (1.9) 2 (3.2) 10 (5.4)

Neutropenia 6 (8.6) 0 (0.0) 0 (0.0) 6 (3.2)

SOF: Sofosbuvir; Peg-IFN: Pegylated interferon; RBV: Ribavirin; LDV: ledipasvir.

https://doi.org/10.1371/journal.pone.0229517.t005
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With regard to baseline characteristics that predicted response to treatment, bivariate analy-

sis showed that GT6 was significantly correlated with a lower response rate to SOF-based ther-

apy compared with GT1 and GT3 patients (p = 0.001). (Table 3) However, we did not find

other factors associated with treatment outcome to incorporate into the multivariable logistic

regression analysis, and our data may not be powerful enough to confirm this conclusion; nev-

ertheless, the study from Myanmar also found that GT6 was a negative independent predictor

of response to SOF-based regimen, identified by multivariable logistic regression analysis with

an OR of 0.35 (95%CI: 0.16–0.79, p = 0.012),[33] so that, in clinical practice, when choosing

the best treatment for an individual patient, baseline patient characteristics, especially geno-

type, should be taken into account.

The common AEs found in all treatment groups were fatigue (14.6%) and headache (7.0%).

Among patients taking SOF+Peg-IFN+RBV, flu-like symptoms and neutropenia, well-known

side-effects of Peg-IFN; were found in a minority of patients, furthermore, they were mild and

did not lead to discontinuation of treatment in any of the study population. In addition, RBV-

associated anemia was successfully managed through RBV dose reductions and only one

patient who took SOF+Peg-IFN+RBV required a blood transfusion. These data underscore

the fact that the shortened 12-week duration of SOF-based therapy, even in patients with cir-

rhosis, facilitates treatment completion despite the expected side-effects of both Peg-IFN and

RBV.

While our study represents the first real-world experience and provides helpful information

about the efficacy and safety of SOF-based DAA regimens in the treatment of chronic HCV

infection in Thai patients, our findings had several limitations. Firstly, the observational nature

of the study design was a limiting factor; furthermore, all patients were Thai and all were

treated at a single tertiary center in Bangkok, so these findings may not be generalizable to

other patient populations. In addition, while our sample size was large enough to evaluate the

SOF-based treatment efficacy in a real-world setting, we acknowledge that our study was not

designed to estimate variations in outcomes between different treatment strategies, such as tri-

ple-drug therapy (SOF+Peg-IFN+RBV) or SOF+LDV regimen with RBV or without RBV, and

no conclusion can therefore be drawn with respect to this important aspect. There is another

concern about the over-diagnosis of cirrhosis (59.5%) in our study population, that based on

VCTE�13.5 kPa according to the Thailand practice guideline for the management of chronic

hepatitis C 2018 and this proposed cut-off (11.9–14.8 kPa) offer a PPV ranging from 52% to

85%. Therefore, VCTE above this cut-off may not be enough to confirm the presence of cir-

rhosis, reflects from the baseline laboratory results of our patients, the median serum albumin

and platelet count were 4.3 g/dL and 172 x 109/L, respectively, which are corresponding to

mild-to-moderate fibrosis. Finally, we hypothesized that the poorer response to SOF-based

therapy in GT6 patients might be due to the heterogeneity of GT6 subtypes, and that our GT6

population may have had the important components of GT6e subtype similar to the study

from Myanmar(33); however, we did not have the details about HCV subtypes in our current

data to support this hypothesis.

In conclusion, our study demonstrated that Sofosbuvir-based regimens in the treatment of

patients with chronic HCV infection were highly efficacious with excellent safety and tolerabil-

ity profiles in a real-world setting. Whether or not such regimens are adequate for treatment of

all genotype 6 patients needs to be further explored.
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6. Bourlière M, Ouzan D, Rosenheim M, Doffoël M, Marcellin P, Pawlotsky JM, et al. Pegylated interferon-

α2a plus ribavirin for chronic hepatitis C in a real-life setting: the Hepatys French cohort (2003–2007).

Antivir Ther. 2012; 17(1):101–10. https://doi.org/10.3851/IMP1935 PMID: 22267474

7. Andriulli A, Mangia A, Iacobellis A, Ippolito A, Leandro G, Zeuzem S. Meta-analysis: the outcome of

anti-viral therapy in HCV genotype 2 and genotype 3 infected patients with chronic hepatitis. Aliment

Pharmacol Ther 2008; 28:397–404. https://doi.org/10.1111/j.1365-2036.2008.03763.x PMID:

18549461

8. Ridruejo E, Adrover R, Cocozzella D, Fernandez N, Reggiardo MV. Efficacy, tolerability and safety in

the treatment of chronic hepatitis C with combination of PEG-interferon—Ribavirin in daily practice. Ann

Hepatol. 2010; 9:46–51. PMID: 20308722

9. European Association for the Study of the Liver. EASL Recommendations on Treatment of Hepatitis C

2016. J Hepatol. 2017; 66:153–194. https://doi.org/10.1016/j.jhep.2016.09.001 PMID: 27667367

10. AASLD/IDSA HCV Guidance Panel. Hepatitis C Guidance 2018 Update: AASLD-IDSA Recommenda-

tions for Testing, Managing, and Treating Hepatitis C Virus Infection. Clin Infect Dis. 2018; 67:1477–92.

https://doi.org/10.1093/cid/ciy585 PMID: 30215672

11. Ferreira VL, Assis Jarek NA, Tonin FS, Borba HH, Wiens A, Pontarolo R. Safety of interferon-free thera-

pies for chronic hepatitis C: a network meta-analysis. J Clin Pharm Ther. 2016; 41:478–85. https://doi.

org/10.1111/jcpt.12426 PMID: 27440554

12. Kumthip K, Chusri P, Pantip C, Thongsawat S, O’Brien A, Nelson KE, et al. Hepatitis C virus genotypes

circulating in patients with chronic hepatitis C in Thailand and their responses to combined PEG-IFN

and RBV therapy. J Med Virol. 2014; 86:1360–5. https://doi.org/10.1002/jmv.23962 PMID: 24777626

13. Omata M, Kanda T, Wei L, Yu ML, Chuang WL, Ibrahim A, et al. APASL consensus statements and rec-

ommendation on treatment of hepatitis C. Hepatol Int. 2016; 10:702–26. https://doi.org/10.1007/

s12072-016-9717-6 PMID: 27130427

Sofosbuvir-based regimens in the treatment of patients with chronic hepatitis C virus infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0229517 February 27, 2020 10 / 12

https://doi.org/10.1016/S2468-1253(16)30181-9
https://doi.org/10.1016/S2468-1253(16)30181-9
http://www.ncbi.nlm.nih.gov/pubmed/28404132
https://doi.org/10.1371/journal.pone.0126764
https://doi.org/10.1371/journal.pone.0126764
http://www.ncbi.nlm.nih.gov/pubmed/25962112
https://doi.org/10.3851/IMP1935
http://www.ncbi.nlm.nih.gov/pubmed/22267474
https://doi.org/10.1111/j.1365-2036.2008.03763.x
http://www.ncbi.nlm.nih.gov/pubmed/18549461
http://www.ncbi.nlm.nih.gov/pubmed/20308722
https://doi.org/10.1016/j.jhep.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/27667367
https://doi.org/10.1093/cid/ciy585
http://www.ncbi.nlm.nih.gov/pubmed/30215672
https://doi.org/10.1111/jcpt.12426
https://doi.org/10.1111/jcpt.12426
http://www.ncbi.nlm.nih.gov/pubmed/27440554
https://doi.org/10.1002/jmv.23962
http://www.ncbi.nlm.nih.gov/pubmed/24777626
https://doi.org/10.1007/s12072-016-9717-6
https://doi.org/10.1007/s12072-016-9717-6
http://www.ncbi.nlm.nih.gov/pubmed/27130427
https://doi.org/10.1371/journal.pone.0229517


14. Foster GR, Pianko S, Brown A, Forton D, Nahass RG, George J, et al. Efficacy of sofosbuvir plus ribavi-

rin with or without peginterferon-alfa in patients with hepatitis C virus genotype 3 infection and treat-

ment-experienced patients with cirrhosis and hepatitis C virus genotype 2 infection. Gastroenterology.

2015; 149:1462–70. https://doi.org/10.1053/j.gastro.2015.07.043 PMID: 26248087

15. Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bernstein DE, Lawitz E, et al. Ledipasvir and sofosbu-

vir for 8 or 12 weeks for chronic HCV without cirrhosis. N Engl J Med. 2014; 370:1879–88. https://doi.

org/10.1056/NEJMoa1402355 PMID: 24720702

16. Zeuzem S, Dusheiko GM, Salupere R, Mangia A, Flisiak R, Hyland RH, et al. Sofosbuvir and ribavirin in

HCV genotypes 2 and 3. N Engl J Med. 2014; 370:1993–2001. https://doi.org/10.1056/

NEJMoa1316145 PMID: 24795201

17. Abergel A, Metivier S, Samuel D, Jiang D, Kersey K, Pang PS, et al. Ledipasvir plus sofosbuvir for 12

weeks in patients with hepatitis C genotype 4 infection. Hepatology. 2016; 64:1049–56. https://doi.org/

10.1002/hep.28706 PMID: 27351341

18. Swain MG, Lai MY, Shiffman ML, Cooksley WG, Zeuzem S, Dieterich DT, et al. A sustained virologic

response is durable in patients with chronic hepatitis C treated with peginterferon alfa-2a and ribavirin.

Gastroenterology. 2010; 139:1593–601. https://doi.org/10.1053/j.gastro.2010.07.009 PMID: 20637202

19. Kemp W, Levy M, Weltman M, Lubel J. Australian Liver Association (ALA) expert consensus recom-

mendations for the use of transient elastography in chronic viral hepatitis. J Gastroenterol Hepatol.

2015; 30:453–62. https://doi.org/10.1111/jgh.12865 PMID: 25532416

20. Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F, Kazemi F, et al. Noninvasive assessment of

liver fibrosis by measurement of stiffness in patients with chronic hepatitis C. Hepatology. 2005; 41:48–

54. https://doi.org/10.1002/hep.20506 PMID: 15690481

21. Talwalkar JA, Kurtz DM, Schoenleber SJ, West CP, Montori VM. Ultrasound-based transient elastogra-

phy for the detection of hepatic fibrosis: systematic review and meta-analysis. Clin Gastroenterol Hepa-

tol 2007; 5:1214–20. https://doi.org/10.1016/j.cgh.2007.07.020 PMID: 17916549

22. Friedrich-Rust M, Ong MF, Martens S, Sarrazin C, Bojunga J, Zeuzem S, et al. Performance of transient

elastography for the staging of liver fibrosis: a meta-analysis. Gastroenterology. 2008; 134:960–74.

https://doi.org/10.1053/j.gastro.2008.01.034 PMID: 18395077

23. Castera L, Forns X, Alberti A. Non-invasive evaluation of liver fibrosis using transient elastography. J

Hepatol. 2008; 48:835–47. https://doi.org/10.1016/j.jhep.2008.02.008 PMID: 18334275

24. Seo YS, Kim MY, Kim SU, Hyun BS, Jang JY, Lee JW, et al. Accuracy of transient elastography in

assessing liver fibrosis in chronic viral hepatitis: A multicentre, retrospective study. Liver Int. 2015;

35:2246–55. https://doi.org/10.1111/liv.12808 PMID: 25682719

25. European Association for Study of the Liver, Asociacion Latinoamericana para el Estudio del H. EASL-

ALEH Clinical Practice Guidelines: non-invasive tests for evaluation of liver disease severity and prog-

nosis. J Hepatol. 2015; 63:237–64. https://doi.org/10.1016/j.jhep.2015.04.006 PMID: 25911335

26. Ferreira VL, Tonin FS, Assis Jarek NA, Ramires Y, Pontarolo R. Efficacy of interferon-free therapies for

chronic hepatitis C: a systematic review of all randomized clinical trials. Clin Drug Investig. 2017;

37:635–46. https://doi.org/10.1007/s40261-017-0521-4 PMID: 28409482

27. Ferreira VL, Assis Jarek NA, Tonin FS, Borba HH, Wiens A, Muzzillo DA, et al. Ledipasvir/sofosbuvir

with or without ribavirin for the treatment of chronic hepatitis C genotype 1: a pairwise meta-analysis. J

Gastroenterol Hepatol. 2017; 32:749–55. https://doi.org/10.1111/jgh.13620 PMID: 27785825

28. Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin N, Puoti M, et al. Ledipasvir and sofosbuvir for untreated

HCV genotype 1 infection. N Engl J Med. 2014; 370:1889–98. https://doi.org/10.1056/NEJMoa1402454

PMID: 24725239

29. Mizokami M, Yokosuka O, Takehara T, Sakamoto N, Korenaga M, Mochizuki H, et al. Ledipasvir and

sofosbuvir fixed-dose combination with and without ribavirin for 12 weeks in treatment-naive and previ-

ously treated Japanese patients with genotype 1 hepatitis C: an open-label, randomised, phase 3 trial.

Lancet Infect Dis. 2015; 15:645–53. https://doi.org/10.1016/S1473-3099(15)70099-X PMID: 25863559

30. Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, Pybus OG, et al. Global distribution and

prevalence of hepatitis C virus genotypes. Hepatology. 2015; 61:77–87. https://doi.org/10.1002/hep.

27259 PMID: 25069599

31. Gane EJ, Hyland RH, An D, Svarovskaia E, Pang PS, Brainard D, et al. Efficacy of ledipasvir and sofos-

buvir, with or without ribavirin, for 12 weeks in patients with HCV genotype 3 or 6 infection. Gastroenter-

ology. 2015; 149:1454–61. https://doi.org/10.1053/j.gastro.2015.07.063 PMID: 26261007

32. Wong RJ, Nguyen MT, Trinh HN, Huynh A, Ly MT, Nguyen HA, et al. Community-based real-world

treatment outcomes of sofosbuvir/ledipasvir in Asians with chronic hepatitis C virus genotype 6 in the

United States. J Viral Hepat. 2017; 24:17–21. https://doi.org/10.1111/jvh.12609 PMID: 27677786

Sofosbuvir-based regimens in the treatment of patients with chronic hepatitis C virus infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0229517 February 27, 2020 11 / 12

https://doi.org/10.1053/j.gastro.2015.07.043
http://www.ncbi.nlm.nih.gov/pubmed/26248087
https://doi.org/10.1056/NEJMoa1402355
https://doi.org/10.1056/NEJMoa1402355
http://www.ncbi.nlm.nih.gov/pubmed/24720702
https://doi.org/10.1056/NEJMoa1316145
https://doi.org/10.1056/NEJMoa1316145
http://www.ncbi.nlm.nih.gov/pubmed/24795201
https://doi.org/10.1002/hep.28706
https://doi.org/10.1002/hep.28706
http://www.ncbi.nlm.nih.gov/pubmed/27351341
https://doi.org/10.1053/j.gastro.2010.07.009
http://www.ncbi.nlm.nih.gov/pubmed/20637202
https://doi.org/10.1111/jgh.12865
http://www.ncbi.nlm.nih.gov/pubmed/25532416
https://doi.org/10.1002/hep.20506
http://www.ncbi.nlm.nih.gov/pubmed/15690481
https://doi.org/10.1016/j.cgh.2007.07.020
http://www.ncbi.nlm.nih.gov/pubmed/17916549
https://doi.org/10.1053/j.gastro.2008.01.034
http://www.ncbi.nlm.nih.gov/pubmed/18395077
https://doi.org/10.1016/j.jhep.2008.02.008
http://www.ncbi.nlm.nih.gov/pubmed/18334275
https://doi.org/10.1111/liv.12808
http://www.ncbi.nlm.nih.gov/pubmed/25682719
https://doi.org/10.1016/j.jhep.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/25911335
https://doi.org/10.1007/s40261-017-0521-4
http://www.ncbi.nlm.nih.gov/pubmed/28409482
https://doi.org/10.1111/jgh.13620
http://www.ncbi.nlm.nih.gov/pubmed/27785825
https://doi.org/10.1056/NEJMoa1402454
http://www.ncbi.nlm.nih.gov/pubmed/24725239
https://doi.org/10.1016/S1473-3099(15)70099-X
http://www.ncbi.nlm.nih.gov/pubmed/25863559
https://doi.org/10.1002/hep.27259
https://doi.org/10.1002/hep.27259
http://www.ncbi.nlm.nih.gov/pubmed/25069599
https://doi.org/10.1053/j.gastro.2015.07.063
http://www.ncbi.nlm.nih.gov/pubmed/26261007
https://doi.org/10.1111/jvh.12609
http://www.ncbi.nlm.nih.gov/pubmed/27677786
https://doi.org/10.1371/journal.pone.0229517


33. Hlaing NKT, Mitrani RA, Aung ST, Phyo WW, Serper M, Kyaw AMM, et al. Safety and efficacy of sofos-

buvir-based direct-acting antiviral regimens for hepatitis C virus genotypes 1–4 and 6 in Myanmar:

Real-world experience. J Viral Hepat. 2017; 24:927–35. https://doi.org/10.1111/jvh.12721 PMID:

28475232

34. Cheng G, Tian Y, Doehle B, Peng B, Corsa A, Lee YJ, et al. In Vitro Antiviral Activity and Resistance

Profile Characterization of the Hepatitis C Virus NS5A Inhibitor Ledipasvir. Antimicrob Agents Che-

mother. 2016; 60:1847–53. https://doi.org/10.1128/AAC.02524-15 PMID: 26824950
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