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Abstract
Background

Newer direct-acting antiviral therapies are increasingly becoming the therapy of choice in
patients with hepatitis C virus (HCV) infection. Here, we report the safety and effectiveness
of sofosbuvir/velpatasvir (SOF/VEL) and ledipasvir/sofosbuvir (LDV/SOF) in real-world
cohorts in Germany.

Methods

Patients initiated on SOF/VEL 12 weeks or LDV/SOF 8, 12 or 24 weeks regimens in a single
German centre were included in this study. Data on treatment outcomes and adverse events
(AE) were analysed in patients with available sustained virologic response 12 weeks after
cessation of treatment (SVR12) information overall and by subgroups.

Results

This study included 115 patients who received SOF/VEL from July-2016 to July-2017, and
249 patients who received LDV/SOF from November-2014 to September-2015. Overall,
SVR12 was achieved in 99% of patients on SOF/VEL = ribavirin 12 weeks independent of
HCV genotype, treatment history, or cirrhosis status, and in 96% of patients treated with
LDV/SOF 8 weeks or LDV/SOF # ribavirin 12 or 24 weeks. In genotype 1 treatment-naive,
non-cirrhotic patients, >99% achieved SVR12 across SOF/VEL and LDV/SOF regimens.
Likewise, 100% of genotype 3-cirrhotic patients on SOF/VEL # ribavirin regimens achieved
SVR12. Grade 3/4 AE were reported in 13 (5.2%) patients on LDV/SOF and in 1 (<1%)
patient on SOF/VEL.

Conclusion

Overall, SOF/VEL and LDV/SOF achieved high SVR rates in a broad patient population. We
showed the effectiveness of SOF/VEL as a pan-genotypic regimen, and regardless of
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treatment history or cirrhosis status. Use of such therapies improves outcomes and contrib-
utes towards the global efforts to eradicate HCV.

Introduction

Hepeatitis C virus (HCV) infection remains a public health issue with a global prevalence of
1%, amounting to approximately 71 million infected people worldwide [1]. In Germany, more
than 245,000 people are estimated to be infected with the virus [2].

Approved in 2014, the efficacy and safety of ledipasvir/sofosbuvir (LDV/SOF) single tablet
regimen (STR) in chronic hepatitis C (CHC) treatment have been demonstrated in a number
of clinical trials, with > 94% of patients achieving sustained virologic response 12 weeks after
cessation of treatment (SVR12) across patient HCV genotypes (GT) 1,4,5, and 6, treatment his-
tory (treatment-naive [TN] or treatment-experienced [TE]), or cirrhosis status [3-9]. The
European Summary of Product Characteristics (SmPC) recommends LDV/SOF = ribavirin
(RBV) for adult patients with HCV GT 1, 3, 4, 5, and 6, with treatment duration of 8, 12, or 24
weeks, depending on HCV GT, treatment history, or cirrhosis status [10].

Sofosbuvir/velpatasvir (SOF/VEL), approved in 2016, is the first pan-genotypic, protease
inhibitor (PI)-free, all-oral STR with a 12-week treatment duration across all CHC patients,
independent of cirrhosis status, treatment history, or baseline resistance-associated substitutions
(RAS) [11]. As such, it is one of the direct-acting antivirals (DAAs) recently recommended by
World Health Organization (WHO) for the treatment and elimination of HCV [12]. In clinical
trials, SOF/VEL demonstrated high SVR12 rates of 94-100% regardless of patient HCV GT,
treatment history, cirrhosis status, or co-infection status [13-16]. Real-world patient cohorts
treated with SOF/VEL regimens further corroborated these findings, reporting similarly high
effectiveness and safety profiles across patient types as that observed in the clinical trials [17, 18].

Although several studies have confirmed the real-world effectiveness and safety of DAAs
across different HCV infected subpopulations in Germany [19, 20], real-world outcomes of
patients treated with SOF/VEL in a broad patient population are limited. To our knowledge,
only one other study has been published on treatment with SOF/VEL among German patients,
showing high SVR12 rates in HCV GT 3 (99.5% in the per protocol analysis) [21]. Our study
reports the safety and effectiveness of SOF/VEL and LDV/SOF regimens in a real-world CHC
patient population of mixed genotype, treatment history, and cirrhotic status treated at a single
centre in Germany.

Materials and methods
Study design and patients

This was a retrospective observational single-centre study of consecutive patients treated for
CHC at the IFI Institut fiir Interdisziplindre Medizin, Hamburg, Germany, with either SOF/
VEL or LDV/SOF, + RBV. Patients who completed treatment and have valid SVR12 status, or
discontinued treatment due to adverse events (AE) or lack of adherence were included in the
study.

Data collection

Baseline data were collected from patients’ case notes and included patient characteristics at
initiation of SOF/VEL and LDV/SOF therapies (age, gender, ethnicity, GT, co-infection with
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HIV or HBV, baseline HCV RNA, blood test results, liver disease status, comorbidities), and
previous HCV therapies (number and type of treatment, as well as associated response). Data
related to treatment outcomes and AE were collected during patients’ follow up and assessed
at data cut-off. HCV RNA was qualitatively measured by Roche COBAS AmpliPrep/COBAS
TagMan with a cut-off of <12 IU/ml. Fibrosis was measured by FibroScan with cut-off values
for METAVIR stage F3 or less of <12.3kPa. RAS testing were performed after treatment with
SOF/VEL or LDV/SOF, following previously documented methods [22, 23].

Assessment of outcomes

The primary outcome of interest was the proportion of patients achieving SVR12. The inci-
dence and type of grade 3 or 4 AEs, treatment discontinuation and/or hospitalisation were col-
lected by the study centre through a standardised questionnaire and quality-controlled by a
study coordinator. The relationship of HCV therapy to each AE was assessed by the study
investigator and categorised as “probably”, “possibly”, “unrelated” or “unknown”. Non-adher-
ence was assessed upon the discretion of the investigators and based on patient adherence to
medical appointments, patient statements, and congruence to the prescriptions.

Statistical analysis

Descriptive statistics were used to analyse the outcomes according to treatment duration (8
weeks, 12 weeks and 24 weeks), GT, treatment history (TN vs. TE), and METAVIR stage (FO,
F1, F2, F3, and F4) at baseline. Significant differences at baseline between treatment arms for
continuous variables were tested through an ANOVA procedure. Chi-squared test was per-
formed for categorical variables when the number of patients per category was big enough.
The proportion of patients achieving SVR12 was determined overall, well as by treatment
duration, treatment history, and METAVIR stage.

Results
Baseline characteristics

The study included 115 patients on SOF/VEL and 249 patients on LDV/SOF with available
SVR12 data at end of follow-up, or who had discontinued treatment due to AE or lack of
adherence (Table 1). Median age of patients ranged from 50-56 years across different treat-
ment regimens, and proportion of male patients ranged from 42.6% in LDV/SOF 8 weeks, to
85.7% in SOF/VEL 12 weeks + RBV. In terms of GT distribution, the majority of patients on
SOF/VEL regimens were GT3 (73.9%), while most patients on LDV/SOF regimens were GT1
(85.9%).

The majority of patients treated with SOF/VEL or LDV/SOF 8 weeks were TN (range:
74.3% among SOF/VEL 12 weeks + RBV, to 97.7% among LDV/SOF 8 weeks), while most
patients treated with LDV/SOF + RBV 12 or 24 weeks were TE (63.3%). Among the TE
patients across all regimens in this study, most did not receive a previous DAA (range: 77.8%
among SOF/VEL 12 weeks + RBV, to 100% among LDV/SOF 8 weeks). Distribution of cir-
rhotic patients also differed by regimens, comprising the majority of patients treated with
SOF/VEL 12 weeks + RBV (94.3%), followed by LDV/SOF + RBV 12 or 24 weeks (46.7%), and
SOF/VEL 12 weeks (21.2%).

Presence of HIV co-infection was reported in 5.2% (n = 6) of SOF/VEL 12 weeks patients,
and 4.8% (n = 12) of LDV/SOF patients (5 on LDV/SOF 8 weeks, 7 on LDV/SOF + RBV 12 or
24 weeks). Presence of HBV co-infection was reported in 1.2% (n = 3) of LDV/SOF patients (2
on LDV/SOF 8 weeks, 1 on LDV/SOF + RBV 12 or 24 weeks).
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Table 1. Baseline characteristics of chronic hepatitis C patients treated at a single centre in Germany.

Baseline characteristics SOF/VEL SOF/VEL+RBV LDV/SOF LDV/SOF+RBV
12 weeks 12 weeks 8 weeks 12 or 24 weeks
(n=80) (n=35) (n=129) (n=120)
Age, Median (Min-Max) + 52 (26-76) 50 (28-68) 51 (22-77) 56 (28-79)
Males, n (%) * 50 (62.5) 30 (85.7) 55 (42.6) 78 (65.0)
Ethnic group, n (%)
White 71 (88.8) 33 (94.3) 128 (99.2) 120 (100)
Other 9(11.2) 2(5.7) 1(0.8) 0(0.0)
Genotype, n (%)
1 11 (13.7) 1(2.9) 127 (98.5) 87 (72.5)
2 12 (15.0) 0(0.0) 0(0.0) 0(0.0)
3 51 (63.8) 34 (97.1) 0(0.0) 24 (20.0)
4 1(1.2) 0(0.0) 2(1.5) 9(7.5)
5 2(2.5) 0(0.0) 0 (0.0) 0(0.0)
6 3(3.8) 0(0.0) 0 (0.0) 0(0.0)
METAVIR Score, n (%) +
Fo 28 (35.0) 0(0.0) 71 (55.0) 27 (22.5)
F1 10 (12.5) 0(0.0) 28 (21.7) 11 (9.1)
F2 14 (17.5) 0(0.0) 20 (15.5) 9(7.5)
F3 11 (13.8) 2(5.7) 10 (7.8) 17 (14.2)
F4 17 (21.2) 33 (94.3) 0(0.0) 56 (46.7)
F4 and decompensated 1(1.2) 6(17.1) 0 (0.0) 3(2.5)
Biological measures -I'
Baseline HCV RNA (log10 IU/ml) 6.07 5.84 5.87 6.01
Median (Q1-3; Min-Max) (5.17-6.49; 1.81-7.56) (4.96-6.55; 2.73-6.98) (5.88-5.40; 1.04-7.27) (5.44-6.37; 2.87-7.52)
Baseline Bilirubin (mg/dL) 0.55 0.7 0.5 0.6
Median (Q1-3; Min-Max) (0.40-0.75; 0.20-1.80) (0.50-0.90; 0.30-2.90) (0.40-0.70; 0.20-1.80) (0.40-0.90; 0.20-4.10)
Baseline Albumin (g/L) 38.85 35.85 39.2 37.4
Median (Q1-3; Min-Max) (35.45-41.50; 26.00-50.10) (32.5-38.70; 23.60-44.20) (37.30-41.50; 0.00-55.70) (34.00-39.60; 22.40-48.30)
Baseline Platelets (10°/L) 205 107 224 167
Median (Q1-3; Min-Max) (139.50-247.00; 34.00-444.00) | (67.00-145.00; 25.00-267.00) | (200.00-258.00; 95.00-426.00) | (126.00-241.00; 25.00-890.00)
Platelet count >150 x 10°/L, n (%) 57 (71.3) 8(22.9) 120 (93.0) 72 (60.0)
Previous treatment status, n (%) =|=
TN 70 (87.5) 26 (74.3) 126 (97.7) 44 (36.7)
TE 10 (12.5) 9 (25.7) 3(2.3) 76 (63.3)
No previous DAA therapy 8 (80.0) 7 (77.8) 3 (100) 70 (92.1)
Previous DAA therapy 2(20.0) 2(22.2) 0 (0.0) 6(7.9)
Previous NS5A 1 (50.0) 1 (50.0) 0 (0.0) 2(33.3)
Previous non-NS5A 1 (50.0) 1 (50.0) 0 (0.0) 4 (66.7)
Presence of co-infection, n (%)
HIV 6(7.5) 0(0.0) 5(3.9) 7 (5.8)
HBV 0(0.0) 0(0.0) 0(0.0) 3(2.5)

DAA: direct-acting antiviral; dL: deciliter; g: gram; HBV: hepatitis B virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus; IU: international unit; L: liter;

LDV: ledipasvir; mg: milligram; ml: milliliter; NS5A: nonstructural protein 5A; Q1-3: first quartile-third quartile; RBV: ribavirin; RNA: ribonucleic acid; SOF:

sofosbuvir; TE: treatment-experienced; TN: treatment-naive; VEL: velpatasvir

'I' Continuous variables: significant difference between treatment arms (at the significance level of 0.05) was found for the age, baseline bilirubin, baseline albumin and

baseline platelets whereas there was no significant difference between treatment arms for baseline HCV RNA

=|= Categorical variables: significant difference between treatment arms (at significance level of 0.05) was found for the gender, the experienced status and the METAVIR

score

https://doi.org/10.1371/journal.pone.0214795.t001
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Effectiveness results

Among the 115 patients receiving SOF/VEL regimens, 80 patients were treated with SOF/VEL
12 weeks, and 35 with SOF/VEL + RBV 12 weeks. Three SOF/VEL patients discontinued treat-
ment; 2 SOF/VEL without RBV patients (1 due to lack of adherence and 1 due to AEs [sleep
disorder and mouth dryness]) and 1 SOF/VEL + RBV patient (due to lack of adherence).
Thus, a total of 112 patients treated with SOF/VEL regimens completed the full treatment
course and were included in the final per-protocol analyses (based on patients who completed
treatment and had valid SVR12 data). SVR12 was achieved in 99.1% (111/112) of patients
overall on SOF/VEL + RBV 12 weeks, across all GT and patient subpopulations (Fig 1). The
patient who did not achieve SVR12 was a 69 year-old who was GT1, cirrhotic, TN, treated
without RBV, and had the following RAS identified: Q80 K, Y93H, Y561H. Similar findings
were observed in an intention-to-treat analysis (based on patients who completed treatment
and had valid SVR12 data, or discontinued treatment due to AE or lack of adherence), with
SVR12 achieved in 96.5% (111/115) of SOF/VEL + RBV 12 weeks patients.

Among the 249 LDV/SOF patients participating in the study, 129 (49.8%) received LDV/
SOF 8 weeks and 120 (50.2%) received LDV/SOF + RBV for 12 or 24 weeks. All LDV/SOF
patients completed treatment and had valid SVR12 data, and were included in the final per-
protocol analyses. Overall SVR12 rate was 99.2% (128/129) for patients on LDV/SOF 8 weeks,
and 93% (111/120) for patients on LDV/SOF + RBV 12 or 24 weeks. Among the 9 patients
who did not achieve SVR12 under LDV/SOF + RBV 12 or 24 weeks regimens, 6 were treated
with LDV/SOF + RBV 12 weeks (4 patients were GT 1, TE [3 cirrhotics, 1 non-cirrhotic]; 2
patients were GT 3 and cirrhotic [1 TE, 1 TN]), and the remaining 3 with LDV/SOF + RBV 24
weeks (1 patient was GT 1, cirrhotic, TE; 2 patients were GT 3 and cirrhotic [1 TE, 1 TN]).

Overall  GTI G2 GI3  GT4 GTS GT6

Fig 1. Proportion achieving SVR12 among SOF/VEL patients overall, and by genotype treated at a single centre in Germany. GT1: genotype 1;
GT2: genotype 2; GT3: genotype 3; GT4: genotype 4; GT5: genotype 5; GT6: genotype 6; SVR12: sustained virologic response at 12 weeks. 'One
patient did not achieve SVR with the following characteristics; male, 69 years old, white, GT1a, F4-CC and TN.

https://doi.org/10.1371/journal.pone.0214795.9001
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RAS mutations were observed in 7 out of these 9 patients, and one patient had missing RAS
data: L31 M (n=2),N558 S (n=1), Q30 R, H58Y (n=1),Q80L,L 31 M (n=1),and Q 80K,
Q 30, H58Y (n=1).

Among GT1, TN, non-cirrhotic patients, >99% across all SOF/VEL or LDV/SOF regimens
achieved SVR12 (Fig 2) Additionally, among the 40 cirrhotic GT 3 patients treated with SOF/
VEL regimens (9 treated with SOF/VEL 12 weeks, 31 treated with SOF/VEL 12 weeks + RBV),
all achieved SVR12.

Opverall, 10 patients in this study previously failed a DAA therapy. Four of these patients
were given SOF/VEL regimens (2 received a previous NS5A, and 2 received a previous non-
NS5A), and 6 were given LDV/SOF 12 or 24 weeks + RBV in this study (2 received a previous
NS5A, and 4 received a previous non-NS5A). Among these patients, only 1 failed to achieve
SVRI12 (54 year old white woman on LDV/SOF 12 weeks + RBV, had GT1b and decompen-
sated cirrhosis, was previously treated with daclatasvir, and had RAS testing after her first
treatment with the following RAS identified: Q30R and L31M).

HIV co-infection was reported in 18 patients (6 on SOF/VEL regimens, and 12 on LDV/
SOF regimens), and HBV co-infection in 3 LDV/SOF patients. One patient treated with LDV/
SOF + RBV 12 weeks was co-infected with both HIV and HBV. All 20 co-infected patients
achieved SVR12.

Safety results

As shown in Table 2, only 1 (0.6%) SOF/VEL patient experienced any grade 3/4 AE, 13 (5.2%)
LDV/SOF patients reported at least one grade 3/4 AE. In LDV/SOF patients, these AEs were
‘probably’ or ‘possibly” related to treatment for 77% (10/13) of them and ‘probably’ or ‘possibly’

100%

80%

60%

40%

Proportionachieving SVR12 (%)

20%

0%
SOF/VEL 12 weeks = RBV LDV/SOF 8 weeks LDV/SOF 12 weeks + RBV

Fig 2. Proportion achieving SVR12 among GT1, treatment-naive, non-cirrhotic patients on LDV/SOF or SOF/VEL treated at a single centre in
Germany. LDV: ledipasvir; SOF: sofosbuvir; SVR12: sustained virological response at 12 weeks; VEL: velpatasvir.

https://doi.org/10.1371/journal.pone.0214795.9002
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Table 2. Adverse events reported among chronic hepatitis C patients treated at a single centre in Germany.

Adverse events, n (%) SOF/VEL LDV/SOF overall
overall (n =115) (n=249)
Patients with any AEs (Grades 3 & 4) 1(0.9) 13 (5.2)
AEs ’probably’ or ’possibly’ related to treatment 2/2 (100) 10/13 (76.9)
AEs ’possibly’ or ’possibly’ related to SOF-treatment 2/2 (100) 3/13 (23.1)
AEs leading to discontinuation 2/2 (100) 0/13 (0.0)
AEs leading to hospitalization 0/2 (0.0) 0/13 (0.0)
Death 0/2 (0.0) 0/13 (0.0)

AEs: adverse events; LDV: ledipasvir; SOF: sofosbuvir; VEL: velpatasvir

https://doi.org/10.1371/journal.pone.0214795.t1002

related to SOF-treatment for 23% of them (3/13). None of the AEs led to hospitalization or
death.

Discussion

This study confirmed the high effectiveness of SOF/VEL and LDV/SOF therapies in the real
world, with SVR12 results comparable to those achieved in clinical trials [3-8]. Compared
with the availability of multiple real-world studies demonstrating effectiveness of LDV/SOF
[24-27], fewer datasets have been available for SOF/VEL. We found high overall SVR12 rates
in our real-world CHC population in Germany treated with SOF/VEL (99.1% achieved SVR12
across GT1-6) or LDV/SOF (96.0% achieved SVR12 across GT1, 3 and 4) regimens. SOF/VEL
and LDV/SOF were equally effective in GT1, TN, non-cirrhotic patients, in whom SVR12 was
>99.0% regardless of regimen. Additionally, SOF/VEL was also highly effective in GT3, cir-
rhotic patients, among whom 100% achieved SVR12 in our study.

Our finding of high overall SOF/VEL effectiveness across HCV GT, treatment history, or
cirrhosis status is consistent with clinical and open-label trials results demonstrating high
overall efficacy, with SVR12 ranging from 93% to 100% [16, 28]. They also support the findings
of other real-world patient cohorts treated with SOF/VEL regimens, which reported high effec-
tiveness and safety across patient types.

Although the SmPC recommends a 12-week SOF/VEL regimen for all patient population
regardless of GT, treatment history, or cirrhosis status, only 10.7% (12/112) of patients treated
with a SOF/VEL regimen were GT1. Moreover, patients who were GT1, TN, and non-cirrhotic
comprised only 3.5% (4/112) of patients treated, all of whom achieved SVR12. This was possi-
bly driven by recommendations in Germany leading to physicians selecting LDV/SOF 8 weeks
for eligible GT1 patients, and SOF/VEL mainly for GT3 patients [29]. The WHO now recom-
mends pan-genotypic regimens such as SOF/VEL as one of the safe and highly effective treat-
ments for all adult CHC patients to achieve elimination of HCV infection [12]. Pan-genotypic
DAAs can simplify the HCV care pathway by removing need for patient genotyping, and can
reduce costs and loss to follow-up after diagnosis.

Our analysis also showed successful real-world use of SOF/VEL regimens in GT 3 cirrhotic
patients, where 100% (40/40) of patients achieved SVR12, regardless of treatment history. Our
finding is consistent with previous studies showing similarly high SVR 12 rates among GT 3
cirrhotic patients treated with SOF/VEL, from a retrospective pooled-analysis of the ASTRAL-
1, -2, and -3 trials (91% achieved SVR12) [18], as well as from a German multicentre cohort
study (98% achieved SVR12) [21].

There are a number of limitations associated with our study inherent to real-world, uncon-
trolled, observational studies. First, patients included in this study were recruited from a single
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centre only, thus potentially affecting generalisability of results to other areas in Germany as
practices and patients characteristics may differ. For instance, although LDV/SOF regimens
were recommended by the SmPC for GT 1, 3, 4, 5, or 6 patients, depending on patient charac-
teristics, our study only included patients with GT 1, 3, and 4. Nevertheless, for SOF/VEL
regimens, we were able to demonstrate high real-world effectiveness across patient types,
regardless of GT, treatment history, or cirrhosis status. Secondly, some patient subgroups are
limited by small sample size (e.g regimens in combination with RBV), and thus should be
interpreted with caution. Lastly, this study was not designed to assess the long-term clinical
outcomes of patients who achieved SVR. However, other recent datasets have shown reduc-
tions in mortality, HCC, hepatic decompensation, and need for liver transplant, which has
attendant positive health economic outcomes for single-payer health care systems such as
Germany.

Conclusion

Our study shows that consistent with clinical trial findings, SOF/VEL and LDV/SOF achieve
high SVR in a diverse patient population. SOF/VEL as a 12 week pan-genotypic treatment
option proved to be a potent and convenient option across a broad patient population. Previ-
ously known negative predictive factors did not impact the real-world effectiveness of this regi-
men in this study.

Supporting information

S1 Table. Proportion achieving SVR12 among SOF/VEL patients overall, and by genotype,
treatment history, and cirrhosis status treated at a single centre in Germany.
(DOCX)

S2 Table. Listing of the adverse events reported among chronic hepatitis C patients treated
at a single centre in Germany. AEs: adverse events; LDV: ledipasvir; SOF: sofosbuvir; VEL:
velpatasvir.

(DOCX)

Acknowledgments

This study was sponsored by Gilead Sciences, Inc.

Author Contributions

Conceptualization: Peter Buggisch, Karsten Wursthorn, Albrecht Stoehr, Joerg Petersen.
Formal analysis: Petar K. Atanasov, Romain Supiot.

Funding acquisition: Peter Buggisch.

Investigation: Peter Buggisch, Karsten Wursthorn, Albrecht Stoehr, Joerg Petersen.
Methodology: Peter Buggisch, Karsten Wursthorn, Albrecht Stoehr, Joerg Petersen.

Project administration: Peter Buggisch, Karsten Wursthorn, Albrecht Stoehr, Joerg Petersen.
Supervision: Peter Buggisch, Petar K. Atanasov, Janet Lee, Jie Ting, Joerg Petersen.
Validation: Petar K. Atanasov.

Visualization: Petar K. Atanasov, Romain Supiot.

Writing - original draft: Petar K. Atanasov, Janet Lee, Jie Ting.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214795  April 4, 2019 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214795.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214795.s002
https://doi.org/10.1371/journal.pone.0214795

'PLOS|ONE

Effectiveness and safety of sofosbuvir/velpatasvir and ledipasvir/sofosbuvir

Writing - review & editing: Peter Buggisch, Karsten Wursthorn, Albrecht Stoehr, Janet Lee,

Jie Ting.

References

10.
11.
12

13.

14.

15.

16.

17.

18.

19.

20.

Organization WH. Global hepatitis report 2017: World Health Organization; 2017.

Koch-Institut R. Zur Situation bei wichtigen Infektionskrankheiten in Deutschland—Hepatitis C im Jahr
2016. Epidemiologisches Bulletin. 2017; 30:279-96.

Afdhal N, Reddy KR, Nelson DR, Lawitz E, Gordon SC, Schiff E, et al. Ledipasvir and sofosbuvir for pre-
viously treated HCV genotype 1 infection. New England Journal of Medicine. 2014; 370(16):1483-93.
https://doi.org/10.1056/NEJMoa1316366 PMID: 24725238

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. New England Journal of Medicine. 2014; 370
(20):1879-88. https://doi.org/10.1056/NEJMoa1402355 PMID: 24720702

Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin N, Puoti M, et al. Ledipasvir and sofosbuvir for untreated
HCV genotype 1 infection. New England Journal of Medicine. 2014; 370(20):1889-98. https://doi.org/
10.1056/NEJMoa1402454 PMID: 24725239

Charlton M, Everson GT, Flamm SL, Kumar P, Landis C, Brown RS, et al. Ledipasvir and sofosbuvir
plus ribavirin for treatment of HCV infection in patients with advanced liver disease. Gastroenterology.
2015; 149(3):649-59. https://doi.org/10.1053/j.gastr0.2015.05.010 PMID: 25985734

Naggie S, Cooper C, Saag M, Workowski K, Ruane P, Towner WJ, et al. Ledipasvir and sofosbuvir for
HCV in patients coinfected with HIV-1. New England Journal of Medicine. 2015; 373(8):705—13. https://
doi.org/10.1056/NEJMoa1501315 PMID: 26196665

Reddy KR, Bourliere M, Sulkowski M, Omata M, Zeuzem S, Feld JJ, et al. Ledipasvir and sofosbuvir in
patients with genotype 1 hepatitis C virus infection and compensated cirrhosis: An integrated safety and
efficacy analysis. Hepatology. 2015; 62(1):79-86. https://doi.org/10.1002/hep.27826 PMID: 25846144

Harvoni [package insert]. Foster City, CA: Gilead Sciences, Inc.; 2017.
Harvoni E. Summary of Product Characteristics. 2015.
Epclusa E. Summary of Product characteristics. 2018.

Guidelines for the care and treatment of persons diagnosed with chronic hepatitis C virus infection.
World Health Organization. 2018.

Foster GR, Afdhal N, Roberts SK, Brau N, Gane EJ, Pianko S, et al. Sofosbuvir and Velpatasvir for
HCV Genotype 2 and 3 Infection. N Engl J Med. 2015; 373(27):2608-17. https://doi.org/10.1056/
NEJMoa1512612 PMID: 26575258

Curry MP, O’Leary JG, Bzowej N, Muir AJ, Korenblat KM, Fenkel JM, et al. Sofosbuvir and Velpatasvir
for HCV in Patients with Decompensated Cirrhosis. N Engl J Med. 2015; 373(27):2618-28. https://doi.
org/10.1056/NEJMoa1512614 PMID: 26569658

Wyles D, Brau N, Kottilil S, Daar ES, Ruane P, Workowski K, et al. Sofosbuvir and Velpatasvir for the
Treatment of Hepatitis C Virus in Patients Coinfected With Human Immunodeficiency Virus Type 1: An
Open-Label, Phase 3 Study. Clin Infect Dis. 2017; 65(1):6—12. https://doi.org/10.1093/cid/cix260 PMID:
28369210

Feld JJ, Jacobson IM, Hézode C, Asselah T, Ruane PJ, Gruener N, et al. Sofosbuvir and velpatasvir for
HCV genotype 1, 2, 4, 5, and 6 infection. New England Journal of Medicine. 2015; 373(27):2599-607.
https://doi.org/10.1056/NEJMoa1512610 PMID: 26571066

Khalili M, Welzel T, Lim J, Lutchman G, Nelson D, Borg B, et al. Safety and efficacy of velpatasvir and
sofosbuvir with or without ribavirin for the treatment of HCV genotypes 1-6: results of the HCV-TAR-
GET Study. Journal of Hepatology. 2017; 66(1):S716-S7.

Asselah T, Bourgeois S, Pianko S, Zeuzem S, Sulkowski M, Foster GR, et al. Sofosbuvir/velpatasvir in
patients with hepatitis C virus genotypes 1-6 and compensated cirrhosis or advanced fibrosis. Liver Int.
2018; 38(3):443-50. https://doi.org/10.1111/liv.13534 PMID: 28756625

Buggisch P, Sarrazin C, Mauss S, Hinrichsen H, Simon K-G, Vermehren J, et al. P0777: Sofosbuvir-
based treatment under real life conditions in Germany (The sofger trial). Journal of Hepatology. 2015;
62:5622.

Christensen S, Mauss S, Hueppe D, Lutz T, Schewe K, Rockstroh J, et al., editors. Directly acting
agents against HCV Results from the German Hepatitis C cohort (GECCO). Conference on Retrovi-
ruses and Opportunistic Infections (CROI); 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214795  April 4, 2019 9/10


https://doi.org/10.1056/NEJMoa1316366
http://www.ncbi.nlm.nih.gov/pubmed/24725238
https://doi.org/10.1056/NEJMoa1402355
http://www.ncbi.nlm.nih.gov/pubmed/24720702
https://doi.org/10.1056/NEJMoa1402454
https://doi.org/10.1056/NEJMoa1402454
http://www.ncbi.nlm.nih.gov/pubmed/24725239
https://doi.org/10.1053/j.gastro.2015.05.010
http://www.ncbi.nlm.nih.gov/pubmed/25985734
https://doi.org/10.1056/NEJMoa1501315
https://doi.org/10.1056/NEJMoa1501315
http://www.ncbi.nlm.nih.gov/pubmed/26196665
https://doi.org/10.1002/hep.27826
http://www.ncbi.nlm.nih.gov/pubmed/25846144
https://doi.org/10.1056/NEJMoa1512612
https://doi.org/10.1056/NEJMoa1512612
http://www.ncbi.nlm.nih.gov/pubmed/26575258
https://doi.org/10.1056/NEJMoa1512614
https://doi.org/10.1056/NEJMoa1512614
http://www.ncbi.nlm.nih.gov/pubmed/26569658
https://doi.org/10.1093/cid/cix260
http://www.ncbi.nlm.nih.gov/pubmed/28369210
https://doi.org/10.1056/NEJMoa1512610
http://www.ncbi.nlm.nih.gov/pubmed/26571066
https://doi.org/10.1111/liv.13534
http://www.ncbi.nlm.nih.gov/pubmed/28756625
https://doi.org/10.1371/journal.pone.0214795

® PLOS |ONE

Effectiveness and safety of sofosbuvir/velpatasvir and ledipasvir/sofosbuvir

21.

22,

23.

24,

25.

26.

27.

28.

29.

von Felden J, Vermehren J, Ingiliz P, Mauss S, Lutz T, Simon KG, et al. High efficacy of sofosbuvir/vel-
patasvir and impact of baseline resistance-associated substitutions in hepatitis C genotype 3 infection.
Aliment Pharmacol Ther. 2018.

Dietz J, Susser S, Berkowski C, Perner D, Zeuzem S, Sarrazin C. Consideration of viral resistance for
optimization of direct antiviral therapy of hepatitis C virus genotype 1-infected patients. PloS one. 2015;
10(8):€0134395. https://doi.org/10.1371/journal.pone.0134395 PMID: 26317755

Dietz J, Susser S, Vermehren J, Peiffer K-H, Grammatikos G, Berger A, et al. Patterns of resistance-
associated substitutions in patients with chronic HCV infection following treatment with direct-acting
antivirals. Gastroenterology. 2018; 154(4):976-88. e4. https://doi.org/10.1053/j.gastro.2017.11.007
PMID: 29146520

Buggisch P, Vermehren J, Mauss S, Gunther R, Schott E, Pathil A, et al. Real-world effectiveness of 8-
week treatment with ledipasvir/sofosbuvir in chronic hepatitis C. Journal of hepatology. 2018; 68
(4):663-71. https://doi.org/10.1016/j.jhep.2017.11.009 PMID: 29133244

Johnson SW, Ammirati SR, Hartis CE, Weber SF, Morgan MR, Darnell TA, et al. Effectiveness of ledi-
pasvir/sofosbuvir in real-world patients with chronic hepatitis C: a collaborative treatment approach.
International journal of antimicrobial agents. 2017; 49(6):778-81. https://doi.org/10.1016/j.ijantimicag.
2017.01.016 PMID: 28389353

Lai JB, Witt MA, Pauly MP, Ready J, Allerton M, Seo S, et al. Eight-or 12-week treatment of hepatitis C
with ledipasvir/sofosbuvir: real-world experience in a large integrated health system. Drugs. 2017; 77
(3):313-8. https://doi.org/10.1007/s40265-016-0684-y PMID: 28078644

Terrault NA, Zeuzem S, Di Bisceglie AM, Lim JK, Pockros PJ, Frazier LM, et al. Effectiveness of ledi-
pasvir-sofosbuvir combination in patients with hepatitis C virus infection and factors associated with
sustained virologic response. Gastroenterology. 2016; 151(6):1131-40. e5. hitps://doi.org/10.1053/j.
gastro.2016.08.004 PMID: 27565882

Everson GT, Towner WJ, Davis MN, Wyles DL, Nahass RG, Thuluvath PJ, et al. Sofosbuvir with velpa-
tasvir in treatment-naive noncirrhotic patients with genotype 1 to 6 hepatitis C virus infection: a random-
ized trial. Annals of internal medicine. 2015; 163(11):818—26. https://doi.org/10.7326/M15-1000 PMID:
26551051

Empfehlungen des bng zur Therapie der chronischen Hepatitis C. Berufsverband niedergelassener
Gastroenterologen Deutschlands eV. 2018.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214795  April 4, 2019 10/10


https://doi.org/10.1371/journal.pone.0134395
http://www.ncbi.nlm.nih.gov/pubmed/26317755
https://doi.org/10.1053/j.gastro.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/29146520
https://doi.org/10.1016/j.jhep.2017.11.009
http://www.ncbi.nlm.nih.gov/pubmed/29133244
https://doi.org/10.1016/j.ijantimicag.2017.01.016
https://doi.org/10.1016/j.ijantimicag.2017.01.016
http://www.ncbi.nlm.nih.gov/pubmed/28389353
https://doi.org/10.1007/s40265-016-0684-y
http://www.ncbi.nlm.nih.gov/pubmed/28078644
https://doi.org/10.1053/j.gastro.2016.08.004
https://doi.org/10.1053/j.gastro.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/27565882
https://doi.org/10.7326/M15-1000
http://www.ncbi.nlm.nih.gov/pubmed/26551051
https://doi.org/10.1371/journal.pone.0214795

