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Abstract
Background/aims: Direct- acting antivirals (DAAs) are highly effective in treating 
chronic hepatitis C virus (HCV)- infected patients. The real- world treatment outcome 
in Taiwanese patients on a nationwide basis is elusive.
Methods: The Taiwan HCV Registry (TACR) programme is a nationwide registry 
platform including 48 study sites, which is organized and supervised by the Taiwan 
Association for the Study of the Liver. The primary endpoint was sustained virological 
response (SVR12, undetectable HCV RNA 12 weeks after end- of- treatment).
Results: A total of 13 951 registered patients with SVR12 data available were ana-
lysed (mean age, 63.0 years; female, 55.9%; HCV genotype- 1 [GT1], 57.9%; cirrho-
sis, 38.4%; preexisting hepatocellular carcinoma [HCC], 10.6%; and hepatitis B virus 
coinfection, 7.7%). The overall SVR12 rate was 98.3%, with 98.7%, 98.0%, 98.4% 
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and 97.4% in treatment- naïve noncirrhotic, treatment- naïve cirrhotic, treatment- 
experienced noncirrhotic and treatment- experienced cirrhotic patients, respectively. 
The SVR12 rate was > 95% across all subgroups except treatment- experienced cir-
rhotic patients who received sofosbuvir/ribavirin (88.7%), treatment- naïve noncir-
rhotic patients (94.8%) and treatment- experienced cirrhotic (94.8%) patients who 
received daclatasvir/asunaprevir. The most important factor associated with treat-
ment failure was DAA adherence < 60% ( adjusted odds ratio [aOR]/95% confidence 
interval [CI]: 117.1/52.4- 261.3, P < .001), followed by GT3/GT2 (aOR/CI: 5.78/2.25- 
14.9, P = .0003 and aOR/CI: 1.55/1.05- 2.29, P = .03, compared with GT1), active 
hepatocellular carcinoma (aOR/CI: 4.29/2.57- 7.16, P < .001), the use of sofosbuvir/
ribavirin (aOR/CI: 2.51/1.67- 3.77, P < .001) and daclatasvir/asunaprevir (aOR/CI: 
3.29/1.94- 5.58, P < .001), decompensated liver cirrhosis (aOR/CI: 2.50/1.20- 5.22, 
P = .02) and high HCV viral loads (aOR/CI: 2.16/1.57- 2.97, P < .001).
Conclusions: DAAs are highly effective in treating Taiwanese HCV patients in the 
real- world setting. Maintaining DAA adherence and selecting highly efficacious regi-
mens are keys to ensure treatment success.

K E Y W O R D S

CHC, DAA, HCV, real world, registry, Taiwan

Lay summary

Directly acting antivirals (DAAs) are highly effective in treating chronic hepatitis C virus (HCV) 
infected patients. The real- world treatment outcome in Taiwanese patients on a nationwide 
basis has never been addressed. Taiwan HCV Registry (TACR) programme is a nationwide regis-
try platform organized and supervised by the Taiwan Association for the Study of the Liver. By 
July 2020, 13 951 patients (including 4421 cirrhotic patients and 1473 HCC patients, respec-
tively) from 48 study sites participate in the programme. The study also comprised the largest 
cohort with hepatitis B dual infection (n = 1068). The primary endpoint was sustained virologi-
cal response (SVR12, undetectable HCV RNA 12 weeks after end- of- treatment). The overall 
SVR rate was 98.3%, with 98.7%, 98.0%, 98.4% and 97.4% in treatment- naïve noncirrhotic, 
treatment- naïve cirrhotic, treatment- experienced noncirrhotic and treatment- experienced cir-
rhotic patients, respectively. We denoted that the most important factor independently associ-
ated with treatment failure was DAA adherence < 60%. The SVR rate was 98.5% in the 1068 
HBV co- infected patients, which was similar to those with HCV monoinfection (98.3%, P = .61). 
The highly effective treatment outcome of DAAs could be explicitly translated to Taiwanese 
patients with different characteristics at the nationwide level.

1  | INTRODUC TION

Approximately 71 million individuals are chronically infected with 
hepatitis C virus (HCV), which accounts for a major disease burden 
worldwide.1 HCV eradication by antivirals reduces liver- related com-
plications, improves quality of life and prolongs lifespan in chronic 
hepatitis C (CHC) patients. With the introduction of all- oral direct- 
acting antivirals (DAAs) in 2014, high treatment efficacy and sat-
isfactory tolerability can ultimately be attained across all patient 
groups.2,3 The breakthrough landscape would bring about the goal 
of achieving HCV elimination in the foreseeable future.

HCV is endemic in Taiwan, with an estimated prevalence of 3.28% 
(1.8 − 5.5%) in the general population and > 10% in several HCV 
hyperendemic areas.4,5 There exists a considerable gap between 
clinical efficacy and community effectiveness in terms of HCV treat-
ment, which leaves > 70% of CHC patients being untreated in the 
interferon era.4,6 The Taiwan National Health Insurance (NHI) pro-
gramme started to reimburse DAAs in 2017, and more than 75 000 
CHC patients received DAAs until the end of 2019.7 Although sev-
eral real- world data regarding DAA treatment have been reported 
in Taiwan,8- 16 all were on a single- centre or small- scale basis, which 
failed to address potential causes of virological failure due to limited 
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sample size. Nationwide data depicting the treatment efficacy and 
tolerability of CHC patients receiving DAA in Taiwan are still lacking, 
especially data from special populations. Herein, we conducted a 
real- world multicentre cohort study using the nationwide HCV reg-
istry database in Taiwan. All patients from each participating site had 
well- characterized demographic and virological characteristics. The 
primary objective of the current study was to explore the real- world 
efficacy and factors associated with DAA failure in Taiwanese CHC 
patients at the national level.

2  | METHODS

The Taiwan Association for the Study of the Liver (TASL) HCV 
Registry (TACR) is a nationwide registry programme organized by 
the TASL that set up and manages the database and biobank of HCV 
patients who receive DAA therapy in Taiwan. By July 2020, 48 study 
sites, including 21 medical centres, 22 regional hospitals and five pri-
mary clinics, were participating in the registry. Individual patient re-
cords were reviewed, and data were extracted and validated at each 
participating study centre using a standardized case report form 
and a unified coding dictionary. Eligible patients were those who (1) 
were aged > 20 years, (2) had detectable HCV RNA and (3) received 
DAA- containing regimes for at least one dosage of any DAA and had 
treatment outcomes available. All the patients had precisely defined 
patient (including demographics, laboratory results, comorbidities 
and cirrhotic status) and virological characteristics (including HCV 
genotypes, viral loads and treatment outcomes) before and after 
antiviral treatment. The treatment regimens and strategies con-
formed to the regulations of the Health and Welfare Department 
of Taiwan 17 and regional guidelines.18,19 The study was approved by 
the institutional review board at each study site, which conformed 
to the guidelines of the International Conference on Harmonization 
for Good Clinical Practice. All patients provided written informed 
consent.

The primary endpoint was sustained virological response 
(SVR12, defined as undetectable HCV RNA [<12 or < 25 IU/mL 
depending on individual laboratory testing]) throughout 12 weeks 
of the post- treatment follow- up in patients with treatment out-
come available. Liver cirrhosis was defined by any of the following: 
liver histology,20 transient elastography (FibroScan®; Echosens, 
Paris, France) (>12 kPa),21 acoustic radiation force impulse 
(>1.98 m/s),22 fibrosis- 4 index (>6.5)23 or the presence of clinical, 
radiological, endoscopic or laboratory evidence of cirrhosis and/
or portal hypertension. Hepatocellular carcinoma (HCC) was con-
firmed by histological or clinical diagnosis based on the guidelines 
of the American Association for the Study of Liver Diseases24 or 
the Asian Pacific Association for the Study of the Liver.25 Patients 
with inactive HCC were defined as those with HCC who were 
subjected to local ablation (alcohol injection, radiofrequency or 
microwave), surgical resection or liver transplantation and who 
were without imaging evidence of recurrence within 3 months 
prior to DAA initiation.8 Hepatitis B virus (HBV) DNA levels were 

checked at baseline, Week 4 of treatment, end- of- treatment and 
3 months after the- end- of- treatment if feasible. HBV virological 
reactivation was defined as a > 1- log increase in HBV DNA from 
baseline in a patient with pretreatment detectable HBV DNA, or 
HBV DNA > 100 IU/mL in a patient with pretreatment undetect-
able HBV DNA. HBV clinical reactivation was defined as an alanine 
aminotransferase increase of > 2- fold from nadir and > 100 U/L 
or > 2- fold increase from baseline, concomitant with HBV reac-
tivation. The use of prophylactic or rescued nucleotide/nucle-
oside analogues (NAs) for HBV activation is at the investigators’ 
discretion.

2.1 | Statistical analyses

Frequency was compared between groups using the x2 test with 
the Yates correction or Fisher's exact test. Group means (presented 
as the mean standard deviation) were compared using analysis of 
variance and Student's t test or the nonparametric Mann– Whitney 
U test when appropriate. The estimated glomerular filtration rate 
(eGFR) was calculated using the modification of diet in renal dis-
ease (MDRD) Equation 26 Variables selected for analysing DAA 
treatment failure were those commonly presented patient charac-
teristics and demography. To explore the potential impact of drug 
compliance on DAA failure in the real world setting, the factor of 
treatment adherence was also put into analysis. DAA adherence 
was defined as the percentage of actual dosage being taken di-
vided by the anticipated DAA dosage throughout the treatment 
course in each subject. Stepwise logistic regression analysis was 
performed to determine factors associated with SVR12 by analys-
ing the covariates with a P value < 0.1 in the univariate analysis. 
Collinear test was applied to assess whether if the independent 
factors were highly correlated. The statistical analyses were per-
formed using the SPSS 12.0 statistical package (SPSS). All statis-
tical analyses were based on two- sided hypothesis tests with a 
significance level of P < .05.

3  | RESULTS

3.1 | Patients

A total of 14 213 CHC patients were registered in TACR platform 
during the study period. Of which, 13 951 (98.2%) patients with 
treatment outcome available were enrolled in the current study. The 
mean age was 63.0 years, and females accounted for 55.9% of the 
population. The dominant viral genotype was HCV genotype 1 (GT1, 
57.9%), followed by GT2 (36.1%). A total of 5370 (38.4%) patients 
had liver cirrhosis. Among them, 242 (1.7%) patients had liver decom-
pensation; 1473 (10.6%) patients had preexisting HCC (active, 2.4%; 
inactive, 8.2%) before DAA treatment; 1068 (7.7%) and 154 (1.1%) 
patients were dually infected with HBV and human immunodefi-
ciency virus (HIV), respectively; 243 (1.7%) patients had a history of 
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intravenous drug abuse, and 41 (0.3%) patients had a history of liver 
transplantation; and 10 978 (78.7%) patients were treatment naïve 
(Table 1). Regarding the DAA regimen prescribed, the most com-
monly used was sofosbuvir (SOF)/ledipasvir (LDV) + ribavirin (RBV) 
(29.4%), followed by paritaprevir/ritonavir/ombitasvir/dasabuvir 
(PrOD) + RBV (18.1%), elbasvir (EBR)/grazoprevir (GZR) (15.1%), gle-
caprevir (GLE)/pibrentasvir (PIB) (14.3%) and SOF/RBV (12.0%). The 
majority (99.7%) of the patients had DAA adherence > 80% (Table 2).

Among the 262 patients who did not have SVR12 data, 39 pa-
tients died, and 223 patients lost follow- up during the study pe-
riod. Compared with the 13 951 patients, those without treatment 
outcome available were older; had lower platelet counts and al-
bumin levels, higher bilirubin, creatinine levels and FIB- 4; and had 
higher proportions of comorbidities (including diabetes, dyslipid-
emia and cardiovascular disease), liver cirrhosis and HCC history 
(Table S1).

3.2 | Treatment responses

The overall SVR was 98.3% (13 715/13 951). The proportion 
of SVR12 was 98.7% (7128/7223), 98.0% (3678/3755), 98.4% 
(1336/1358) and 97.4% (1573/1615) in treatment- naïve noncir-
rhotic, treatment- naïve cirrhotic, treatment- experienced noncir-
rhotic and treatment- experienced cirrhotic patients, respectively 
(Figure 1A). While patients were stratified according to HCV gen-
otype, the proportion of SVR12 was 98.6% (7972/8084) in GT1, 
97.9% (4924/5031) in GT2, 98.2% (106/108) in mixed GT1/GT2, 
95.1% (96/101) in GT3, 76.9% (10/13) in GT4, 100% (3/3) in GT5, 
98.7% (537/544) in GT6 and 100% (67/67) in the unclassified geno-
type (Figure 1B). The treatment responses in patients with com-
monly infected HCV genotypes stratified by treatment experience 
and cirrhotic status are shown in Figure S1. A substantially lower 
proportion of SVR12 was noted in GT2 treatment- experienced 
cirrhotic patients (93.2%, 219/235) and GT3 treatment- naïve cir-
rhotic patients (86.7%, 13/15). By treatment settings, the propor-
tions of SVR were similar among the 21 medical centres (98.4%, 
9036/9185), 22 regional hospitals (98.2%, 4637/4723) and the five 
primary clinics (97.7%, 42/43).

TA B L E  1   Baseline characteristics and clinical features of the 
13 951 HCV patients

Variables Mean ± SD or N (%)

Age, y 63.0 ± 11.8

>65 y, n (%) 6113 (43.8)

>80 y, n (%) 813 (5.8)

Female gender 7802 (55.9)

BMI, kg/m2 24.8 ± 4.0

AST, IU/L 65.5 ± 53.6

ALT, IU/L 78.2 ± 75.6

Platelet count, ×103 U/L 168.8 ± 69.0

Albumin, g/dL 4.2 ± 0.4

Total bilirubin, mg/dL 0.85 ± 0.50

Creatinine, mg/dL 1.13 ± 1.53

FIB- 4 3.77 ± 3.76

eGFR, mL/min/1.73 m2 88.6 ± 32.8

Comorbidity

Diabetes 3052 (21.9)

Hypertension 4713 (33.8)

Dyslipidemia 1597 (11.5)

Cardiovascular disease 1433 (10.3)

Persons who inject drugs 243 (1.7)

Major thalassemia 34 (0.2)

Hemophilia 8 (0.1)

Human immunodeficiency virus 
co- infection

154 (1.1)

Virology

HCV genotype, 1a /2b /1 + 2/3/4/5/6/
unclassified

8084 (57.9)/5031 
(36.1)/108 (0.8)/101 
(0.7)/13 (0.1)/3 
(0.02)/544 (3.9)/67 (0.5)

HCV RNA, log10 IU/mL 5.92 ± 0.97

>800,000 IU/mL 8,527 (61.1)

Liver- related disease

Hepatitis B virus dual infection 1,068 (7.7)

Liver cirrhosis 5,370 (38.4)

Compensated cirrhosis 4,421 (31.7)

Decompensated cirrhosis 242 (1.7)

Child- Pugh B 234 (1.68)

Child- Pugh C 8 (0.06)

Unknown 707 (5.1)

Hepatocellular carcinoma 1473 (10.6)

Inactive 1145 (8.2)

Active 328 (2.4)

Liver transplantation 41 (0.3)

Anti- HCV treatment history

Naive 10 978 (78.7)

Experiencedc  2973 (21.3)

(Continues)

Variables Mean ± SD or N (%)

Interferon 2877 (98.6)

DAA 42 (1.4)

Note: Values expressed as mean ± standard deviation or sample size and 
proportion (%).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index; DAA, directly- acting 
antivirals; eGFR, estimated glomerular filtration rate (mL/min/1.73 m2); 
FIB- 4; fibrosis- 4 index; HCV, hepatitis C virus.
a1a (n = 706), 1b (n = 7036), unsubtyped (n = 342). 
b2a (n = 504), 2b (n = 118), unsubtyped (n = 4409). 
cRegimens not available in 54 (0.4%) patients. 

TA B L E  1   (Continued)
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3.3 | The proportion of SVR12 in patients with 
commonly infected genotypes stratified by treatment 
regimens, treatment experience and cirrhotic status

Among patients with GT1 infection, the proportion of SVR12 was 
95.7% (531/555) with daclatasvir (DCV)/asunaprevir (ASV), 98.8% 
(2493/2524) with PrOD, 98.8% (2064/2090) with EBR/GZR, 100% 
(22/22) with SOF/DCV, 98.6% (2075/2104) with SOF/LDV, 98.8% 
(169/171) with SOF/velpatasvir (VEL) and 100% (567/567) with 
GLE/PIB. Among patients with GT2 infection, SVR12 was 96.3% 
(1596/1657) with SOF/RBV, 99.2% (481/485) with SOF/DCV, 98.3% 
(1472/1497) with SOF/LDV, 99.0% (204/206) with SOF/VEL and 
98.7% (1143/1158) with GLE/PIB. Among patients with GT3 infec-
tion, SVR12 was 90% (9/10) with SOF/VEL and 95.4% (82/86) with 
GLE/PIB. Among patients with GT6 infection, SVR12 was 98.8% 
(412/417) with SOF/LDV, 100% (14/14) with SOF/VEL and 99.1% 
(107/108) with GLE/PIB (Figure 2).

When the patients were further divided according to commonly 
used regimens and stratified by treatment experience and cirrhotic 
status, the proportion of SVR12 was > 95% among all subgroups 
with a respectable sample size except treatment- experienced cir-
rhotic GT2 patients who received SOF/RBV (88.7%, 110/124), 
treatment- naïve noncirrhotic patients (94.8%, 110/116) and 
treatment- experienced cirrhotic (94.8%, 164/173) GT1 patients who 
received DCV/ASV (Table 3).

3.4 | Factors associated with DAA treatment failure

As displayed in Table 4 and per univariate analysis, patients with 
higher baseline HCV RNA levels, HCV GT 2/3, prior treatment 
failure, DAA adherence < 60% and liver cirrhosis and preexist-
ing HCC and patients who received DCV/ASV or SOF/RBV were 
more likely to experience DAA failure. While other DAA regimens 
were taken together except DCV/ASV and SOF/RBV (Model 1), 
the most important factor independently associated with treat-
ment failure was DAA adherence < 60% (adjusted odds ratio 
[aOR]/95% confidence interval [CI]: 117.1/52.4- 261.3, P < .001), 
followed by GT 3 and GT2 (aOR/CI: 5.78/2.25- 14.9, P = .0003 and 

TA B L E  2   Allocation of current DAA regimens and DAA 
adherence of the 13 951 HCV patients

DAA regimen N (%)

DCV/ASV 556 (4.0)

<24 wks 40 (0.3)

24 wks 516 (3.7)

PrOD ± RBV 2524 (18.1)

<12 wks 7 (0.05)

12 wks 2382 (17.1)

24 wks 135 (1.0)

EBR/GZR 2099 (15.0)

<12 wks 16 (0.1)

12 wks 2080 (14.9)

16 wks 3 (0.02)

SOF/LDV ± RBV 4101 (29.4)

<12 wks 15 (0.1)

12 wks 4071 (29.2)

12- 24 wks 3 (0.02)

24 wks 12 (0.09)

SOF/RBV 1670 (12.0)

<12 wks 5 (0.04)

12 wks 1652 (11.8)

16 wks 13 (0.09)

SOF/DCV ± RBV 523 (3.7)

<12 wks 2 (0.01)

12 wks 509 (3.6)

12- 24 wks 7 (0.05)

24 wks 5 (0.04)

GLE/PIB 1989 (14.3)

<8 wks 1 (0.007)

8 wks 1618 (11.6)

12 wks 352 (2.5)

16 wks 18 (0.1)

SOF/VEL 390 (2.8)

<12 wks 1 (0.007)

12 wks 383 (2.7)

12- 24 wks 1 (0.007)

24 wks 5 (0.04)

SOF/VEL/VOX 20 (0.1)

<12 wks 2 (0.01)

12 wks 18 (0.1)

Others 79 (0.6)

DAA adherence

>80% 13 903 (99.7)

60%- 80% 14 (0.1)

40%- 60% 8 (0.1)

(Continues)

DAA regimen N (%)

20%- 40% 14 (0.1)

<20% 12 (0.1)

Note: Values expressed as mean ± standard deviation or sample size and 
proportion (%).
Abbreviations: ASV, asunaprevir; DAA, directly- acting antivirals; DCV, 
daclatasvir; EBR, elbasvir; eGFR, estimated glomerular filtration rate 
(mL/min/1.73 m2); GLE, glecaprevir; GZR, grazoprevir; LDV, ledipasvir; 
PIB, pibrentasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; 
RBV, ribavirin; SOF, sofosbuvir; VEL, velpatasvir; VOX, voxilaprevir.

TA B L E  2   (Continued)
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aOR/CI: 1.55/1.05- 2.29, P = .03, compared with GT1), active HCC 
(aOR/CI: 4.29/2.57- 7.16, P < .001), the use of SOF/RBV (aOR/
CI: 2.51/1.67- 3.77, P < .001) and DCV/ASV (aOR/CI: 3.29/1.94- 
5.58, P < .001) compared with other regimens, decompensated 
liver cirrhosis (aOR/CI: 2.50/1.20- 5.22, P = .02) and high HCV 
viral loads (HCV RNA > 6 000 000 IU/mL, aOR/CI: 2.16/1.57- 
2.97, P < .001). The results remained consistent while the effect 
of DAA regimen on treatment outcome was judged separately 
(Model 2). There was no collinearity among the independent fac-
tors (Table S2).

3.5 | Subgroup analysis

The proportion of SVR12 did not differ between patients with or with-
out HIV coinfection (97.4% [n = 154] vs. 98.3 [n = 12,397], P = .34). 
The proportion of SVR12 was 98.5% in the 1068 HBV- coinfected pa-
tients, which was similar to that of patients with HCV monoinfection 
(98.3%, P = .61). The treatment efficacy also did not differ between 
the two groups, while patients were stratified by prior treatment ex-
perience, liver disease severity and DAA regimens (Table S3).

F I G U R E  1   A, Sustained virological response (SVR) rate stratified by cirrhotic status and prior treatment experience. B, SVR rate stratified 
by hepatitis C virus (HCV) genotype

F I G U R E  2   Sustained virological response (SVR) rate stratified by hepatitis C virus (HCV) genotype and treatment regimen
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The proportion of SVR12 was significantly lower in the 1473 
HCC patients than in the 12 478 non- HCC patients (96.5% vs. 98.5%, 
P < .001). When HCC patients were divided into those with inactive 

or active HCC, a significantly lower proportion of SVR12 was noted 
both in patients with inactive HCC (97.6%, P = .01) and those with 
active HCC (93.0%, P < .001). The significantly lower SVR rate in 

TA B L E  3   SVR12 rate of the major HCV genotypes stratified by DAA regimens, treatment experience and cirrhotic status

n/N (%) All G1 G2 G3 G6 Unclassified

SOF + RBV 1609/1670 (96.4) 5/5 (100.0) 1596/1657 (96.3) 2/2 (100.0) – 6/6 (100.0)

Naïve non- LC 689/706 (97.6) 1/1 (100.0) 686/703 (97.6) – – 2/2 (100.0)

Naïve LC 724/752 (96.3) 3/3 (100.0) 718/746 (99.2) – 3/3 (100.0)

Exp. non- LC 83/85 (97.7) - 82/84 (97.6) 1/1 (100.0) – 

Exp. LC 113/127 (89.0) 1/1 (100.0) 110/124 (88.7) 1/1 (100.0) – 1/1 (100.0)

DCV/ASV 532/556 (95.7) 531/555 (95.7) – – – 1/1 (100.0)

Naïve non- LC 110/116(94.8) 110/116 (94.8) – – – – 

Naïve LC 139/142(97.9) 139/142 (97.9) – – – – 

Exp. non- LC 119/125 (95.2) 118/124 (95.2) – – – 1/1 (100.0)

Exp. LC 164/173(94.8) 164/173 (94.8) – – – – 

PrOD + RBV 2493/2524 (98.8) 2493/2524 (98.8) – – – – 

Naïve non- LC 520/525 (99.1) 520/525 (99.1) – – – – 

Naïve LC 613/621 (98.7) 613/621 (98.7) – – – – 

Exp. non- LC 513/521 (98.5) 513/521 (98.5) – – – – 

Exp. LC 847/857 (98.8) 847/857 (98.8) – – – – 

EBR/GZR 2070/2099 (98.6) 2064/2090 (98.8) 1/1 (100.0) – 2/2 (100.0)

Naïve non- LC 1256/1268 (99.1) 1253/1264 (99.1) 1/1 (100.0) – 1/1 (100.0)

Naïve LC 562/574 (97.9) 561/572 (98.1) – – – – 

Exp. non- LC 132/135 (97.8) 131/134 (97.8) – – – 1/1 (100.0)

Exp. LC 120/122 (98.4) 119/120 (99.2) – – – – 

SOF + DCV ± RBV 518/523 (99.0) 22/22 (100.0) 481/485 (99.2) 2/2 (100.0) 1/2 (50.0) 5/5 (100.0)

Naïve non- LC 196/198 (99.0) 7/7 (100.0) 183/184 (99.5) 2/2 (100.0) 1/2 (50.0)

Naïve LC 229/231 (99.1) 8/8 (100.0) 213/215 (99.1) – – 5/5 (100.0)

Exp. non- LC 42/42 (100.0) 6/6 (100.0) 35/35 (100.0) – – 

Exp. LC 51/52(98.1) 1/1 (100.0) 50/51 (98.0) – – 

SOF/LDV ± RBV 4040/4101 (98.5) 2075/2104 (98.6) 1472/1497 (98.3) – 412/417 (98.8) 28/28 (100.0)

Naïve non- LC 2569/2606 (98.6) 1037/1049 (98.9) 1225/1245 (98.4) – 259/262 (98.9) 17/17 (100.0)

Naïve LC 1023/1043 (98.1) 713/727 (98.1) 174/178 (97.8) – 114/116 (98.3) 2/2 (100.0)

Exp. non- LC 257/258 (99.6) 174/174 (100.0) 55/56 (98.2) – 21/21 (100.0) 5/5 (100.0)

Exp. LC 191/194 (98.5) 151/154 (98.1) 18/18 (100.0) – 18/18 (100.0) 4/4 (100.0)

SOF/VEL 405/410 (98.8) 169/171 (98.8) 204/206 (99.0) 9/10 (90.0) 14/14 (100.0) 1/1 (100.0)

Naïve non- LC 241/241 (100.0) 103/103 (100.0) 119/119 (100.0) 5/5 (100.0) 10/10 (100.0) 1/1 (100.0)

Naïve LC 96/97 (99.0) 33/33 (100.0) 51/51 (100.0) 3/4 (75.0) 4/4(100.0) – 

Exp. non- LC 40/42 (95.2) 21/21 (100.0) 19/21 (90.5) – 0/0 (0.0) – 

Exp. LC 28/30 (93.3) 12/14 (85.7) 15/15(100.0) 1/1 (100.0) 0/0 (0.0) – 

GLE/PIB 1969/1989 (99.0) 567/567 (100.0) 1143/1158 (98.7) 82/86 (95.4) 107/108 (99.1) 23/23 (100.0)

Naïve non- LC 1491/1507 (98.9) 421/421 (100.0) 882/895 (98.6) 61/64 (95.3) 77/77 (100.0) 19/19 (100.0)

Naïve LC 276/279 (98.9) 55/55 (100.0) 183/184 (99.5) 10/11 (90.9) 15/16 (93.8) 3/3 (100.0)

Exp. non- LC 144/144 (100.0) 73/73 (100.0) 52/52 (100.0) 4/4 (100.0) 12/12 (100.0) 1/1 (100.0)

Exp. LC 58/59 (98.3) 18/18 (100.0) 26/27 (96.3) 7/7 (100.0) 3/3 (100.0) – 

Note: Abbreviations: ASV, asunaprevir; DCV, daclatasvir; EBR, elbasvir; Exp, experienced; G1, genotype 1; GLE, glecaprevir; GZR, grazoprevir; LC, 
liver cirrhosis; LDV, ledipasvir; PIB, pibrentasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; RBV, ribavirin; SOF, sofosbuvir; SVR, sustained 
virological response; VEL, velpatasvir; VOX, voxilaprevir.
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TA B L E  4   Factors associated with DAA failure

DAA failure Crude OR Adjusted Model 1 Adjusted Model 2

n/N (%) OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age, y

20- 39 9/596 (1.5) 1

40- 59 76/4442 (1.7) 1.14 (0.57- 2.28) .72

60- 79 131/7883 (1.7) 1.10 (0.56- 2.18) .78

≥80 20/1027 (2.0) 1.30 (0.59- 2.86) .52

Gender

Male 115/6149 (1.9) 1.21 (0.94- 1.57) .15

Female 121/7802 (1.5) 1

Prior treatment 1 1

No 172/10 978 (1.6) 1

Yes 64/2973 (2.2) 1.38 (1.03- 1.85) .03 1.25 (0.89- 1.72) .21 1.42 (1.00- 2.03) .052

DAA regiments

DCV/ASV 24/556 (4.2) 4.67 (1.77- 12.3) .002 3.29 (1.94- 5.58) <.001 5.99 (1.96- 18.38) .002

SOF + RBV 61/1670 (3.7) 3.93 (1.57- 9.83) .004 2.51 (1.67- 3.77) <.001 3.78 (1.50- 9.56) .005

Others 151/11 646 (1.3) 1 – – 

SOF + LDV 61/4101 (1.5) 1.56 (0.63- 3.91) .34 – 2.05 (0.78- 5.36) .15

EBR/GZR 29/2099 (1.4) 1.45 (0.56- 3.77) .44 – 2.96 (0.99- 8.80) .052

PrOD 31/2524 (1.2) 1.29 (0.50- 3.33) .60 – 1.33 (0.44- 4.02) .62

SOF/VEL 5/410 (1.2) 1.28 (0.37- 4.45) .70 – 1.40 (0.39- 5.00) .61

GLE/PIB 20/1989 (1.1) 1.05 (0.39- 2.82) .92 – 1.18 (0.42- 3.29) .75

SOF/DCV 5/523 (1.0) 1 – 1

HCV RNA, IU/mL

<6,000,000 176/11 731(1.5) 1 1 1

> 6,000,000 60/2179 (2.8) 1.87 (1.39- 2.51) <.0001 2.16 (1.57- 2.97) <.001 2.14 (1.55- 2.95) <.001

HCV genotype

1 114/8192 (1.4) 1 1 1

2 107/5031 (2.1) 1.54 (1.18- 2.01) .002 1.55 (1.05- 2.29) .03 2.01 (1.21- 3.35) .007

3 5/101 (5.0) 3.69 (1.47- 9.24) .005 5.78 (2.25- 14.9) .0003 9.50 (3.22- 27.99) <.001

others 10/627 (1.6) 1.15 (0.60- 2.20) .68 1.66 (0.84- 3.27) .14 1.79 (0.86- 3.72) .12

DAA adherence

>80% 215/13 903 (1.5) 1 1 1

60%- 80% 1/14 (7.1) 4.90 (0.64- 37.06) .12 6.03 (0.74- 49.1) .09 6.49 (0.79- 53.62) .08

<60% 20/34 (58.8) 90.95 
(45.34- 182.45)

<.0001 117.1 (52.4- 261.3) <.001 135.74 
(59.16- 311.44)

.0009

HBV dual infection

No 220/12 883 (1.7) 1.14 (0.69- 1.91) .61

Yes 16/1068 (1.5) 1

HIV coinfection

No 209/12 397 (1.7) 1

Yes 4/154 (2.6) 1.56 (0.57- 4.24) .39

CKD

No 196/11 653 (1.7) 1

Yes 40/2292 (1.7) 1.04 (0.74- 1.46) .83

(Continues)
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patients with active HCC was particularly noted in cirrhotic patients 
who were either treatment- naïve (91.6%) or treatment- experienced 
(92.2%) (Figure 3).

Of the 137 HBV dual- infected patients with available HBV 
data and NA information, 36 patients (26.3%) received pro-
phylactic NAs. Among the 101 patients who did not received 
prophylactic NAs, the rate of HBV virological activation 
and clinical activation was 20.8% (n = 21) and 3.0% (n = 3), 

respectively. All the three patients with clinical HBV activa-
tion received rescued NAs.

3.6 | Serious adverse events

Two hundred forty- eight (1.8%) patients had serious adverse 
events (SAEs) during DAA treatment. The most common SAE was 

DAA failure Crude OR Adjusted Model 1 Adjusted Model 2

n/N (%) OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

PWID

Yes 3/243 (1.2) 1

No 233/13 708 (1.7) 1.38 (0.44- 4.35) .58

LC

No LC 117/8581 (1.4) 1 1 1

CLC 94/4421 (2.1) 1.57 (1.20- 2.07) .0012 1.20 (0.89- 1.61) .24 1.26 (0.93- 1.70) .14

DLC 10/242 (4.1) 3.12 (1.61- 6.03) .0007 2.50 (1.20- 5.22) .02 2.53 (1.19- 5.39) .02

HCC

No 185/12 478 (1.5) 1 1 1

Yes, inactive 28/1145 (2.4) 1.67 (1.11- 2.49) .01 1.44 (0.90- 2.30) .13 1.47 (0.92- 2.34) .11

Yes, active 23/328 (7.0) 5.01 (3.20- 7.84) <.0001 4.29 (2.57- 7.16) <.001 4.37 (2.62- 7.31) <.001

Note: Abbreviations: ASV, asunaprevir; CKD, chronic kidney disease; CLC, compensated liver cirrhosis; DAA, direct- acting antiviral; DCV, daclatasvir; 
DLC, decompensated liver cirrhosis; EBR, elbasvir; GLE, glecaprevir; GZR, grazoprevir; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; 
HIV, human immunodeficiency virus; LC, liver cirrhosis; LDV, ledipasvir; OR, odds ratio; PIB, pibrentasvir; PrOD, paritaprevir/ritonavir/ombitasvir/
dasabuvir; PWID, persons who inject drugs; SOF, sofosbuvir; VEL, velpatasvir.

TA B L E  4   (Continued)

F I G U R E  3   Sustained virological response (SVR) rate in patients with and without hepatocellular carcinoma (HCC) stratified by cirrhotic 
status and prior treatment experience. *P = .003, †§P < .001, **P = .01
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liver- related disease (0.5%, n = 65), followed by gastrointestinal dis-
order (0.1%, n = 19) and infection (0.1%, n = 12) (Table S4).

4  | DISCUSSION

The current study confirmed that DAAs were effective in treating 
Taiwanese CHC patients in a real- world setting at the national level. 
The satisfactory treatment outcome could be thoroughly general-
ized to patients with different viral genotypes and liver disease se-
verity except for certain subpopulations and less potent regimens. 
Apart from other study cohorts, the current study population pos-
sessed several unique characteristics; more than one- third of the 
patients had liver cirrhosis, and the cohort represented the largest 
sample size with HBV dual infection. Until now, reports regarding 
DAA treatment in CHC patients were performed only in single cen-
tres or with limited patient numbers in Taiwan,8- 16 which precluded 
the identification of reasons for failing to achieve SVR. By adopting 
the nationwide, multicentre database, we identified certain factors 
associated with virological failure in Taiwanese patients, including 
poor DAA adherence; possessing high baseline viral loads, active 
HCC and hepatic decompensation; and the use of DCV/ASV and 
SOF/RBV.

The current study consisted of a high proportion of patients 
with advanced liver fibrosis because the Taiwan Health Insurance 
Administration started DAA reimbursement based on prioritization 
by patients’ disease severity].27 Only patients with advanced fibro-
sis were reimbursed in 2017 and 2018 and not until 2019 did the 
government start to reimburse DAAs without any restriction.28 As 
noted, this study reinforced the effectiveness of DAAs in several 
subpopulations, including patients with HBV or HIV infection. The 
favourable treatment outcome in CHC patients dually infected with 
HBV or HIV has been proven in previous clinical trials or case co-
horts.29- 31 Unlike studies from the West where the majority patients 
are with HCV monoinfection, the treatment efficacy in patients with 
HBV dual infection has never been validated on a large population 
basis. Both HBV and HCV are rampant in Taiwan. We found that 
the SVR rate was similarly high in HBV dual- infected patients com-
pared with HCV- monoinfected patients. Equal treatment response 
was observed when patients were stratified by treatment experi-
ence and cirrhotic status of which the SVR rate ranged from 97.2% 
to 98.9%. Compared with previous reports, a lower rate of HBV acti-
vation in the cohort may attribute to a higher proportion of patients 
who received prophylactic NAs.31,32 The issue of HBV reactivation 
with longer follow- up period and long- term outcome in the subpop-
ulation opens a window for future exploration.

SOF/LDV was designated and allocated to patients with HCV gen-
otypes 1, 4, 5 and 6. Based on one Phase 2 and two Phase 3 studies 
with a proportion of SVR12 of 96%- 100% in Asia,29,33- 35 SOF/LDV 
was approved for HCV genotype 2 infection in certain regions, in-
cluding Taiwan. Large real- world data regarding the use of SOF/LDV 
in patients with HCV- 2 infection have seldom been reported. In the 
current study, we demonstrated that a proportion of SVR12 of 98.3% 

could be achieved in Taiwanese patients, indicating the clinical feasi-
bility of the regimen in the real- world setting. SOF/LDV remains one 
of the treatment choices in some Asian countries such as Japan, Korea 
and China. The favourable treatment outcome in Taiwanese patients 
would share the real- world evidence in terms of the clinical utility in 
this regard. SOF/RBV for HCV- 2 has been recommended as the treat-
ment choice by prior regional guidelines.36 However, the treatment re-
sponse was proven to be suboptimal in Asian treatment- experienced 
cirrhotic patients,37 as in the current study. Twenty- four- week DCV/
ASV has been reimbursed for GT1b patients without nonstructure 
5A resistance- associated substitutions in Taiwan since 2017.28 A rela-
tively low SVR rate of 94.8% was noted in the TACR cohort. It has been 
proven that adding ribavirin to DCV/ASV could shorten the treatment 
duration to 12 weeks without compromising the efficacy for GT1b 
patients without nonstructure 5A resistance- associated substitutions 
(SVR rate 97.1%).38 Nevertheless, both regimens are currently waived 
due to the availability of other more potent interferon- free, ribavirin- 
free DAAs with shorter treatment durations. In general, the treatment 
efficacy in the Asian study was similar to those being reported in the 
West with the use of more potent DAAs.39,40

The issue regarding the treatment efficacy of DAAs in HCC pa-
tients has been extensively explored. It is believed that patients with 
active HCC are prone to encounter treatment failure.41,42 The current 
study was in line with previous observations that indicated a lower 
SVR rate in patients with active HCC. Notably, we identified that 
inferior efficacy in patients was noted in cirrhotic patients but not in 
noncirrhotic HCC patients. The clinical dilemma would be whether 
HCV eradication provides survival benefits for patients with active 
HCC, in particular for those who were already decompensated.41,43

Apart from the clinical trial data, lack of compliance with treat-
ment or follow- up programmes has been an unfavourable factor for 
treatment failure in the real- world setting.44 Although the patient 
number was small, we identified that DAA compliance < 60% was 
the most important factor associated with virological failure. Like 
the majority of other registry systems, the current study included 
patients with available SVR12 data. Patients who discontinued 
treatment without known treatment outcomes were not included. 
The impact of poor drug compliance on virological failure might be 
underestimated and should not be overlooked. Pretreatment com-
munication of understanding treatment goals as well as the provision 
of patient education regarding drug adherence and post- treatment 
follow- up3 is the key to treatment success in daily practice.

There were some limitations in the current study. This is a 
retrospective– prospective study. The registration is performed 
retrospectively for patients who started DAA treatment be-
fore 1 September 2018. However, the data analysed were ob-
tained prospectively by the regulation of Taiwan Health Insurance 
Administration for DAA therapy. Secondly, 1.8% registered patients 
did not have SVR12 data available and were excluded from analy-
sis. The subpopulation may include patients with relatively poor 
prognostic characters, indicating a potentially suboptimal treatment 
outcome among these patients. Finally, the treatment outcomes 
for certain populations may be inconclusive due to limited patient 
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numbers, such as those with HCV- 3 or hepatic decompensation. 
However, this is the first and largest real- world- based registry in-
cluding patients from medical centres, regional hospitals and local 
clinics in Taiwan. The patient characteristics and treatment outcome 
explicitly reflect the real- world situation of Taiwanese patients.

In conclusion, DAAs were highly effective and safe in treating 
CHC patients across viral genotypes, fibrosis status and special 
subgroups in Taiwan. Using highly potent DAA regimens and main-
taining DAA adherence are mandatory to ensure treatment efficacy. 
Further research should be extended to address the long- term he-
patic and extrahepatic outcomes of the cohort.
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