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Abstract Asian (52.9% Japanese, 25.7% Chinese/Taiwanese, 5.4%

Korean, 3.3% Malaysian, and 2.9% Vietnamese), 6.4%

Background and Aims: As practice patterns and hepatitis
C virus (HCV) genotypes (GT) vary geographically, a global
real-world study from both East and West covering all GTs
can help inform practice policy toward the 2030 HCV elimi-
nation goal. This study aimed to assess the effectiveness
and tolerability of DAA treatment in routine clinical prac-
tice in a multinational cohort for patients infected with all
HCV GTs, focusing on GT3 and GT6. Methods: We ana-
lyzed the sustained virological response (SVR12) of 15,849
chronic hepatitis C patients from 39 Real-World Evidence
from the Asia Liver Consortium for HCV clinical sites in Asia
Pacific, North America, and Europe between 07/01/2014-
07/01/2021. Results: The mean age was 62+13 years,
with 49.6% male. The demographic breakdown was 91.1%

Keywords: Hepatitis C virus; Liver cirrhosis; Hepatocellular carcinoma; Geno-
type; DAA; REAL-C.
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White, 1.3% Hispanic/Latino, and 1% Black/African-Amer-
ican. Additionally, 34.8% had cirrhosis, 8.6% had hepato-
cellular carcinoma (HCC), and 24.9% were treatment-ex-
perienced (20.7% with interferon, 4.3% with direct-acting
antivirals). The largest group was GT1 (10,246 [64.6%]),
followed by GT2 (3,686 [23.2%]), GT3 (1,151 [7.2%]),
GT6 (457 [2.8%]), GT4 (47 [0.3%]), GT5 (1 [0.006%]),
and untyped GTs (261 [1.6%]). The overall SVR12 was
96.9%, with rates over 95% for GT1/2/3/6 but 91.5% for
GT4. SVR12 for GT3 was 95.1% overall, 98.2% for GT3a,
and 94.0% for GT3b. SVR12 was 98.3% overall for GT6,
lower for patients with cirrhosis and treatment-experienced
(TE) (93.8%) but =97.5% for treatment-naive patients re-
gardless of cirrhosis status. On multivariable analysis, ad-
vanced age, prior treatment failure, cirrhosis, active HCC,
and GT3/4 were independent predictors of lower SVR12,
while being Asian was a significant predictor of achieving
SVR12. Conclusions: In this diverse multinational real-
world cohort of patients with various GTs, the overall cure
rate was 96.9%, despite large numbers of patients with cir-
rhosis, HCC, TE, and GT3/6. SVR12 for GT3/6 with cirrhosis
and TE was lower but still excellent (>91%).
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Introduction

Hepatitis C virus (HCV) infection is a significant global health
problem. Chronic hepatitis C (CHC) can result in the progres-
sion of liver disease, including liver cirrhosis, hepatocellular
carcinoma (HCC), and liver-related mortality.! As of 2020,
an estimated 56.8 million individuals worldwide are affected
by chronic HCV infection, indicating a decrease from the 71
million estimated in 2015.2 However, despite this decline,
the goal of globally eliminating HCV by 2030 remains dis-
tant. The advent of direct-acting antiviral (DAA) medications
has revolutionized the treatment of HCV infection by allow-
ing shorter treatment durations and enhancing the efficiency
of sustained virological response (SVR). Achieving SVR im-
proves patient outcomes by reducing the risk of liver disease
progression and its associated complications.3-6

Globally, HCV genotypes (GTs) 1, 2, 3, 4, and 6 are the
most prevalent. HCV GTs can play a crucial role in pre-
dicting the risk of disease progression and the response
to treatment. For example, GT3 has been associated with
an increased risk of treatment failure and the emergence
of resistance-associated substitutions.”.#8 HCV GT distribu-
tion also varies geographically, with GT1 accounting for the
highest proportion of HCV cases globally (46.2%) and being
the predominant GT in most Western countries. GT3 is the
second most common genotype (30.1%) and is more prev-
alent in South Asia and Western China. Other GTs, including
GT2 (9.1%), GT4 (8.3%), and GT6 (5.4%), are more com-
mon in East and Southeast Asia, North Africa, and the Mid-
dle East.9-1! Geographical variations in HCV GT distribution,
access to healthcare, and the availability of effective treat-
ment options all contribute to the complexity of treatment
outcomes. Consequently, conducting a global real-world
HCV study encompassing data from both East and West is
important and can guide medical practice and public health
policy to achieve the 2030 HCV elimination goal.

In this study, using a large cohort of patients with CHC
derived from the Real-World Evidence from the Asia Liver
Consortium for HCV (REAL-C) database, we aimed to assess
the effectiveness and tolerability of DAA treatment in routine
clinical practice for patients infected with all HCV GTs. Since
GT3 is still more difficult to treat, especially for patients with
GT3b and cirrhosis, and there are still conflicting data on low
SVR rates for GT6,7.8:12-14 thjs study focused on SVR out-
comes and factors associated with lower treatment response
for patients with GT3 and GT6 infections.

Methods

Study design and study patients

This multinational, non-interventional study extracted pa-
tient data from the REAL-C database using a standardized
case report form and unified variable definitions at each
study center. REAL-C is an international consortium com-
prising 39 study centers from North America, Europe, and
the Asia-Pacific region. Details of this registry have been de-
scribed previously and include CHC patients monitored and
treated in routine practice.l> The study was conducted by
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the Declaration of Helsinki and approved by the Institutional
Review Board at Stanford University, Stanford, CA, USA, and
at each participating study center.

Patients were included if they were adults (18 years or
older), received any interferon (IFN)-free DAA regimen for
the treatment of CHC of any GT between July 1, 2014, and
July 1, 2021, regardless of a history of cirrhosis or HCC, prior
treatment, and had adequate medical records for the pri-
mary endpoint assessment. Patients with a prognosis of < 12
months were excluded.

Study assessment

Patient demographic information, clinical characteristics,
and laboratory data were collected at baseline. The demo-
graphic information included age, gender, and race/ethnicity.
The clinical characteristics included the presence of cirrhosis,
active/inactive HCC, co-infection with HBV/HIV, comorbidi-
ties, treatment history, and the specific DAA treatment regi-
mens administered. Patients with inactive HCC were defined
as those who had undergone local ablation (such as alcohol
injection, radiofrequency ablation, or microwave ablation),
surgical resection, or liver transplantation and had no evi-
dence of HCC recurrence on imaging within the three months
preceding the initiation of DAA treatment. The choice of an-
tiviral therapy was solely determined by the treating physi-
cian, taking into consideration factors such as HCV GTs, lo-
cal preferences, insurance coverage, prior treatment history,
and the presence of cirrhosis.

The baseline laboratory data included HCV GT, platelet
count, total bilirubin, alanine aminotransferase, aspartate
aminotransferase, albumin, creatinine, estimated glomerular
filtration rate, fibrosis-4 index, and aspartate aminotrans-
ferase to platelet ratio index. The HCV RNA viral load was
determined both at the time of DAA initiation and 12 weeks
after the end of treatment using a real-time reverse tran-
scriptase polymerase chain reaction assay.

The primary endpoint was the achievement of SVR12, de-
fined as an undetectable HCV RNA level (with a detection
threshold of 25 IU/mL or lower) at 12 weeks after the com-
pletion of treatment. The secondary endpoint was the as-
sessment of tolerability, including treatment-related adverse
events (AEs), treatment discontinuation, and death.

Statistical analysis

Categorical variables were expressed as numbers (percent-
ages) and evaluated by x2 or Fisher’s exact test as appropri-
ate. Continuous variables were expressed as meanz+standard
deviation and evaluated by Student’s t-test for normally dis-
tributed data or Mann-Whitney U-tests if not. Logistic regres-
sion analysis was used to identify any independent baseline
factors influencing treatment response. We estimated the
odds ratio (OR) associated with achieving SVR12 in each
subgroup and its 95% confidence intervals (95% CI). Factors
included in the logistic regression models were chosen based
on prior knowledge, and those with an univariable OR value
of p < 0.1 were considered for inclusion in the multivariable
model. A two-tailed p < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using STATA
version 17.0 (StataCorp LLC, USA).

Results

Patient characteristics and treatment regimens

Our study analyzed a total of 15,849 patients treated with IFN-
free DAA in routine practice from 39 centers across North Amer-
ica, Europe, and the Asia-Pacific region. As shown in Table 1,
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Table 1. (continued)

650

Geno-

All Geno-
types

Untyped GTs

(n

Genotype
6 (n

Genotype 2 Genotype 3 Genotype

Genotype 1

(n

=261)

=457)

4 (n=47) g":lf

10,246) (n=3,686) (n=1,151)
1,043 (37.1) 125 (23.0)

15,849)

(n
4,387 (37.6)

Characteristics

62 (27.9)
17 (7.8)
8 (3.7)

146 (34.3)
49 (11.5)
11 (2.6)

20 (51.3)
5 (13.2)
1(2.8)

2,991 (39.2)

656 (8.7)
443 (7.3)

11,674)
11,630)

Cardiovascular disease (n

DAA treatment regimens

Hypertension (n

45 (8.5)
27 (5.1)

254 (8.9)
146 (6.6)

1,026 (8.8)
636 (6.7)

Dyslipidemia (n

9,491)

0

1(0.1)

0
0

5(0.1)

2,351 (23.0)
1,527 (14.9)

825 (8.1)

2,357 (14.9)
1,603 (10.1)

847 (5.3)
4,856 (30.6)

DCV/ASV

1(0.4)

75 (2.0)
3(0.1)

PrOD+RBV
EBR/GZR

11 (4.2)
80 (30.7)
12 (4.6)
19 (7.3)

2 (0.4)
1 (100) 219 (47.9)

6 (12.8)
25 (53.2)
2 (4.3)

0

24 (2.1)

2,593 (70.4) 82 (7.1)

132 (3.6)

4,375 (42.7)

74 (0.7)

SOF/LDV£RBV
SOF/RBV

22 (4.8)
16 (3.5)
70 (15.3)

2,785 (17.6)
382 (2.4)

102 (8.9)
68 (5.9)

149 (4.0)

96 (0.9)

SOF/DCV+RBV
GLE/PIB

52 (19.9)
73 (28.0)
13 (5.0)

5 (10.6)
8 (17.0)
1(2.1)

494 (13.4)
205 (5.6)
30 (0.8)

530 (5.2)
381 (3.7)
87 (0.9)

1,219 (7.7)

122 (26.7)
6 (1.3)

851 (73.9)
23 (2.0)

1,640 (10.4)
160 (1.0)

SOF/VEL£RBV

Others

HCC, Hepatocellular carcinoma; HCV, Hepatitis C virus; HBV, Hepatitis B virus; HIV, Human immunodeficiency virus; DAA, Direct-acting antiviral; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase;
FIB-4, Fibrosis-4 index; APRI, AST to platelet ratio index; CTP, Child-Turcotte-Pugh; eGFR, Estimated glomerular filtration rate; SOF, Sofosbuvir; VEL, Velpatasvir; RBV, Ribavirin; DCV, Daclatasvir; ASV, Asunap-

revir; LDV, Ledipasvir; PrOD, Paritaprevir/ritonavir, ombitasvir + dasabuvir; EBR, Elbasvir; GZR, Grazoprevir; GLE, Glecaprevir; PIB, Pibrentasvir.
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the mean age of the cohort was 62+13 years, 49.6% were
male, and most were Asian (91.1%: 52.9% Japanese, 25.7%
Chinese and Taiwanese, 5.4% Korean, 3.3% Malaysian, and
2.9% Vietnamese), followed by White (6.4%), Hispanic/La-
tino (1.3%), Black/African-American (1.0%), American In-
dian/Alaska Native (0.1%), and others (0.3%). In this study,
24.9% were treatment-experienced (TE: 20.7% with IFN reg-
imens and 4.3% with DAA), 34.8% had cirrhosis (10.7% of
these with decompensated cirrhosis, classified as CTP class B
in 9.1% and CTP class Cin 1.6%), 8.6% had preexisting HCC
(78.6% inactive, 21.4% active), and 3.0% and 1.7% were
co-infected with HBV or HIV, respectively. In addition, com-
mon comorbidities included hypertension (37.6%), diabetes
(18.9%), dyslipidemia (8.8%), and cardiovascular disease
(6.7%) (Table 1).

Patients were primarily infected with HCV GT1 (10,246
[64.6%]), followed by GT2 (3,686 [23.2%]), GT3 (1,151
[7.2%]), GT6 (457 [2.8%]), GT4 (47 [0.3%]), untyped
GTs (261 [1.6%]), and there was only 1 case of GT5 (1
[0.006%]). Prescribed DAA regimens were also diverse,
with the most commonly used being sofosbuvir/ledipasvir
(SOF/LDV)=ribavirin (RBV) (30.6%), followed by SOF + RBV
(17.6%), daclatasvir + asunaprevir (DCV/ASV) (14.9%),
SOF/velpatasvir (VEL)£RBV (10.4%), paritaprevir/ritonavir,
ombitasvir + dasabuvir (PrOD)£RBV (10.1%), glecaprevir/
pibrentasvir (GLE/PIB) (7.7%), elbasvir/grazoprevir (EBR/
GZR) (5.3%), SOF + DCV£RBV (2.4%), and others (1.0%).

SVR12 outcomes

Overall, SVR12 was achieved in 96.9% (95% CI: 96.6-
97.1%, all DAA-based regimens and all GTs combined). Fig-
ure 1 displayed the SVR12 outcomes by demographic charac-
teristics and DAA regimens. The SVR12 rates were generally
comparable for both males (96.6%) and females (97.0%).
By age group, patients older than 60 years had a slightly
lower SVR12 rate (96.4%) compared to those younger than
60 years (97.4%) (p=0.001). By GTs, SVR12 was >95%
for GT1/2/3/6, while it was 91.5% for GT4 (p < 0.001).
Moreover, cirrhosis (94.8% vs. 97.9% without cirrhosis; p <
0.001), history of HCC (94.0% vs. 97.1% without HCC; p <
0.001), especially for active HCC (91.5% vs. 95.0% inactive
HCC; p < 0.001), prior treatment failure (95.4% vs. 97.3%
with treatment-naive; p < 0.001), as well as renal dysfunc-
tion (95.5% vs. 96.9% without renal dysfunction; p=0.003),
all had negative impacts on SVR12 rates, though the incre-
mental differences were not large.

Figure 2 displayed SVR12 outcomes for patients strati-
fied by GTs, liver cirrhosis, and prior treatment history.
Overall, patients with TE cirrhosis had the lowest SVR12
(93.2%, 95% CI: 91.9-94.3%), compared with treatment-
naive cirrhotic (95.6%, 95% CI: 94.9-96.2%), TE non-cir-
rhotic (97.1%, 95% CI: 96.3-97.8%), and treatment-naive
non-cirrhotic (98.1%, 95% CI: 97.8-98.4%) (p < 0.001).
Among GT3-infected patients, although the overall SVR12
was 95.1% (1,095/1,151, 95% CI: 93.7-96.3%), signifi-
cantly lower SVR12 was observed in TE patients, regardless
of cirrhosis status (85.7-89.1%). Notably, GT3b patients had
lower SVR12 than those with GT3a (94.0% vs. 98.2%; p <
0.001). For GT3b-infected, TE patients had significantly lower
SVR12 (10/13, 76.9%, 95% CI: 46.2-95.0%) compared to
treatment-naive patients (224/236, 94.9%, 95% CI: 91.3-
97.4%). However, for GT3a-infected, the lowest SVR12 was
observed in patients with TE CHC while it was still over 92%.
Among GT6-infected patients, the overall SVR12 rate was
98.3% (449/457, 95% CI: 96.6-99.2%) (Fig. 1), with slight-
ly lower response at 93.8% (95% CI: 79.2-99.2%) among
those with TE cirrhosis, while SVR12 for all treatment-naive
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Treatment regimens n/N SVR12 (%) (95%Cl) P value
Overall 15349/15849 96.9 (96.6-97.1) <0.001 -
DCV/ASV 2217/2357 94.1 (93.0-95.0) —
PrOD + RBV 1562/1603 97.4 (96.5-98.2) ——
EBR/GZR 834/847 98.2 (97.1-99.0) —
SOF/LDV + RBV 4762/4856 98.1(97.6-98.4) -
SOF/RBV 2680/2785 96.2 (95.5-96.9) ——
SOF/DCV + RBV 366/382 95.8 (93.3-97.6) e —
GLE/PIB 1192/1219 97.8 (96.8-98.5) —
SOF/VEL + RBV 1584/1640 96.6 (95.6-97.4) —
Others 154/160 96.3 (92.0-98.6) _—
Sex
Male 7602/7866 96.6 (96.2-97.0) 0.15 -
Female TT47/7983 97.0 (96.6-97.4) -
Age
<60 6500/6673 97.4 (97.0-97.8) 0.001 -
260 8849/9176 96.4 (96.0-96.8) -
Fibrosis stage
CH 10118/10333 97.9 (97.6-98.2) <0.001 -
LC 5217/5502 94.8 (94.2-95.4) —-—
History of HCC
No 14043/14459 97.1 (96.8-97.4) <0.001 -
Yes 1271/1352 94.0 (92.6-95.2) —_—
HCC status
Inactive 979/1031 95.0 (93.4-96.2) <0.001 —_—
Active 257/281 91.5 (87.6-94.5) _—
Prior treatment
Naive 11488/11803 97.3 (97.0-97.6) <0.001 -
Experienced 3742/3922 95.4 (94.7-96.0) ——
GT
1 9942/10246 97.0 (96.7-97.4) <0.001 -
2 3564/3686 96.7 (96.1-97.2) —
3 1095/1151 95.1 (93.7-96.3) —_—
4 43/47 91.5 (79.6-97.6)
6 449/457 98.3 (96.6-99.2) —_—
Renal dysfunction
No 12949/13358 96.9 (96.6-97.2) 0.003 -
Yes 1446/1514 95.5 (94.3-96.5) —_—
75 80 85 90 95 100

Fig. 1. Sustained virologic response at week 12 after end-of-treatment (SVR12) rates for patients with chronic hepatitis C. Renal dysfunction was defined
as an estimated glomerular filtration rate (eGFR) less than 60 (mL/m/1.73 m2). HCC, Hepatocellular carcinoma; CH, Chronic hepatitis; LC, Liver cirrhosis; GT, Geno-
type; SOF, Sofosbuvir; VEL, Velpatasvir; RBV, Ribavirin; DCV, Daclatasvir; ASV, Asunaprevir; LDV, Ledipasvir; PrOD, Paritaprevir/ritonavir, ombitasvir + dasabuvir; EBR,
Elbasvir; GZR, Grazoprevir; GLE, Glecaprevir; PIB, Pibrentasvir; CI, Confidence interval.

patients was 97.5% regardless of cirrhosis status. Addition-
ally, among patients with GT1 or GT2 infection, significantly
lower treatment responses were observed in patients with TE
cirrhosis, though still over 90%.

The treatment responses in patients stratified by GT3 or
GT6 and different regimens were shown in Supplementary
Table 1. Among patients with GT3 infection, the best SVR12
was 96.2% with SOF/VEL£RBV (95% CI: 94.7-97.4%), fol-
lowed by 95.8% with SOF/LDV£RBV (95% CI: 78.9-99.9%),
94.1% with GLE/PIB (95% CI: 85.6-98.4%), 91.5% with
SOF + RBV (95% CI: 83.2-96.5%), and 88.2% with SOF +
DCV£RBV (95% CI: 80.4-93.8%). Among patients with GT6
infection, the SVR12 rates were > 97.5% with SOF-based
regimens and 100% with GLE/PIB.

Factors associated with treatment response

Using a multivariable logistic regression analysis, significant
independent factors associated with lower SVR12 included
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age over 60 years (adjusted odds ratio [aOR], 0.74; p=0.01),
prior treatment failure (aOR, 0.64; p < 0.001), cirrhosis
(compensated: aOR, 0.55; p < 0.001; decompensated: aOR,
0.20; p<0.001), active HCC (aOR, 0.58; p=0.03, compared
with non-HCC), and HCV GT3 and GT4 (aOR, 0.48; p=0.01
and aOR, 0.30; p=0.04; compared with GT1). However, be-
ing Asian (aOR, 1.81; p < 0.001) compared to non-Asian was
a significant independent predictor for achieving SVR12, and
there was no significant difference between inactive HCC and
non-HCC (aOR, 0.86 [0.62-1.18]; p=0.34) (Table 2).
Among GT3-infected patients, significant factors indepen-
dently associated with lower SVR12 included decompensat-
ed cirrhosis, with patients being 81% less likely to achieve
SVR12 compared to those without cirrhosis (aOR, 0.19; p
< 0.001), while Asians were significant independent predic-
tors for achieving SVR12 (aOR, 4.05; p=0.01) (Table 3).
For patients with GT3b, TE (OR 0.12, 95% CI 0.03-0.57;
p=0.01) and HCV RNA >800,000 IU/mL (OR 3.94, 95% CI
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Subgroups n/N SVR12 (%) (95%Cl) P value

Overall GTs
LC+TE 1585/1701 93.2 (91.9-94.3) -
LC+TN 3581/3746 95.6 (94.9-96.2) - <0.001
CH+TE 2157/2221 97.1 (96.3-97.8) - '
CH+TN 7894/8044 98.1 (97.8-98.4) .

Overall GT1
LC+TE 1272/1358 93.7 (92.2-94.9) -
LC+TN 2264/2350 96.3 (95.5-97.1) - <0.001
CH+TE 1593/1637 97.3 (96.4-98.0) - ’
CH+TN 4726/4812 98.2 (97.8-98.6) "

Overall GT2
LC+TE 195/215 90.7 (86.0-94.2) —
LC+TN 746/782 95.4 (93.7-96.8) - <0.001
CH+TE 463/476 97.3 (95.4-98.5) - ’
CH+TN 2137/2188 97.7 (96.9-98.3) -

Overall GT3
LC+TE 57/64 89.1 (78.8-95.5) _—
LC +TN 369/403 91.6 (88.4-94.1) —_ <0.001
CH+TE 30/35 85.7 (69.7-95.2) _—— ’
CH+TN 633/643 98.4 (97.2-99.3) -

Overall GT3a
LC+TE 19/20 95.0 (75.1-99.9) _—
LC+TN 153/159 96.2 (92.0-98.6) —_- 0.02
CH+TE 13/14 92.9 (66.1-99.8) ’
CH+TN 357/359 99.4 (98.0-99.9) -

Overall GT3b
LC+TE 3/4 75.0 (19.4-99.4)
LC+TN 112/122 91.8 (85.4-96.0) —_— 0.01
CH+TE 719 77.8 (40.0-97.2) '
CH+TN 112/114 98.3 (93.8-99.8) —

Overall GT6
LC+TE 30/32 93.8 (79.2-99.2) _—
LC+TN 120/123 97.6 (93.0-99.5) — 0.03
CH+TE 42/44 95.5 (84.5-99.4) —_— ’
CH+TN 253/254 99.6 (97.8-99.9) -

0

40 60 80 100

Fig. 2. Sustained virologic response at week 12 after end-of-treatment (SVR12) rates for patients with chronic hepatitis C virus stratified by geno-
types (GTs), liver fibrosis stage, and prior treatment. CH, Chronic hepatitis; LC, Liver cirrhosis; TE, Treatment-experienced; TN, Treatment-naive; CI, Confidence

interval.

1.14-13.61; p=0.03) were associated with treatment failure
(Table 4). Among GT6-infected patients, active HCC was the
strongest independent predictor for treatment failure (OR
0.01, 95% CI 0.0002-0.36; p=0.01), but this was not true
for inactive HCC (p=0.62). Moreover, TE patients were 83%
less likely to achieve SVR than treatment-naive patients (OR,
0.17; p=0.03) (Table 5).

Among GT1-infected patients, significant factors indepen-
dently associated with lower SVR12 were age over 60 years
(aOR, 0.69; p=0.01), prior treatment failure (aOR, 0.64; p
< 0.001), decompensated and compensated cirrhosis (aOR,
0.19; p < 0.001 and aOR, 0.56; p < 0.001; respectively)
(Supplementary Table 2). Among GT2-infected patients, de-
compensated cirrhosis (OR, 0.27; p=0.003) and compen-
sated cirrhosis (OR, 0.47; p < 0.001) were significant factors
independently associated with lower SVR12 (Supplementary
Table 3).

Treatment tolerability

Supplementary Table 4 displayed the safety profile for pa-
tients stratified by different regimens. The overall incidence
of AEs was low, with the most common AEs being fatigue
(5.5%), pruritus (2.7%), insomnia (1.9%), headache
(1.8%), and nausea (1.5%). AEs by DAA regimens are shown
in Supplementary Table 4. Additionally, 319 patients (2.18%)
discontinued treatment prematurely. The most common
causes for early discontinuation were liver injury (0.3%),
non-compliance (0.2%), and viral breakthrough (0.2%),
with other reasons including patient choice, loss to follow-
up, HCC diagnosis/recurrence, and other AEs such as fever,
nausea, vomiting, and pruritus. Higher rates of treatment
interruption were seen in patients receiving DCV/ASV (6.4%,
144/2,249), PrOD+RBV (3.2%, 43/1,346), and GLE/PIB
(2.2%, 24/1,115), while it was less than 1.3% for other regi-
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Table 2. Univariate and multivariate analyses of baseline factors associated with SVR12 in patients with HCV infection (all GTs)8

Univariate Analysis

Multivariate Analysis

Factors Category
Odds Ratio (95% CI) p-Value Odds Ratio (95% CI) p-Value

Age, years <60 1 (Referent) 1 (Referent)

>60 0.72 (0.60-0.87) 0.001 0.74 (0.59-0.92) 0.01
Sex Female 1 (Referent) 1 (Referent)

Male 0.88 (0.73-1.05) 0.15 0.91 (0.74-1.11) 0.33
Ethnicity Non-Asian 1 (Referent) 1 (Referent)

Asian 1.94 (1.51-2.49) < 0.001 1.81(1.30-2.53) < 0.001
Prior treatment No 1 (Referent) 1 (Referent)

Yes 0.57 (0.47-0.69) < 0.001 0.64 (0.52-0.78) < 0.001
Liver fibrosis Non-cirrhosis 1 (Referent) 1 (Referent)

Compensated cirrhosis 0.45 (0.37-0.55) < 0.001 0.55(0.44-0.68) < 0.001

Decompensated cirrhosis ~ 0.18 (0.13-0.24) < 0.001 0.20(0.14-0.29) < 0.001
HCC Non-HCC 1 (Referent) 1 (Referent)

Ablated HCC 0.56 (0.42-0.75) < 0.001 0.86(0.62-1.18) 0.35

Active HCC 0.32 (0.21-0.49) < 0.001 0.58(0.36-0.94) 0.03
CKD, eGFR < 60 No 1 (Referent) 1 (Referent)

Yes 0.67 (0.52-0.87) 0.003 0.85 (0.63-1.13) 0.26
HBV co-infection No 1 (Referent)

Yes 1.54 (0.72-3.27) 0.27 = =
HIV co-infection No 1 (Referent)

Yes 4.25 (0.59-30.6) 0.15 = =
HCV RNA, IU/mL <800,000 1 (Referent) 1 (Referent)

>800,000 1.17 (0.97-1.41) 0.10 1.01 (0.83-1.24) 0.91
Genotypes GT1 1 (Referent) 1 (Referent)

GT2 0.89 (0.72-1.11) 0.30 0.68 (0.42-1.09) 0.11

GT3 0.60 (0.47-0.80) 0.001 0.48 (0.29-0.81) 0.01

GT4 0.33 (0.12-0.92) 0.03 0.30 (0.09-0.94) 0.04

GT6 1.72 (0.85-3.48) 0.14 0.96 (0.43-2.18) 0.93
DAA regimens DCV/ASV 1 (Referent) 1 (Referent)

PrOD£RBV 2.41 (1.69-3.43) < 0.001 2.96 (2.00-4.36) < 0.001

EBR/GZR 3.50 (2.04-6.00) < 0.001 3.73(1.95-7.11) < 0.001

SOF/LDV+£RBV 3.20 (2.45-4.17) < 0.001 3.54 (2.63-4.76) < 0.001

SOF/RBV 1.61 (1.24-2.09) < 0.001 1.96(1.15-3.35) 0.01

SOF/DCV£RBV 1.44 (0.85-2.45) 0.17 2.55 (1.27-5.12) 0.01

GLE/PIB 2.79 (1.84-4.23) < 0.001 3.29(1.95-5.57) < 0.001

SOF/VEL+RBV 1.79 (1.30-2.45) < 0.001 3.07 (1.79-5.27) < 0.001

Others 1.62 (0.70-3.73) 0.26 3.46 (1.34-8.93) 0.01

§5,995 patients with data for all variables, and 13,971 of 15,849 (88.2%) patients were included in the multivariable model, which does not include HBV and HIV. HBV
and HIV were not used in the multivariable models since they were not significant predictors in the univariable analysis. HCV, Hepatitis C virus; HBV, Hepatitis B virus;
HIV, Human immunodeficiency virus; CKD, Chronic kidney disease; eGFR, Estimated glomerular filtration rate; HCC, Hepatocellular carcinoma; GT, Genotype; SVR,
Sustained virological response; DAA, Direct-acting antiviral; SOF, Sofosbuvir; VEL, Velpatasvir; RBV, Ribavirin; DCV, Daclatasvir; ASV, Asunaprevir; LDV, Ledipasvir;
PrOD, Paritaprevir/ritonavir, ombitasvir + dasabuvir; EBR, Elbasvir; GZR, Grazoprevir; GLE, Glecaprevir; PIB, Pibrentasvir; CI, Confidence interval.
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Table 3. Univariate and multivariate analysis of baseline factors associated with SVR12 in patients with HCV GT38§

Univariate analysis

Multivariate analysis

Factors Category
Odds Ratio (95% CI) p-Value Odds Ratio (95% CI) p-Value

Age, years <60 1 (Referent) 1 (Referent)

>60 0.48 (0.26-0.90) 0.02 1.16 (0.52-2.62) 0.71
Sex Female 1 (Referent) 1 (Referent)

Male 0.86 (0.43-1.74) 0.68 0.72 (0.31-1.64) 0.43
Ethnicity Non-Asian 1 (Referent) 1 (Referent)

Asian 5.19 (2.98-9.03) < 0.001 4.05(1.43-11.5) 0.01
Prior treatment No 1 (Referent) 1 (Referent)

Yes 0.32 (0.16-0.62) 0.001 0.49 (0.20-1.19) 0.12
Liver fibrosis Non cirrhosis 1 (Referent) 1 (Referent)

Compensated cirrhosis 0.40 (0.20-0.81) 0.01 0.49 (0.22-1.10) 0.08

Decompensated cirrhosis 0.10 (0.05-0.21) < 0.001 0.19 (0.08-0.46) < 0.001
HCC Non-HCC 1 (Referent) 1 (Referent)

Ablated HCC 0.29 (0.11-0.75) 0.01 0.81 (0.25-2.58) 0.72

Active HCC 0.18 (0.07-0.49) 0.001 0.37 (0.20-1.37) 0.14
CKD, eGFR < 60 No 1 (Referent)

Yes 0.54 (0.21-1.35) 0.18 = =
HBV co-infection No 1 (Referent)

Yes 2.98 (0.18-49.5) 0.45 = =
HIV co-infection  No 1 (Referent)

Yes 1.57 (0.30-8.20) 0.59 = =
HCV RNA, IU/mL <800,000 1 (Referent) 1 (Referent)

>800,000 2.04 (1.17-3.55) 0.01 1.02 (0.52-2.03) 0.95
Genotypes GT3a 1 (Referent) 1 (Referent)

GT3b 0.29 (0.13-0.65) 0.003 0.55 (0.19-1.58) 0.27

GT3 unspecified 0.19 (0.10-0.39) < 0.001 0.59(0.21-1.62) 0.30
DAA regimens SOF/DCV£RBV 1 (Referent) 1 (Referent)

SOF/RBV 1.39 (0.53-3.61) 0.50 0.93 (0.29-2.91) 0.90

GLE/PIB 1.98 (0.64-6.09) 0.23 1.68 (0.43-6.56) 0.45

SOF/VEL+RBV 3.48 (1.75-6.92) < 0.001 1.32(0.49-3.60) 0.59

SOF/LDV 2.16 (0.37-12.5) 0.39 2.54 (0.36-17.7) 0.35

5861 patients with data for all variables, and 1,001 of 1,151 (87.0%) patients were included in the multivariable model, which does not include HBV and HIV. HBV
and HIV were not used in the multivariable models since they were not significant predictors in the univariable analysis. HCV, Hepatitis C virus; HBV, Hepatitis B virus;
HIV, Human immunodeficiency virus; CKD, Chronic kidney disease; eGFR, Estimated glomerular filtration rate; HCC, Hepatocellular carcinoma; GT, Genotype; SVR,
Sustained virological response; DAA, Direct-acting antiviral; SOF, Sofosbuvir; VEL, Velpatasvir; RBV, Ribavirin; DCV, Daclatasvir; LDV, Ledipasvir; GLE, Glecaprevir;

PIB, Pibrentasvir; CI, Confidence interval.

mens. Serious adverse events (SAEs) occurred in 90 patients
(0.6%), with the most common SAEs being decompensation
(0.06%), HCC progression (0.03%), renal events (0.02%),
cerebral hemorrhage (0.02%), and anemia (0.02%).

Discussion

The emergence of DAAs has dramatically transformed the
HCV treatment landscape, but clinical practice patterns and
HCV GT distribution vary by geographic region. We presented
a large, multinational study including patients infected with
HCV GTs 1-6 who received DAAs in a "real-world" setting.

654 Journal of Clinical and Translational Hepatology 2024 vol. 12(7)

Overall, the SVR12 rate was 96.9%, with rates exceeding
90% in almost all subgroups, including patients with ad-
vanced age, renal dysfunction, prior treatment failure, cir-
rhosis, and HCC. Among the GTs, the cure rates were 97.0%
for GT1, 96.7% for GT2, 95.1% for GT3, 91.5% for GT4,
and 98.3% for GT6 (Fig. 1). The single patient with GT5 was
treatment-naive, noncirrhotic, and was cured with SOF/LDV.
Independent predictors of lower SVR12 included age over 60
years, prior treatment failure, cirrhosis, active HCC, and GT3
or GT4. Conversely, being Asian was a significant predictor
of achieving SVR12, and there was no significant difference
in SVR12 between patients with non-HCC and inactive HCC.
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Table 4. Univariate and multivariate analysis of baseline factors associated with SVR12 in patients with HCV GT3b$

Univariate analysis

Multivariate analysis

Factors Category
Odds Ratio (95% CI) p-Value Odds Ratio (95% CI) p-Value

Age, years <60 1 (Referent) 1 (Referent)

>60 0.64 (0.13-3.02) 0.57 0.49 (0.10-2.48) 0.39
Sex Female 1 (Referent) 1 (Referent)

Male 1.34 (0.44-4.06) 0.61 1.09 (0.30-3.96) 0.90
Prior treatment No 1 (Referent) 1 (Referent)

Yes 0.18 (0.04-0.73) 0.02 0.12 (0.03-0.57) 0.01
Liver fibrosis Non cirrhosis 1 (Referent) - -

Compensated cirrhosis 0.82 (0.15-4.64) 0.83 — -

Decompensated cirrhosis 0.40 (0.07-2.33) 0.31 - -
HCC No 1 (Referent) = =

Yes 0.60 (0.13-2.87) 0.53 - -
CKD, eGFR < 60 No 1 (Referent)

Yes 1.24 (0.15-9.99) 0.84 - -
HIV co-infection No 1 (Referent)

Yes 1.84 (0.23-14.6) 0.56 - -
HCV RNA, IU/mL  <800,000 1 (Referent) 1 (Referent)

>800,000 3.87 (1.16-13.0) 0.03 3.94 (1.14-13.61) 0.03
DAA regimens SOF/VEL£RBV 1 (Referent) - -

Others 1.37 (0.42-4.43) 0.60 - -

§167 patients with data for all variables, and 236 of 249 (94.8%) patients were included in the multivariable model, which does not include HIV. There are not enough
patients for variables of HBV and active/ablated HCC. HCV, Hepatitis C virus; HBV, Hepatitis B virus; HIV, Human immunodeficiency virus; CKD, Chronic kidney disease;
eGFR, Estimated glomerular filtration rate; HCC, Hepatocellular carcinoma; GT, Genotype; SVR, Sustained virological response; DAA, Direct-acting antiviral; SOF, So-
fosbuvir; VEL, Velpatasvir; RBV, Ribavirin; DCV, Daclatasvir; LDV, Ledipasvir; GLE, Glecaprevir; PIB, Pibrentasvir; CI, Confidence interval.

The study also found that the overall incidence of AEs was
low, with common AEs including fatigue, pruritus, insomnia,
headache, and nausea. SAEs were rare (0.6%), and none led
to death. Early treatment discontinuation was also uncom-
mon in this large cohort (2.2%).

GT3 is the second most common HCV GT worldwide, and
patients infected with GT3, especially the 3b subtype, re-
main a difficult-to-cure population.1213 Qur results showed
an overall high SVR12 rate of 95.1% for GT3 patients,
but a lower SVR12 in TE patients with or without cirrhosis
(85.7-89.1%), largely due to TE patients infected with GT3b
(75-77%). Moreover, decompensated cirrhosis, rather than
compensated cirrhosis, was an independent predictor of
treatment failure in GT3 patients, and a high HCV viral load
increased the risk of treatment failure by 3.9 times com-
pared to patients with a low HCV RNA. A large cohort study
from Thailand showed an overall SVR12 of 96.7% in HCV
GT3 patients who received SOF-based+RBV regimens, but
it was 88.4% in patients with decompensated cirrhosis, and
57.1% for TE decompensated cirrhotic patients with GT3b.12
A multicenter phase 3 clinical trial in Asia showed an overall
SVR12 of 86% in GT3 patients treated with SOF/VEL, while it
was only 50% in GT3b patients with cirrhosis.13

On the other hand, our study found that SOF-based+RBV
regimens were highly efficacious in HCV GT3-infected pa-
tients, with the highest SVR12 of 96.2% achieved by SOF/
VEL£RBV (98.1% for GT3a and 93.4% for GT3b) (Supple-
mentary Table 1). This supports the current recommenda-
tion for GT3 treatment with an IIB evidence grade by the

2023 HCV guidelines of the American Association for the
Study of Liver Diseases and the Infectious Disease Society
of America.1® SOF/VEL, as a protease inhibitor-free regimen,
was recommended for treatment-naive or non-cirrhotic TE
patients with GT3 infection for 12 weeks, or in combination
with RBV for decompensated cirrhosis for 12/24 weeks.16:17
A multicenter phase 2 clinical study across Australia, New
Zealand, and the United States found that SOF/VEL com-
bination therapy for TE GT3 patients was highly effective,
with an SVR12 of 88% without RBV and 96% with RBV.18 A
phase 2 clinical study from Spain showed an SVR12 of 91%
with SOF/VEL and 96% with SOF/VEL+RBV in GT3 patients
with compensated cirrhosis.1® Furthermore, a phase 3 clinical
study in the United States showed that 12-week SOF/VEL,
24-week SOF/VEL, or 12-week SOF/VEL + RBV in GT3 pa-
tients with decompensated cirrhosis achieved SVR12 rates
of 50%, 50%, and 85%, respectively.2® Notably, SOF/VEL
+ RBV treatment of refractory GT3 patients can still achieve
a high SVR12 rate, including patients with GT3b (93.4% in
our study). High SVR12 rates among GT3 patients have been
shown in real-world settings using SOF/VEL; however, few
patients with GT3b were included.?! In settings where the
cost and availability of HCV genotyping may be limited (e.g.,
HCV microelimination through outreach programs) and the
prevalence of GT3b is low, pangenotypic SOF-based DAA
regimens could be a reasonable and cost-effective approach.
However, the efficacy of this regimen in GT3b patients with
treatment experience or cirrhosis needs further evaluation.
Therefore, despite the relatively high SVR12 based on DAA
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Table 5. Univariate and multivariate analysis of baseline factors associated with SVR12 in patients with HCV GT68

Univariate analysis

Multivariate analysis

Factors Category
Odds Ratio (95% CI) p-Value Odds Ratio (95% CI) p-Value

Age, years <60 1 (Referent) 1 (Referent)

>60 1.02 (0.27-3.83) 0.97 1.35 (0.26-7.14) 0.73
Sex Female 1 (Referent) 1 (Referent)

Male 0.43 (0.10-1.89) 0.27 0.56 (0.11-2.91) 0.50
Ethnicity Non-Asian 1 (Referent)

Asian 7.54 (0.36-156.86) 0.19 = =
Prior treatment No 1 (Referent) 1 (Referent)

Yes 0.19 (0.05-0.73) 0.02 0.17 (0.03-0.87) 0.03
Liver fibrosis Non cirrhosis 1 (Referent) 1 (Referent)

Compensated cirrhosis 0.30 (0.07-1.23) 0.09 0.64 (0.12-3.36) 0.60

Decompensated cirrhosis 0.48 (0.02-9.66) 0.63 1.86 (0.03-117.17) 0.77
HCC Non-HCC 1 (Referent) 1 (Referent)

Ablated HCC 0.12 (0.02-0.80) 0.03 0.45 (0.02-10.6) 0.62

Active HCC 0.04 (0.01-0.33) 0.002 0.01 (0.0002-0.36) 0.01
CKD, eGFR < 60 No 1 (Referent)

Yes 0.77 (0.13-4.52) 0.77 = =
HBV co-infection  No 1 (Referent)

Yes 0.26 (0.04-1.60) 0.15 = =
HIV co-infection No 1 (Referent)

Yes 0.29 (0.02-5.68) 0.42 - =
HCV RNA, IU/mL  <800,000 1 (Referent)

>800,000 1.17 (0.26-5.29) 0.84 = =
DAA regimens SOF/DCV£RBV 1 (Referent) 1 (Referent)

SOF/LDV£RBV 1.45 (0.07-28.1) 0.81 2.41 (0.09-62.5) 0.60

SOF/VEL£RBV 1.03 (0.05-20.9) 0.98 2.44 (0.07-83.7) 0.62

§260 patients with data for all variables, and 338 of 457 (74.0%) patients were included in the multivariable model, which does not include HBV and HIV. HBV and HIV
were not used in the multivariable models since they were not significant predictors in the univariable analysis. HCV, Hepatitis C virus; HBV, Hepatitis B virus; HIV, Hu-
man immunodeficiency virus; CKD, Chronic kidney disease; eGFR, Estimated glomerular filtration rate; HCC, Hepatocellular carcinoma; GT, Genotype; SVR, Sustained
virological response; DAA, Direct-acting antiviral; SOF, Sofosbuvir; VEL, Velpatasvir; RBV, Ribavirin; DCV, Daclatasvir; LDV, Ledipasvir; CI, Confidence interval.

achieved in patients with GT3, the treatment of HCV 3b sub-
type infection remains a clinical challenge, especially when
combined with cirrhosis and/or prior treatment failure, as
well as high HCV viral load.

Our study of over 15,000 diverse patients, including 1,352
HCC patients (281 with active HCC) from both the East and
the West, confirmed an important finding: inactive HCC was
not associated with a lower SVR12 compared to non-HCC
patients. Thus, the presence of HCC should not discourage
providers from treating viremic HCV patients with DAAs
though treatment should generally be delayed until HCC has
been adequately treated since active HCC was associated
with lower SVR, consistent with prior reports.22:23 The cur-
rent study expanded on prior knowledge of the interaction
between HCC and DAA treatment, including findings from an
earlier study from REAL-C that included only patients from
Asia which compared SVR12 rates of 436 pairs of matched
patients with HCV/HCC and HCV/non-HCC patients and
found that SVR12 for active HCC was significantly lower than
that with inactive HCC (85.5% vs. 93.7%; p=0.03). How-

ever, there was no statistically significant difference between
HCC (92.7%) and non-HCC (95.0%) groups.2* It should also
be noted that the SVR12 for active HCC in our study was
still fairly high at 91.5% (Fig.1), supporting prior suggestions
that HCV-related HCC should be treated with DAAs based on
a risk-benefit evaluation.25:26 However, DAA-based treatment
recommendations for patients with HCV-related HCC have
not been well-established across guidelines,!6:17 despite in-
creasing evidence that HCV-cured HCC patients have signifi-
cantly improved overall and liver-related survival compared
to those without SVR12.27:28 Therefore, additional patient
and provider education and clearer guideline recommenda-
tions are needed. This is especially important given the dis-
mally poor median 20-month overall survival for HCV-HCC
patients. Those who received DAA treatment had a higher
five-year survival rate compared to those untreated (47.2%
vs. 35.2%). Additionally, the DAA utilization rate was low at
23.5% in a nationwide cohort of 3,922 U.S. patients with
private insurance.29:30

Globally, data regarding the clinical features and treatment
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of HCV GT6 are limited. In this multicenter cohort, our study
included 457 patients with HCV GT6, 99% of whom were from
Asia (59.5% Vietnamese and 37.4% Chinese). Our study re-
ported an excellent SVR12 rate of 98.3% among patients with
GT6 infection, including those with TE cirrhosis (93.8%). HCV
GT6 is mostly found in Southern China and Southeast Asia
and has a higher prevalence in certain populations, such as
intravenous drug users.3! A study from Hong Kong showed
that the proportion of HCV GT6 infection among intravenous
drug users was approximately 58%, significantly higher than
among non-intravenous drug users (23%).32 Given the high
cure rate of HCV GT6 patients receiving DAA treatment, in-
cluding those with TE cirrhosis, it is recommended that people
at high risk of HCV GT6 infection, especially intravenous drug
users, should be screened and treated early to achieve the
2030 hepatitis C elimination target.

There were some limitations in our study. Firstly, this
study is a real-world investigation, and patients were not
randomly assigned to a specific DAA regimen. Instead, DAA
treatment options were chosen based on the availability of
DAAs in different regions at the time and the judgment of
clinicians. Despite this, our overall SVR12 remained high.
Secondly, although we performed multivariable regression
analyses to adjust for potential confounders, residual con-
founding effects may remain, and not all patients had de-
tailed records of important factors such as co-infection with
HBV or HIV.

Conclusion

This large international multicenter observational study of
patients with diverse GTs showed an overall SVR12 rate
of 96.9%, despite including many patients with cirrhosis,
HCC, prior treatment failure, and the use of older DAAs. Our
study demonstrates that for refractory GT3 patients, includ-
ing those with TE cirrhosis, SOF/VEL plus RBV can achieve
high cure rates, lending further support to recent practice
guideline recommendations. However, the efficacy of this
regimen for the GT3b subtype with prior treatment failure
or cirrhosis and high HCV viral load remains to be evalu-
ated. Meanwhile, the study observed a high overall SVR12
for GT6, a prevalent GT among injection drug users who
should be screened and promptly treated. Our study also
confirmed high SVR12 rates for patients with HCC, though
slightly lower for those with active HCC, underscoring the
need for additional guideline recommendations to increase
DAA utilization in this population.
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