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Abstract

Background and Aims: Hepatitis B virus (HBV) infection
and hepatitis C virus (HCV) infection are among the lead-
ing causes of chronic liver diseases worldwide. Through the
same transmission routes, HBV/HCV coinfection is wide-
spread and aggravates liver damage. In this study, we aimed
to assess the safety and efficacy of sofosbuvir/velpatasvir
(SOF/VEL) and the pre-treatment of tenofovir alafenamide
fumarate (TAF) on HBV reactivation in HBV/HCV coinfected
patients. Methods: A multicenter, prospective, single-arm,
open-label 12-week trial, followed by a 12/48-week obser-
vational clinical trial, was conducted. Ninety-six adults with
chronic HBV/HCV coinfection were enrolled from May 2021 to
December 2024 in thirteen centers in China. Seventy-seven
non-cirrhotic patients were included in Group 1 and nineteen
compensated cirrhotic patients in Group 2. All subjects were
enrolled to receive SOF/VEL once daily for 12 weeks. Non-
cirrhotic subjects received TAF once daily for 28 weeks, and
compensated cirrhotic subjects received TAF once daily for
64 weeks simultaneously. Statistical significance was set at
P < 0.05. Results: At the end of SOF/VEL treatment, the
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overall sustained virologic response was 97.9%, of which
100% was achieved in Group 2. HCV RNA, HBV DNA, and
HBV RNA levels were substantially decreased in all patients.
Alanine aminotransferase (ALT) (61.5 vs. 21.9, P < 0.001)
and aspartate aminotransferase (AST) (50.8 vs. 25.7, P <
0.001) levels decreased, and albumin (ALB) (42.4 vs. 45.1,
P < 0.001) level increased compared to pre-treatment in
Group 1 at 12 weeks post-treatment. ALT (64.1 vs. 25.2, P <
0.001), AST (65.7 vs. 29.7, P < 0.001), alkaline phosphatase
(ALP) (111.6 vs. 88.2, P < 0.05), and alpha-fetoprotein (AFP)
(17.9 vs. 4.7, P < 0.05) levels decreased, and ALB (41.3 vs.
42.5, P =0.051) and platelet count (PLT) (114.0 vs. 127.2, P
= 0.052) levels showed a trend toward increase compared to
pre-treatment in Group 2 at 48 weeks post-treatment. Liver
stiffness measurement (LSM) (22.6 vs. 12.7, P < 0.01), as-
partate aminotransferase to platelet ratio index (APRI) (1.6
vs. 0.6, P < 0.001), and fibrosis-4 index (FIB-4) (4.7 vs. 2.6,
P < 0.05) significantly decreased after treatment in Group
2. Two patients in Group 1 with genotype 3 showed HBV
reactivation and HCV relapse, respectively. No drug-related
adverse events were observed in the study. Conclusions:
SOF/VEL effectively achieves a sustained virologic response
and improves liver function, with an acceptable safety profile
in chronic HBV/HCV coinfected patients, including those with
compensated cirrhosis, who achieved modest improvement
in non-invasive fibrosis indices. Pre-administration of TAF
may mitigates the risk of HBV reactivation in this population.
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Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections
represent major etiological factors contributing to chronic
liver disease globally. According to the Report of the World
Health Organization, more than 296 million people worldwide
are infected with HBV,! and 58 million people with HCV.2 Be-
cause HBV and HCV share common transmission routes, co-
infection is frequently observed and aggravates severe liver
damage. Epidemiologic studies suggest that approximately
10% to 15% of patients with hepatitis C infection are coin-
fected with HBV.3 Given the lack of large-scale studies, these
numbers may underestimate the actual nhumber of patients
coinfected with HBV and HCV.

HBV/HCV coinfection refers to the simultaneous presence
of HBV and HCV in the same individual, with both viruses
potentially affecting the same organs or tissue types. HBV/
HCV coinfection exhibits greater clinical and virological com-
plexity compared to mono-infection with either HBV or HCV
alone. In chronic HBV/HCV coinfection, HBV interacts with
HCV, but which virus has the dominant inhibitory status may
be related to the sequence of viral infection in the body.*
In general, the virus that infects subsequently suppresses
the one that infected first; coinfection will aggravate liver
damage and lead to more severe disease outcomes.>6 HCV
infection is the dominant driver of chronic hepatitis activ-
ity. It can suppress HBV replication, potentially leading to
the inactivation of concurrent HBV infection or even occult
infection, characterized by undetectable serum HBsAg and/
or HBV DNA. Studies have shown that HCV inhibits the rep-
lication of HBV in patients with HBV/HCV coinfection through
core protein, NS2 protein, and NS5A protein, leading to HBV
infection being inactive or occult.”.®8 HBV can also inhibit HCV,
but it is not as obvious as HCV inhibiting HBV.®

Currently, direct-acting antiviral agents (DAAs), charac-
terized by short treatment courses, high sustained virologic
response (SVR) rates, and low incidence of adverse events
(AEs), have created a new era in the treatment of chronic
hepatitis C.10 However, DAA therapy for HCV can lead to
upregulation of HBV replication and protein expression, in-
creasing the risk of HBV reactivation. A meta-analysis re-
vealed that the HBV reactivation rate in HBV/HCV co-infected
patients who received DAAs was 12.2%.11

In this study, we assessed the safety and efficacy of so-
fosbuvir/velpatasvir (SOF/VEL) and the pre-treatment of
tenofovir alafenamide fumarate (TAF) on HBV reactivation
in HBV/HCV coinfected patients from the thirteen centers in
China.

Methods

Study design and patients

A multicenter, prospective, single-arm, open-label 12-week
trial followed by a 12/48-week observational clinical trial
(ChiCTR2000033390) was conducted in thirteen centers
in China from May 2021 to December 2024. Patients with
chronic HBV/HCV (GT1-6) coinfection were enrolled: 1) Age
> 18 years, male or non-pregnant/non-lactating female; 2)
treatment-naive for both HBV and HCV; 3) HBsAg positive and
HCV RNA positive for 26 months. Patients were excluded if
they had: 1) a history of malignant tumors within 5 years
prior to screening, except for specific cancers that have been
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cured by surgical resection, or were suspected of having ma-
lignant tumors; 2) a current or previous history of a major
medical condition or any other major medical disorder that
may interfere with the individual’s treatment, assessment, or
compliance program; 3) HIV or HDV infection; 4) chronic liver
disease other than HCV pathogens. Patients with chronic liver
diseases other than HBV/HCV coinfection were strictly exclud-
ed, including alcoholic liver disease, non-alcoholic fatty liver
disease, drug-induced liver injury, autoimmune liver disease,
and genetic metabolic liver diseases, to avoid confounding
bias and ensure the homogeneity of the study cohort.

Non-cirrhotic patients and/or compensated cirrhotic pa-
tients were enrolled to receive SOF/VEL once daily for 12
weeks. Compensated cirrhosis is defined by evidence of cir-
rhosis on clinical, laboratory, endoscopic, imaging, or histo-
logical assessments. The diagnosis requires meeting one of
the following four criteria:12 1) histological confirmation of
cirrhosis; 2) endoscopic evidence of esophagogastric varices
or ectopic gastrointestinal varices, with non-cirrhotic portal
hypertension ruled out; 3) imaging findings from ultrasound,
liver stiffness measurement (LSM), CT, or MRI suggestive
of cirrhosis or portal hypertension, such as splenomegaly,
portal vein diameter =1.3 cm, with LSM >7.3 kPa!3; 4) in
the absence of histological, endoscopic, or imaging evidence,
the presence of cirrhosis is suggested by abnormalities in at
least two of the following indicators: PLT <100x10°/L, with
no other explanatory causes; serum ALB <35 g/L, excluding
malnutrition, protein-losing enteropathy, or renal disease;
INR >1.3 or prolonged PT (after discontinuing thrombolytic
or anticoagulant drugs for at least seven days); adult as-
partate aminotransferase-to-platelet ratio index (APRI) score
>2. Patients diagnosed with decompensated cirrhosis were
excluded. This condition was characterized by the presence
of cirrhosis, corroborated by clinical, laboratory, endoscopic,
imaging, or histological assessments, and the manifestation
of at least one severe complication linked to portal hyperten-
sion, including ascites, esophageal variceal bleeding, hepa-
torenal syndrome, or hepatic encephalopathy.!2 All patients
with confirmed cirrhosis underwent standardized upper gas-
trointestinal endoscopy at baseline to screen for esophageal
and gastric varices, and the severity and related signs of var-
ices were recorded in detail.

Non-cirrhotic patients received TAF once daily for 28
weeks, and compensated cirrhotic patients received TAF once
daily for 64 weeks simultaneously. The following study visits
were completed: screening, Day 1 (starting with TAF), at the
end of Week 4 (starting with SOF/VEL), Weeks 8, 12, 16 (at
the end of SOF/VEL), 12 weeks post-treatment (end of TAF
use in non-cirrhotic patients), and 48 weeks post-treatment
(end of TAF use in patients with cirrhosis) (Fig. 1).

Each SOF/VEL (EPCLUSA) tablet contains 400 mg of so-
fosbuvir and 100 mg of velpatasvir. Each TAF (VEMLIDY) tab-
let contains 25 mg of tenofovir alafenamide. SOF/VEL (400
mg/100 mg tablet) was administered orally once daily with or
without food. TAF (25 mg tablet) was administered orally once
daily with food. Each patient was given instructions to main-
tain approximately the same daily dosing interval between
study drug doses. For GT3 cirrhotic patients, ribavirin was
added simultaneously with SOF/VEL for 12 weeks. For pa-
tients weighing <75 kg, the dose was 500 mg twice daily; for
patients weighing =75 kg, the dose was 600 mg twice daily.

Assessments

Screening assessments included physical examination, medi-
cal history, height, weight, vital signs, 12-lead ECG, AEs re-
lated to screening procedures, concomitant medications,
safety laboratory tests (including hematology, chemistry,
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Fig. 1. Study design. HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; TAF, tenofovir alafenamide fumarate; SOF/VEL, sofosbuvir/velpatasvir.

and coagulation), HCV RNA (cobas® HCV, Shanghai Roche
Diagnostics Co., Ltd.), HBV DNA (cobas® HBV, Shanghai
Roche Diagnostics Co., Ltd.), serology (HIV, HCV, HDV), he-
moglobin Alc, assessment of the presence or absence of cir-
rhosis, screening for hepatocellular carcinoma for subjects
with cirrhosis, serum B-hCG (females of childbearing poten-
tial only), HCV genotyping, and urinalysis. Serum samples
were collected for HBV RNA (Hepatitis B Virus RNA Assay Kit,
Beijing Hotgen Biotech Co., Ltd.) detection at baseline, Week
16 during treatment, and Week 28 after treatment. Serologic
testing, APRI, fibrosis-4 score (FIB-4), and LSM were evalu-
ated during the screening, on-treatment, and post-treat-
ment periods. APRI was calculated as [(AST/ULN) x 100/PLT
(10%/L)], and FIB-4 was calculated as:

agex AST
PLT (10°/L)xALT

LSM was performed using FibroScan®, a device based on
vibration-controlled transient elastography technology.

At each center, LSM measurements were performed by
radiologists with more than 10 years of experience who were
blinded to the patients’ group assignments. All study data
were collected by independent data collectors. The final data
analysis was conducted by two analysts who were blinded to
both the patients’ group assignments and the timing of treat-
ment to reduce subjective bias.

Study endpoints

The primary efficacy endpoint was SVR12 (Sustained Viro-
logic Response at 12 weeks, HCV RNA < the lower limit of
quantification (LLOQ) 12 weeks after cessation of therapy) in
the full analysis set population. The primary safety endpoint
was any AE leading to permanent discontinuation of study
drug(s). AE classification was based on Common Terminol-
ogy Criteria for Adverse Events (CTCAE) standards. HBV re-
activation was defined as an increase in HBV DNA levels of
more than 2 log,, (100-fold) IU/mL compared with baseline;
an HBV DNA level of 21,000 IU/mL in a person with a previ-
ously undetectable HBV DNA level; or an HBV DNA level of
>10,000 IU/mL if no baseline HBV DNA level is available.14 In
our study, the LLOQ was 20 IU/mL for HBV DNA, 100 copies/
mL for HBV RNA, and 15 IU/mL for HCV RNA.1> Secondary
endpoints included the following: 1) changes in HBV DNA,
HCV RNA, and HBV RNA levels from baseline; 2) changes in
serological indices from baseline; 3) changes in indicators of
liver fibrosis from baseline.

Analysis

Data were shown as mean % standard deviation or median

(IQR) for normally and non-normally distributed continuous
variables. Group t-tests or Mann-Whitney U tests were used
for comparisons between groups. Paired-samples t-tests
or nonparametric tests were used for comparisons within
groups before and after treatment. Mann-Whitney U tests
and Kruskal-Wallis tests, coupled with post hoc comparisons,
were used to test the differences in continuous variables be-
tween groups. A sample size of 96 subjects provided more
than 75% power to detect the SVR12 rate using a two-sid-
ed exact one-sample binomial test at a significance level of
0.05. Statistical analyses were performed using SPSS 29.0
(IBM SPSS, Chicago, IL, USA). Statistical significance was
set at P < 0.05.

Results

Baseline characteristics

The study included 96 patients with HBV/HCV coinfection,
with a median age of 50.5 (16.5) years (range 21-87 years),
and a median HCV RNA level of 5.7 (1.7) log10 IU/mL (range
2.2-7.8 log10 IU/mL). Of these, 77 non-cirrhotic patients
were included in Group 1 and 19 compensated cirrhosis pa-
tients in Group 2. At baseline, HCV RNA levels were 5.8 (1.2)
and 5.5 (1.3) in the two groups, respectively, with no statis-
tical differences. AST, ALP, TBIL, AFP, APRI, FIB-4, and LSM
were higher in Group 2 than in Group 1, and ALB levels and
PLT counts were lower than in Group 1 (Table 1). The HCV
genotype distribution of the patients is shown in Figure 2.
Genotype 1 was the most prevalent across the whole cohort,
accounting for 29.2%. Genotype 2 was less frequent, ac-
counting for 13.6% (Fig. 2).

SVR12

All patients demonstrated good adherence to treatment and
took their medication as prescribed. HCV RNA was tested
after cessation of anti-HCV therapy, and two patients with
genotype 3 did not achieve SVR in Group 1. After confirma-
tion via viral genotyping or resistance testing, these patients
underwent retreatment. At 12 weeks after cessation of ther-
apy, the overall SVR12 rate was 97.9% (94/96), with 97.4%
(75/77) in Group 1 and 100% (19/19) in Group 2 (Fig. 3).
Stratified by HCV genotype, genotype 3 patients had a lower
SVR12 rate of 90.0% (18/20), while genotypes 1, 2, and 6
all achieved 100% SVR12.

Changes in HBV DNA, HCV RNA, and HBV RNA

At 28 weeks, the HBV/HCV coinfected patients without cir-
rhosis had finished the treatment. At this time, changes in
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Characteristic Group 1 (n = 77) Group 2 (n = 19) Total (n = 96) P-value
Age, years 50.7 (17.5) 49.6 (8.0) 50.5 (16.5) 0.622
Sex, n (%) 0.260

Male 48 (62.3) 13 (68.4) 61 (63.5)

Female 29 (37.7) 6 (31.6) 35 (36.5)
HCV genotype, n(%) 0.973

1 20 (26.0) 8 (42.1) 28 (29.2)

2 11 (14.3) 2 (10.5) 13 (13.6)

3 18 (23.4) 2 (10.5) 20 (20.8)

6 16 (20.8) 4 (21.0) 20 (20.8)

NA 12 (15.6) 3 (15.8) 15 (15.6)
HCV RNA (log10 IU/mL) 5.8 (1.2) 5.5 (1.3) 5.7 (1.7) 0.278
HBV DNA (log10 IU/mL) 3.2 (1.7) 2.8 (0.8) 3.1(1.7) 0.815
ALT (IU/L) 61.5 (39.2) 64.1 (48.0) 62.0 (36.6) 0.149
AST (IU/L) 50.8 (31.8) 65.7 (40.4) 53.8 (32.8) 0.014
ALP (IU/L) 84.8 (39.3) 111.6 (81.0) 90.4 (39.9) 0.019
TBIL (pmol/L) 15.3 (9.2) 20.6 (8.8) 16.3 (7.4) 0.008
ALB (g/L) 43.0 £ 3.5 39.2 £ 5.8 42.2 £ 4.3 0.014
PLT (*10°/L) 175.4 = 61.7 106.0 = 39.6 162.7 + 64.0 <0.001
AFP (ng/mL) 7.8 (3.8) 17.9 (19.0) 9.7 (6.5) <0.001
LSM (kPa) 8.1 (4.2) 22.6 (16.4) 11.1 (6.5) <0.001
APRI 0.8 (0.8) 1.6 (1.2) 1.0 (1.0) <0.001
FIB-4 2.1 (1.6) 4.8 (5.2) 2.5 (1.9) <0.001

Qualitative data are shown as n (%). Quantitative data are shown as mean * standard deviation or median (interquartile range) for normally and non-normally distrib-
uted continuous variables. Results were compared by group t-test or Mann-Whitney U test (Group 1 vs. Group 2). Mann-Whitney U-test and Kruskal-Wallis test, coupled
with post hoc comparisons, were used to test the differences in continuous variables between groups. Group 1, HBV/HCV coinfection patients without cirrhosis; Group 2,
HBV/HCV coinfection patients with compensated cirrhosis. NA, not available. Normal reference ranges: ALT 9-50 IU/L; AST 15-40 IU/L; ALP 45-125 IU/L; TBIL 1.7-20
umol/L; ALB 40-55 g/L; PLT 125-350 x 109/L; AFP < 10.9 ng/mL; LSM < 7.3 kPa; APRI < 0.5; FIB-4 < 1.3. HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; ALT, Alanine
Aminotransferase; AST, Aspartate Aminotransferase; ALP, Alkaline Phosphatase; TBIL, Total Bilirubin; ALB, Albumin; PLT, Platelet Count; AFP, Alpha-fetoprotein; LSM,
Liver Stiffness Measurement; APRI, Aspartate Aminotransferase to Platelet Ratio Index; FIB-4, Fibrosis-4 Index.

the levels of HBV DNA and HCV RNA across the whole cohort
were analyzed. A significant reduction was observed both
HCV RNA and HBV DNA levels. Serum specimens were col-

lected from a cohort of 28 patients for the purpose of evalu-
ating HBV RNA levels. Throughout the treatment regimen,
a reduction in HBV RNA levels was observed. However, this

TOTAL 2597 == GROUP 1 B GROUP?2
Genotype 1
Genotype 2 &
== Genotype 3 o
== Genotype 6 &
== NoAvailable &

N =96 HCV Genotype

Fig. 2. Prevalence of HCV genotype. Group 1, HBV/HCV coinfection patients without cirrhosis (n = 77); Group 2, HBV/HCV coinfection patients with compensated
cirrhosis (n = 19). HBV, Hepatitis B Virus; HCV, Hepatitis C Virus.
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Fig. 3. SVR12 across genotypes and groups. SVR12, Sustained Virologic Response at 12 weeks. Group 1, HBV/HCV coinfection patients without cirrhosis (n = 77);
Group 2, HBV/HCV coinfection patients with compensated cirrhosis (n = 19). HBV, Hepatitis B Virus; HCV, Hepatitis C Virus.

decline was notably less significant when compared to the
reduction in HBV DNA levels (Fig. 4, Table 2). Five patients
demonstrated elevated HBV RNA levels during the adminis-
tration of SOF/VEL (Table 3).

Changes in ALT, AST, ALP, TBIL, ALB, PLT, and AFP

Serological changes before and after treatment within the
two groups were compared. At 12 weeks post-treatment,
ALT (61.5 vs. 21.9, P < 0.001) and AST (50.8 vs. 25.7, P
< 0.001) levels decreased, while ALB (42.4 vs. 45.1, P <
0.001) levels increased compared to pre-treatment in Group
1 (Table 4). No significant differences were observed in ALP
and TBIL levels or PLT counts before and after treatment. At
48 weeks post-treatment, ALT (64.1 vs. 25.2, P < 0.001),
AST (65.7 vs. 29.7, P < 0.001), ALP (111.6 vs. 88.2, P <
0.05), and AFP (17.9 vs. 4.7, P < 0.05) levels decreased,
while ALB (41.3 vs. 42.5, P = 0.051) and PLT (114.0 vs.
127.2, P = 0.052) levels showed a trend toward increase.
Compared to pre-treatment in Group 2 (Table 4). TBIL levels
fluctuated during treatment with a downward trend, but the
difference was not statistically significant. Changes in sero-
logical indicators across study visits are shown in Figure 5
and Table 4.

Changes in indicators of liver fibrosis

LSM values, APRI, and FIB-4 calculation algorithms based
on serological indices were used to indicate the degree
of liver fibrosis. APRI (0.8 vs. 0.5, P < 0.001) levels de-
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>
g
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-
[5,]
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5 5
1 1
HCV RNA (log10 IU/ml)
H
1

creased in Group 1. LSM (22.6 vs. 12.7, P < 0.01), APRI
(1.6 vs. 0.6, P < 0.001), and FIB-4 (4.7 vs. 2.6, P < 0.05)
significantly decreased after treatment in Group 2 (Table
4, Fig. 6).

HBYV reactivation

A patient in Group 1 with genotype 3 experienced HBV re-
activation, with HBV DNA levels below the LLOQ at baseline
and after four weeks of TAF therapy. The HBV DNA level in-
creased to 2.15 log10 (100-fold) IU/mL at the end of SOF/
VEL treatment but reverted to below the LLOQ at 12 weeks
post-therapy (Fig. 7). The findings indicated that the inci-
dence of HBV reactivation among patients receiving SOF/VEL
and pre-used TAF was 1%.

HCV relapse

A patient in Group 1 with genotype 3 experienced HCV re-
lapse. Baseline HCV RNA was 7.23 log10 IU/mL, which de-
clined to below the LLOQ following 12 weeks of SOF/VEL
therapy. However, HCV RNA rebounded to 7.02 log10 IU/mL
at 20 weeks post-therapy (Fig. 8). The incidence of HCV re-
lapse in the cohort was 1%.

Safety

During the study, six patients experienced the following AEs:
skin rash, abnormal uterine bleeding, fracture, malignant
lung tumor, hospitalization due to chest pain attack, and
hepatocellular carcinoma. Among these, the patient hospital-

B 25-

=Y - N
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1 1 1

HBV RNA (log10 IU/ml)
b
1

0.0 r T T T 0 T
0 4 16 28 0

Visting Point (week)

I
4

Visting Point (week)
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16 28

0.0 T T T T
0 4 16 28

Visting Point (week)

Fig. 4. Changes in HBV DNA, HCV RNA, and HBV RNA at the end of SOF/VEL treatment. HBV DNA and HCV RNA were decreased in HBV/HCV coinfection pa-
tients (n = 96) at the end of SOF/VEL treatment. (A) HBV DNA; (B) HCV RNA; (C) HBV RNA. HBYV, Hepatitis B Virus; HCV, Hepatitis C Virus.
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Table 2. Baseline and longitudinal changes of key virological, serological, and fibrosis markers between two groups

Parameters Reference range

Group 1, Baseline/
Week 16/Week 28

Group 2, Baseline/
Week 28/Week 64

HBV DNA (log10 IU/mL)
HCV RNA (log10 IU/mL)

LLOQ<20 IU/mL
LLOQ<15 IU/mL

ALT (IU/L) 9-50
AST (IU/L) 15-40
ALP (IU/L) 45-125
TBIL (umol/L) 1.7-20
ALB (g/L) 40-55
PLT (*109/L) 125-350
AFP (ng/mL) <10.9
LSM (kPa) <7.3
APRI <0.5
FIB-4 <1.3

3.2/<LLOQ/<LLOQ
5.8/<LLOQ/<LLOQ
61.5/23.3/21.9
50.8/25.4/25.7
84.8/81.0/82.6
15.3/13.4/14.3
43.0/44.7/45.2
175.4/178.2/186.7
7.8/7.7/8.0
8.1/7.8/7.5
0.8/0.5/0.5
2.1/2.0/2.0

2.8/<LLOQ/<LLOQ
5.5/<LLOQ/<LLOQ
64.1/25.6/25.2
65.7/37.5/29.7
111.6/105.8/88.2
20.6/19.7/15.7
39.2/41.5/43.5
106.0/109.8/132.7
17.9/27.0/4.7
22.6/16.3/12.7
1.6/1.0/0.6
4.8/4.7/2.6

Quantitative data are shown as mean or median for normally and non-normally distributed continuous variables. Group 1, HBV/HCV coinfection patients without cirrho-
sis; Group 2, HBV/HCV coinfection patients with compensated cirrhosis. NA, not available. HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; ALT, Alanine Aminotransferase;
AST, Aspartate Aminotransferase; ALP, Alkaline Phosphatase; TBIL, Total Bilirubin; ALB, Albumin; PLT, Platelet Count; AFP, Alpha-fetoprotein; LSM, Liver Stiffness
Measurement; APRI, Aspartate Aminotransferase to Platelet Ratio Index; FIB-4, Fibrosis-4 Index.

ized for chest pain attack discontinued the study. No labora-
tory abnormalities or drug-related AEs were observed during
the study (Table 5).

Discussion

With the extensive adoption of DAA regimens, an increas-
ing number of patients with HCV infection are achieving
SVR. However, despite the high efficacy rates in manag-
ing chronic hepatitis C with DAA therapy, several critical
challenges persist, including HCV coinfection with other
hepatotropic viruses such as HBV, as well as instances of
antiviral treatment failure. In this study, we assessed the
safety and efficacy of SOF/VEL and the pre-treatment of
tenofovir alafenamide fumarate (TAF) on HBV reactivation
in HBV/HCV coinfected patients from the thirteen centers
in China.16

SOF/VEL was used for HCV antiviral therapy and TAF for
HBV antiviral therapy. Phase 2 and 3 evaluations of SOF/VEL
demonstrated that co-administration of the single agents for 12
weeks was well tolerated and resulted in high SVR rates across
a broad range of HCV genotypes. In the Phase 3 study, admin-
istration of SOF 400 mg/VEL 100 mg for 12 weeks to treatment
subjects without cirrhosis with genotype 1a, 1b, 2, 4, 5, or 6
HCV infection resulted in SVR12 rates of 98% (206/210), 99%
(117/118), 100% (104/104), 100% (116/116), 97% (34/35),
and 100% (41/41), respectively.23:17 TAF is a prodrug of teno-
fovir that more efficiently delivers tenofovir into lymphoid cells

Table 3. Patients with elevated HBV RNA during DAAs therapy for HCV

HBV RNA (log10 IU/mL) Ow 4w i6w 28w

Patient 1 236 1.44 2.17 1.77
Patient 2 0 0 282 0
Patient 3 2.07 O 1.73 0
Patient 4 140 O 1.96 O
Patient 5 0 0 1.52 0

HBV, Hepatitis B Virus; HCV, Hepatitis C Virus.

and tissues than tenofovir disoproxil fumarate. It is a HBV nu-
cleoside analog reverse transcriptase inhibitor and is indicated
for the treatment of chronic HBV infection in adults with com-
pensated liver disease. HBV/HCV co-infected patients were
treated with TAF for 4 weeks prior to HCV treatment to assess
HBV reactivation. The rationale for initiating TAF 4 weeks prior
to DAA therapy was based on pharmacokinetic, pharmacody-
namic, and clinical evidence. TAF achieves steady-state intra-
cellular levels of its active metabolite, tenofovir diphosphate,
within approximately 4 weeks of daily administration, ensur-
ing sufficient hepatic drug exposure to effectively inhibit HBV
cccDNA (covalently closed circular DNA, cccDNA) transcription
and reduce viral load before the immune perturbations associ-
ated with rapid HCV clearance.!8 Prior studies in chronic hepa-
titis B patients have shown that, after TAF antiviral therapy,
the rate of patients who achieved HBV DNA <20 IU/mL at 4
weeks was 77.1%.1° The clinical evidence supports a 4-week
pretreatment window as a clinically effective interval for HBV
prophylaxis. Although current clinical guidelines uniformly
recommend pre-DAA HBV prophylaxis, they do not specify
an optimal pretreatment duration.20.21 Direct comparisons of
shorter (2 weeks), longer (6 weeks), and concurrent initiation
strategies remains limited. Future randomized controlled stud-
ies are warranted to define the most effective and safe timing
for prophylactic NAs in HBV/HCV coinfected patients undergo-
ing DAA therapy.

Our study enrolled 96 patients with HBV and HCV coin-
fection, including 77 patients without cirrhosis and 19 pa-
tients with compensated cirrhosis. At baseline, there were
no significant differences between compensated cirrhotic and
non-cirrhotic patients in age, sex, genotype distribution, HBV
DNA levels, HCV RNA levels, and ALT levels. Cirrhotic patients
exhibited higher levels of AST, ALP, TBIL, AFP, ALT, APRI, and
FIB-4 compared to non-cirrhotic patients, while PLT counts
and ALB levels were lower in cirrhotic patients. At 12 weeks
after cessation of SOF/VEL treatment, the overall SVR was
97.9%. Only genotype 3 patients achieved an SVR rate of
90%, while patients with genotypes 1, 2, 6, and some un-
known genotypes all achieved an SVR rate of 100%. Our find-
ings align with other studies indicating that antiviral efficacy
in genotype 3 patients is acceptable but remains lower than
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Table 4. Changes in serological indices and indicators of liver fibrosis

Total (n = 96)

Baseline Week 28 P-value
ALT (IU/L) 62.0 (36.6) 22.8 (10.0) <0.0012
AST (IU/L) 53.8 (32.8) 28.6 (9.3) <0.0012
ALP (IU/L) 90.4 (39.9) 88.1 (37.0) 0.6712
TBIL (umol/L) 16.3 (7.4) 15.6 (8.6) 0.2232
ALB (g/L) 42.2 £ 4.3 44.4 + 4.0 <0.0012
PLT (*10°/L) 162.7 + 64.0 168.2 + 70.8 0.5682
AFP (ng/mL) 9.7 (6.5) 12.8 (2.5) 0.0062
LSM (kPa) 11.1 (6.5) 9.4 (5.6) 0.3422
APRI 1.0 (1.0) 0.6 (0.4) <0.0012
FIB-4 2.5 (1.9) 2.5 (2.0) 0.3942

Group 1 (n = 77)

Baseline Week 28 P-value
ALT (IU/L) 61.5 (39.2) 21.9 (8.0) <0.0012
AST (IU/L) 50.8 (31.8) 25.7 (11.3) <0.0012
ALP (IU/L) 84.8 (39.3) 82.6 (29.3) 0.5602
TBIL (pmol/L) 15.3 (9.2) 14.3 (6.4) 0.2322
ALB (g/L) 43.0 £ 3.5 45.2 + 2.7 <0.0012
PLT (*10°/L) 175.4 + 61.7 186.7 + 67.4 0.2622
AFP (ng/mL) 7.8 (3.8) 8.0 (1.8) 0.9602
LSM (kPa) 8.1 (4.2) 7.5 (2.7) 0.2882
APRI 0.8 (0.8) 0.5 (0.3) <0.0012
FIB-4 2.1 (1.6) 2.0 (1.3) 0.1682

Group 2 (n = 19)
Baseline Week 28 P-value Week 64 P-value

ALT (IU/L) 64.1 (48.0) 25.6 (17.7) <0.0012 25.2 (12.7) <0.001P
AST (IU/L) 65.7 (40.4) 37.5 (13.1) <0.0012 29.7 (15.0) <0.001P
ALP (IU/L) 111.6 (81.0) 105.8 (43.0) 0.7082 88.2 (24.2) 0.043P
TBIL (pmol/L) 20.6 (8.8) 19.7 (13.9) 0.6242 15.7 (11.5) 0.110b
ALB (g/L) 39.2 £ 5.8 41.5 £ 6.0 0.2342 43,5+ 5.9 0.051b
PLT (*10°/L) 106.0 + 39.6 109.8 + 45.7 0.9752 132.7 £ 32.2 0.052P
AFP (ng/mL) 17.9 (19.0) 27.0 (6.1) 0.0702 4.7 (4.6) 0.012P
LSM (kPa) 22.6 (16.4) 16.3 (12.5) 0.1352 12.7 (8.6) 0.009P
APRI 1.6 (1.2) 1.0 (0.9) 0.0152 0.6 (0.4) <0.001b
FIB-4 4.8 (5.2) 4.7 (4.5) 0.8202 2.6 (2.3) 0.016P

Data are shown as mean % standard deviation or median (interquartile range) for normally and non-normally distributed continuous variables. Results were compared
by paired-samples t-test and paired-samples nonparametric test. Mann-Whitney U-test and Kruskal-Wallis test, coupled with post hoc comparisons, were used to test
the differences in continuous variables between groups. 2(Baseline vs. Week 28) P(Baseline vs. Week 64). Normal reference ranges: ALT 9-50 IU/L; AST 15-40 IU/L;
ALP 45-125 IU/L; TBIL 1.7-20 pmol/L; ALB 40-55 g/L; PLT 125-350 x 109/L; AFP < 10.9 ng/mL; LSM < 7.3 kPa; APRI < 0.5; FIB-4 < 1.3. HBV, Hepatitis B Virus; HCV,
Hepatitis C Virus; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; ALP, Alkaline Phosphatase; TBIL, Total Bilirubin; ALB, Albumin; PLT, Platelet Count;
AFP, Alpha-fetoprotein; LSM, Liver Stiffness Measurement; APRI, Aspartate Aminotransferase to Platelet Ratio Index; FIB-4, Fibrosis-4 Index.

in other genotypes.22 Compensated cirrhosis did not affect
the efficacy of antiviral therapy. During treatment, HBV DNA,
HCV RNA, ALT, and AST levels significantly decreased, and

ALB levels increased across the whole cohort. These findings
indicate that antiviral treatment diminishes hepatitis activity
and mitigates hepatocellular injury in patients with HBV/HCV
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Phosphatase; TBIL, Total Bilirubin; ALB, Albumin; PLT, Platelet Count.

coinfection.23 In contrast to non-cirrhotic patients, individu-
als with cirrhosis experienced a reduction in ALP levels and
an elevation in PLT counts during the treatment period. In
addition, TBIL levels in cirrhotic patients fluctuated during
the course of treatment and gradually declined. Changes in
serological indices following antiviral therapy may improve
the prognosis of patients with compensated cirrhosis.2425
LSM, APRI, and FIB-4 scores are important non-invasive
biomarkers for the assessment and prediction of cirrhosis.
APRI is recognized for its ability to predict liver fibrosis, with
a cut-off of 0.5 indicating significant fibrosis and 1.5 for cir-
rhosis.26 Elevated FIB-4 index values significantly correlate
with increased risks of cirrhosis and liver-related mortality
in chronic HBV patients.? A real-world, single-center study
demonstrated that, following DAA therapy, the APRI score
in patients with chronic hepatitis C decreased from 0.701 to
0.328, and the FIB-4 index declined from 2.355 to 1.860,
indicating potential improvement in liver fibrosis markers.2”
Our previous study demonstrated significant improvement in
LSM among patients with hepatitis C-related cirrhosis follow-
ing DAA therapy, with a 3.6 kPa reduction observed in F3/
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ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; ALP, Alkaline

F4 patients. Furthermore, APRI and FIB-4 scores exhibited
significant decreases, from 0.64 to 0.35 and from 2.53 to
1.87, respectively, suggesting a considerable regression of
liver fibrosis.28 In this study, patients with compensated cir-
rhosis had a pre-treatment APRI score of 1.6 and a FIB-4
score of 4.7, and post-treatment APRI and FIB-4 scores of
0.6 and 2.6, respectively, suggesting that antiviral therapy
has a modest improvement in liver fibrosis in patients with
compensated cirrhosis.

Hepatitis B reactivation was observed in our study in a
patient with HBV/HCV coinfection who tested positive for HB-
sAg. The patient was interviewed via a standardized medica-
tion adherence questionnaire, and both self-reported adher-
ence and pharmacy refill records confirmed 100% medication
compliance (no missed doses). A comprehensive review of the
patient’s concomitant medications (no other antiviral, immu-
nosuppressant, or hepatotropic drugs) and pharmacokinetic
data confirmed no known drug-drug interactions between
TAF and SOF/VEL. The patient reported no gastrointestinal
symptoms (e.g., diarrhea, nausea, vomiting) during the en-
tire treatment and follow-up period, and routine blood tests
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showed normal intestinal absorption-related indices (e.g.,
albumin, prealbumin). Thus, impaired drug absorption was
not a factor. The HBV DNA test was repeated twice to verify
the results. False-positive results due to laboratory variability
were ruled out. We hypothesize that the transient HBV reac-
tivation may be attributed to HCV clearance-induced immune
reconstitution.2® Rapid HCV suppression by SOF/VEL leads to
a shift in the intrahepatic immune response from HCV-domi-
nated to HBV-targeted, accompanied by a transient increase
in pro-inflammatory cytokines (e.g., interferon-y, Tumor Ne-
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Fig. 7. HBV reactivation. HBV, Hepatitis B Virus.

crosis Factor-a). These cytokines can transiently upregulate
HBV cccDNA transcriptional activity by activating the cccDNA
promoter,3° leading to a small, temporary elevation of HBV
DNA. This phenomenon is consistent with prior reports that
HCV clearance diminishes the hepatic interferon response,
which in turn triggers HBV reactivation in HBV/HCV coin-
fected patients, even with concurrent antiviral prophylaxis
for HBV.31 Recent trials have used DAAs for the clearance of
HCV in co-infected patients. Reactivation of HBV has been
observed in patients following therapeutic intervention, with
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Fig. 8. HCV recurrence. HCV, Hepatitis C Virus.
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Table 5. Adverse events

Han Y. et al: Safety and efficacy of SOF/VEL

Relationship to Study drug man-

Adverse events Patients, n Grade study drugs agement
Skin rash 1 1 NO Continue
Abnormal uterine bleeding 1 2 NO Continue
Fracture 1 2 NO Continue
Malignant tumors of the lung 1 3 NO Continue
Hospitalization for chest pain attack 1 3 NO Discontinue
Hepatocellular carcinoma 1 8 NO Continue

increased incidence and earlier onset observed in individu-
als previously treated for HCV infection with DAAs compared
to those treated with pegylated interferon-based regimens.32
In another cohort study, HBV reactivation was observed in
2% to 57% of patients with detectable HBsAg during DAA
treatment.33 Advance treatment with nucleos(t)ide analogs
is recommended during DAA therapy. Our research indicates
that, following a four-week pre-treatment regimen of TAF, the
hepatitis B reactivation rate was 1%. This finding implies that
pre-treatment of TAF may significantly mitigate the risk of
hepatitis B reactivation. In summary, regardless of the thera-
py regimen, close monitoring of HBV DNA levels is necessary
for patients with HBV/HCV coinfection, even in cases of good
adherence and the absence of drug interactions.

Our study also tested changes in HBV RNA levels during
treatment among 28 patients. It has recently been shown
that serum HBV RNA is a non-invasive biomarker that reflects
cccDNA transcriptional activity.3* HBV RNA levels decline at a
slower rate than HBV DNA levels. Transient elevations in HBV
RNA levels were observed in five patients during DAA therapy
for HCV, with peak elevations occurring at week 16 in most
cases, followed by spontaneous decline to undetectable lev-
els by week 28, without concurrent HBV DNA reactivation or
virological breakthrough. These findings are consistent with
prior evidence that transient HBV RNA reactivation can occur
in HBV/HCV co-infected patients during HCV DAA treatment,
driven by HCV suppression and subsequent immune recon-
stitution.2® Some patients with undetectable HBV DNA levels
still exhibited detectable HBV RNA during testing. This phe-
nomenon illustrates that HBV RNA is a complementary bio-
marker of intrahepatic viral activity than HBV DNA, capable
of capturing subclinical cccDNA transcriptional reactivation
that is missed by standard HBV DNA testing. Such dynamics
highlight the potential utility of HBV RNA as an early indicator
of low-level intrahepatic cccDNA activity, which could guide
optimized treatment and reduce the risk of HBV reactivation
in patients with HBV/HCV coinfection receiving long-term an-
tiviral therapy.30 HBV DNA and HBV RNA assays should be
concurrently employed to assess viral replication activity in
patients during clinical monitoring. There is no established
definition for HBV RNA-associated hepatitis B reactivation,
and further research is required.

Hepatitis C relapse is a significant concern. In pa-
tients achieving SVR with DAAs, the relapse rate is low at
0.89/1,000 person-years for low-risk individuals, but signifi-
cantly higher at 29.37/1,000 person-years for high-risk pop-
ulations.3> However, there is a paucity of data regarding the
relapse rate of HCV in patients with HBV/HCV coinfection. In
this study, a patient with genotype 3 presented with hepatitis
C relapse. To our knowledge, the patient does not have high-
risk factors for hepatitis C reinfection during the course of
treatment. The patient had a baseline HCV RNA of 7.23 log10
IU/mL and a controlled attenuation parameter (CAP) of 336

dB/m. CAP is a quantitative indicator measured by transient
elastography that is used to assess hepatic steatosis by de-
tecting ultrasound attenuation in the liver parenchyma, and
elevated CAP values reflect the presence and degree of he-
patic steatosis.36 It was reported that steatosis was identified
as an independent predictor of relapse in patients with HCV
genotype 3. Steatosis was associated with a higher rate of
relapse, especially in patients with high viral loads, whereas
patients without steatosis did not experience relapse.3” The
mechanism by which steatosis influences treatment outcome
in HCV genotype 3 infection is not fully understood. We hy-
pothesize that hepatic steatosis impairs the uptake and me-
tabolism of DAA in hepatocytes and creates a microenviron-
ment conducive to HCV replication, both of which contribute
to reduced treatment efficacy.3” The cause of relapse in this
patient may be related to his genotype and hepatic steatosis.
Further research is required to substantiate this correlation.

This study has several key limitations. First, the study
adopted a single-arm design, which represents a major
methodological limitation. Previous research indicates that
patients with HBV/HCV coinfection are at increased risk of
HBV reactivation following hepatitis C treatment.11,32:33 Al-
though ethical considerations preclude the establishment
of a control group receiving SOF/VEL alone, the absence of
comparator groups with different TAF initiation time points
significantly weakens the causal inference of our conclusion.
Notably, while all the aforementioned authoritative guide-
lines uniformly recommend initiating antiviral prophylaxis
before exposure to medications associated with HBV reac-
tivation risk, none provide specific recommendations on the
optimal time window for TAF pretreatment.20.21 Second, the
small overall sample size (especially the limited cirrhosis
subgroup) reduces statistical power for stratified analyses
and subgroup validation, and the lack of uniform baseline
CAP assessment and standardized steatosis stratification in-
troduces population heterogeneity, hindering exploration of
steatosis and HCV relapse correlation. Third, the predefined
follow-up duration (64 weeks for cirrhotic, 28 weeks for non-
cirrhotic patients) limits long-term outcome assessment;
extended follow-up is ongoing to collect data on hepatocellu-
lar carcinoma, hepatic decompensation, and long-term HCV
recurrence. Fourth, the study lacked detailed collection and
stratification of comorbid conditions in the enrolled patients,
which may have contributed to the relatively high SVR rates
reported. This gap in comorbidity data may introduce poten-
tial selection bias and limit the generalizability of the findings
to populations with complex comorbidities. Fifth, although
detailed adherence records confirmed that all patients dem-
onstrated good medication adherence as prescribed, and the
predictable pharmacokinetic properties of TAF have been well
established in prior literature, 1838 we did not perform direct
real-time plasma TAF concentration quantification. Subtle
drug exposure bias cannot be excluded. Finally, HBV RNA
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detection was not initially included, and poor serum storage
left only 28 patients with usable samples, resulting in in-
complete longitudinal HBV RNA data and hindering in-depth
analysis of cccDNA activity and HBV RNA as a biomarker. Fu-
ture research directions to address these limitations include:
conducting large-sample, multicenter RCTs with different TAF
initiation time points; expanding the cirrhosis subgroup sam-
ple size; extending follow-up beyond 2 years; implementing
uniform baseline CAP measurement and steatosis stratifi-
cation; integrating real-time TAF concentration monitoring
and prospective HBV RNA detection; and recording detailed
missed dose information to optimize preventive strategies for
HBV/HCV co-infected patients receiving DAA therapy.

Pre-treatment of TAF for 4 weeks, followed by a 12-week
treatment regimen with SOF/VEL single-tablet combination,
demonstrated efficacy in most patients with HBV/HCV coin-
fection. Although HBV reactivation and HCV recurrence were
observed in patients infected with HCV genotype 3, these
events were not associated with significant changes in sero-
logical indices or clinical symptoms. Among the AEs recorded
during the study, no drug-related adverse reactions or non-
specific symptoms such as malaise or headache—commonly
reported in the literature—were identified. Overall, patients
exhibited a favorable response to this therapeutic regimen.
The findings of this study indicate that pre-administration of
TAF may effectively reduce the risk of HBV reactivation in
co-infected individuals. Continuous monitoring for signs of
HBV reactivation and HCV recurrence during and after treat-
ment is recommended, with therapeutic intervention guided
by current clinical guidelines.

Conclusions

SOF/VEL effectively achieves SVR and improves liver func-
tion with an acceptable safety profile in chronic HBV/HCV co-
infected patients, including those with compensated cirrhosis
who achieved modest improvement in non-invasive fibrosis
indices. Pre-administration of TAF may mitigates the risk of
HBV reactivation in this population.
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