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AbstrACt
Objective The treatment outcome of direct-acting 
antivirals (DAAs) in chronic hepatitis C patients with 
hepatocellular carcinoma (HCC) is controversial. The 
current study aimed to address the treatment efficacy and 
safety of DAAs in patients with curative or active HCC, 
compared with those of patients without HCC.
Design A prospective cohort study
setting A medical centre and two regional hospitals in 
Taiwan
Participants A total of 713 Taiwanese patients (601 
non-HCC, 74 curative HCC and 38 active HCC patients) 
who received standard-of-care DAAs were consecutively 
enrolled in the study.
Main outcome measurement The primary objective was 
to determine treatment efficacy, defined as undetectable 
hepatitis C virus RNA throughout 12 weeks of the post-
treatment follow-up period (sustained virological response 
12 [SVR12]).
results The overall SVR12 rate was 96.9%. The SVR12 
rate was similar between the patients with HCC and 
those without HCC (95.5% vs 97.2%, p=0.37). The HCC 
patients were divided into two groups, those with curative 
HCC and those with viable HCC; a substantially but not 
significantly lower SVR rate, 92.1% (35/38), was observed 
in the patients with viable HCC compared with the SVR 
rate, 97.3% (72/74), in those with curative HCC (p=0.33). 
Compared with the patients with curative HCC, the patients 
with viable HCC had a significantly higher proportion of 
serious adverse events (10.5% vs 1.0%, p=0.002), early 
treatment discontinuation (10.5% vs 2.8%, p=0.03) and 
mortality (5.3% vs 0.1%, p=0.008).
Conclusions An equivalently high SVR rate was observed 
in patients with either past or active HCC compared 
with those without HCC. The safety concerns in the HCC 
patients did not compromise treatment efficacy.

IntrODuCtIOn
Hepatocellular carcinoma (HCC) is 
the leading cause of cancer-related 
mortality.1 2 Approximately, 71 million indi-
viduals are chronically infected with hepa-
titis C virus (HCV) worldwide,3 accounting 

for one-third of the HCC patient population 
worldwide.1 HCV eradication by antiviral 
therapy greatly reduces the risk for HCC.4–6 

From another perspective, it is unknown 
if the presence of HCC affects antiviral treat-
ment efficacy in chronic hepatitis C (CHC). 
Given the only modest treatment efficacy and 
the unfavourable safety profiles for cancer 
patients, the issue of the possible effect of 
HCC on antiviral treatment efficacy has rarely 
been touched on in the interferon era.7 All 
oral direct-acting antivirals (DAAs) have 
replaced interferon-based therapy as the stan-
dard treatment of CHC. The novel therapy 
gives hopes to CHC patients who possess 
more progressive liver diseases including 
HCC. Some studies have disclosed potentially 
suboptimal antiviral treatment efficacy in 
HCC patients receiving DAA.8–11 It is postu-
lated that impairment of the bioavailability of 
DAAs may account for the inferior treatment 
response.12 However, this has not always been 
the case across studies.13–15 The divergent 
results may be attributed to different patient 
profiles and regimens10 11 or unclear cancer 
status at the time of launching DAA treat-
ment.9 14 Furthermore, the topic has been less 
discussed in reference to Asian ethnicities. In 

strengths and limitations of this study

 ► Includes a representative chronic hepatitis C patient 
cohort in regard to hepatocellular carcinoma (HCC) 
status considered prior to allocating to direct-acting 
antiviral treatment group.

 ► Discusses the safety profile, which has rarely been 
explored by other studies beyond the issue of treat-
ment efficacy.

 ► Included relatively fewer patients with severe liver 
disease, for whom evidence of HCC with liver de-
compensation is limited.
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this study, we aimed to explore the issue by recruiting a 
well-characterised Taiwanese patient cohort. The HCC 
status of either curative or active was well-clarified before 
the administration of antivirals, and the treatment effi-
cacy and safety were judged among patient groups.

MethODs
CHC patients with prior history of HCC who received all 
oral DAAs were consecutively enrolled at a medical centre 
and two regional hospitals from January 2015 to December 
2017. Another set of CHC patients without HCC who 
underwent DAAs treatment during the same period were 
enrolled as controls. The National Health Insurance 
Administration (NHIA) of Taiwan began to reimburse 
certain DAAs in January 2017. The treatment regimens 
and strategies conformed to the regional guidelines16 and 

to the regulation of the Health and Welfare Department 
of Taiwan.17 HCC was confirmed by histological or clin-
ical diagnosis based on the guidelines of the American 
Association for the Study of Liver Diseases18 and the Asian 
Pacific Association for the Study of the Liver.19 Patients 
with curative HCC were defined as those with HCC who 
were subjected to surgical resection, local alcohol injec-
tion, radiofrequency ablation or liver transplantation and 
who were without imaging evidence of recurrence within 
6 months prior to initiating DAA treatment.

The primary objective of the study was to determine 
the treatment efficacy, which was defined as undetect-
able HCV RNA throughout 12 weeks of the post-treat-
ment follow-up period (sustained virological response 
12 [SVR12]). HCV RNA and genotypes were measured 
using real-time PCR assay (RealTime HCV; Abbott 

Table 1 Basic characteristics and treatment regimens of the patients with or without hepatocellular carcinoma (HCC)

All patients
(n=713)

Non-HCC
(n=601)

HCC
(n=112) P value

Male, n (%) 291 (40.8) 240 (39.9) 51 (45.5) 0.27

Age, years (mean±SD) 62.2±11.3 61.2±11.4 67.6±9.0 <0.001

Body weight, kg (mean±SD) 64.0±12.5 64.3±12.8 62.4±10.6 0.15

Diabetes, n (%) 163 (22.9) 137 (22.8) 26 (23.2) 0.92

Platelet count, ×1000/10/L 
(mean±SD)

161±70 166±70 133±73 <0.001

AST, IU/L (mean±SD) 73.9±48.7 71.6±46.3 86.7±58.5 0.003

ALT, IU/L (mean±SD) 83.2±60.2 83.5±61.0 81.9±56.2 0.79

Serum albumin, g/dL (mean±SD) 4.2±0.4 4.3±0.4 4.0±0.5 <0.001

Serum bilirubin, mg/dL (mean±SD) 0.97+0.51 0.94±0.50 1.14+0.56 <0.001

Creatinine, mg/dL (mean±SD) 1.00±1.14 0.97±1.11 1.12±1.31 0.27

HCV RNA, log IU/mL 5.78±0.92 5.81±0.92 5.62±0.92 0.05

HCV genotype, n (%)

  1 618 (86.7) 520 (86.5) 98 (87.5) 0.78

  2 95 (13.3) 81 (13.5) 14 (12.5)

Liver cirrhosis, n (%) 368 (51.6) 276 (45.9) 92 (82.1) <0.001

  Child-Pugh A/B, n (%) 339 (47.5)/29 (4.1) 256 (42.6)/20 (3.3) 83 (74.1)/9 (8.0) 0.43

Prior treatment experienced*, n (%) 284 (39.8) 227 (37.8) 57 (50.9) 0.009

Post liver transplantation, n (%) 13 (1.8) 7 (1.2) 6 (5.4) 0.009

Regimen, n (%) 0.74

  PrOD±RBV 463 (64.9) 393 (65.4) 70 (62.5)

  DCV/ASV 91 (12.8) 76 (12.6) 15 (13.4)

  SOF/RBV 41 (5.8) 37 (6.2) 4 (3.6)

  SOF/LDV±RBV 58 (8.1) 47 (7.8) 11 (9.8)

  SOF/DCV±RBV 47 (6.6) 37 (6.2) 10 (8.9)

  EBR/GZR 10 (1.4) 8 (1.3) 2 (1.8)

  SOF/VEL 3 (0.4) 3 (0.5) 0 (0)

*All interferon-based therapy.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ASV, asunaprevir; DCV, daclatasvir; EBR, elbasvir; GZR, grazoprevir; HCV, 
hepatitis C virus; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; RBV, ribavirin; SOF, sofosbuvir; VEL, velpatasvir. 
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Molecular, Des Plaines, IL, USA; detection limit: 12 IU/
mL).20 It is mandatory for all of the treating physicians to 
input SVR12 data into the national registry system, which 
is requested by the NHIA of Taiwan. Patients who termi-
nated therapy early and failed to provide complete SVR12 
data were regarded as being non-SVR. Liver cirrhosis was 
defined by histology,21 fibroscan (>12 kPa), acoustic radi-
ation force impulse (>1.8 m/s) or clinical judgement by 
the treating physicians.

Patient and public involvement
No patient or member of the public was involved in 
setting the research question and outcome measures or 
planning the design of the study.

statistical analyses
Frequency was compared between groups using the χ2 
test with the Yates correction or Fisher’s exact test. Group 
means (presented as the mean SD) were compared 
using analysis of variance and Student’s t-test or the 

non-parametric Mann-Whitney U test when appropriate. 
Stepwise logistic regression analysis was performed to 
determine factors associated with SVR12 by analysing the 
covariates with a p value <0.1 in the univariate analysis. 
The statistical analyses were performed using the SPSS 
V.12.0 statistical package. All statistical analyses were 
based on two-sided hypothesis tests with a significance 
level of p<0.05.

results
Patients
A total of 713 patients were enrolled in the current 
study. The basic demographical, virological and clinical 
features and treatment regimens of the patients were 
presented in table 1. The mean age of the patients was 
62.2 years. Males accounted for 40.8% of the popula-
tion. The mean HCV RNA level was 5.78 log IU/mL. 
HCV genotype-1 accounted for 86.7% of the population. 

Table 2 Characteristics of the HCC patients with or without residual tumour

Curative HCC
(n=74)

Active HCC
(n=38) P value

Male, n (%) 32 (43.2) 19 (50.0) 0.50

Age, years (mean±SD) 66.6±8.8 69.6±9.2 0.1

Body weight, kg (mean±SD) 63.1±9.7 61.1±12.1 0.39

Diabetes, n (%) 16 (21.6) 10 (26.3) 0.58

Platelet count, ×1000/mm3 (mean±SD) 140±65 117±57 0.06

AST, IU/L (mean±SD) 90.3±64.9 79.6±43.2 0.31

ALT, IU/L (mean±SD) 86.8±62.2 72.1±40.7 0.14

Serum albumin, g/dL (mean±SD) 4.1±0.4 3.8±0.5 0.002

Serum bilirubin, mg/dL (mean±SD) 1.13±0.57 1.16+0.55 0.78

Creatinine, mg/dL (mean±SD) 1.01±0.98 1.34±1.80 0.22

HCV RNA, log IU/mL 5.79±0.86 5.30±0.96 0.01

HCV genotype, n (%)

  1 66 (89.2) 32 (84.2) 0.55

  2 8 (10.8) 6 (15.8)

Liver cirrhosis, n (%) 60 (81.1) 32 (84.2) 0.68

  Child-Pugh A/B, n (%) 56 (93.3)/4 (6.7) 27 (84.4)/5 (15.6) 0.43

Prior treatment experienced, n (%) 42 (56.8) 15 (39.5) 0.08

Post liver transplantation, n (%) 6 (8.1) 0 (0) 0.09

Regimen, n (%) 0.78

  PrOD±RBV 48 (64.9) 22 (57.9)

  DCV/ASV 10 (13.5) 5 (13.2)

  SOF/RBV 2 (2.7) 2 (5.3)

  SOF/LDV±RBV 6 (8.1) 5 (13.2)

  SOF/DCV±RBV 6 (8.1) 4 (10.5)

  EBR/GZR 2 (2.7) 0 (0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ASV, asunaprevir; DCV, daclatasvir; EBR, elbasvir; GZR, grazoprevir; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; RBV, ribavirin; SOF, 
sofosbuvir.
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Three hundred and sixty-eight patients (51.6%) had liver 
cirrhosis, and 284 (39.8%) failed to respond to a previous 
interferon-based regimen. One hundred and twelve 
patients (15.7%) had a history of HCC before treatment. 
Compared with patients without HCC, those with HCC 
were older and had higher pretreatment aspartate amino-
transferase and bilirubin levels, a lower albumin level and 
platelet counts, a higher proportion of liver cirrhosis, 
prior liver transplantation and interferon-experienced 
history. Of the 112 patients with HCC, 74 had curative 
HCC, whereas the remaining 38 had viable HCC at the 
time of treatment. Compared with the patients with cura-
tive HCC, those with viable HCC had lower albumin levels 
and HCV RNA levels (table 2). Treatment regimens did 
not differ between patients with HCC and those without 
HCC.

treatment responses
The rates of undetectable HCV RNA at treatment week 
4, treatment week 8, end-of-treatment and 4 weeks after 
end-of-treatment (SVR4) were 89.1%, 96.0%, 97.7% and 

97.5%, respectively. The overall SVR12 rate was 96.9%, 
and the overall relapse rate was 1.3%. As shown in figure 1, 
the on-treatment responses did not differ between the 
patients with a history of HCC and those without a history 
of HCC. Additionally, the SVR12 rates in the two groups 
were similar (95.5% vs 97.2%, p=0.37). While the HCC 
patients were divided into two groups, those with cura-
tive HCC and those with viable HCC, a substantially lower 
SVR12 rate, 92.1% (35/38), was observed in the patients 
with viable HCC than in those with curative HCC, 97.3% 

Figure 1 On-treatment responses and final treatment 
outcome in patients with or without a history of HCC. The 
grey bar represents patients with HCC. The brown bar 
represents patients without HCC. HCC, hepatocellular 
carcinoma; HCV, hepatitis C virus; EOT, end-of-treatment; LC, 
liver cirrhosis; C-P A, Child-Pugh A; C-P B, Child-Pugh B.

Figure 2 On-treatment responses and final treatment 
outcome in patients with or without HCC. The dark brown bar 
represents patients with viable HCC. The grey bar represents 
patients with curative HCC. The brown bar represents 
patients without HCC. HCC, hepatocellular carcinoma; HCV, 
hepatitis C virus.

Table 3 Subgroup analysis of the SVR rate

Variable % (95% CI) P value

Age (years)

  <65 98.0 (96.6 to 99.4) 0.06

  >65 95.6 (93.3 to 97.9)

  Sex

  Male 97.6 (95.8 to 99.4) 0.38

  Female 96.4 (95.8 to 99.4)

HCV viral loads

  <800 000 IU/mL 97.8 (96.3 to 99.3) 0.18

  >800 000 IU/mL 96.0 (94.0 to 98.0)

HCV genotype

  HCV-1 97.6 (96.4 to 98.8) 0.02

  HCV-non-1 92.6 (87.3 to 97.9)

LC

  No 97.7 (96.1 to 99.3) 0.25

  Yes 96.2 (94.2 to 98.2)

Decompensation

  No 97.5 (96.3 to 98.7) 0.001

  Yes 82.8 (69.1 to 96.5)

Treatment history

  Naive 96.5 (94.8 to 98.2) 0.44

  Experienced 97.5 (95.7 to 99.3)

HCC

  No or cured 97.2 (96.0 to 98.4) 0.11

  Viable 92.1 (83.5 to 100)

Regimen

  PrOD+RBV 98.3 (97.1 to 99.5) 0.06

  DCV/ASV 95.6 (91.4 to 99.8)

  SOF+RBV 90.2 (81.1 to 99.3)

  SOF/LDV+RBV 94.8 (89.1 to 100)

  SOF+DCV 95.7 (89.9 to 100)

  EBR/GZR 90.0 (71.4 to 100)

  SOF/VEL 100 (100 to 100)

ASV, asunaprevir; DCV, daclatasvir; EBR, elbasvir; GZR, 
grazoprevir; HCC, hepatocellular carcinoma; HCV, hepatitis C 
virus; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/
dasabuvir; RBV, ribavirin; SOF, sofosbuvir; SVR, sustained 
virological response; VEL, velpatasvir.
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(72/74). However, this difference did not reach statis-
tical significance (p=0.33) (figure 2). Subgroup analysis 
revealed that patients with decompensated liver cirrhosis 
(82.8% vs 97.5%, p=0.001) and HCV genotype-2 infection 
(92.6% vs 97.6%, p=0.02) had a lower SVR12 rate (table 3). 
Logistic regression revealed that decompensated liver 
cirrhosis was the only factor independently associated 
with treatment failure (OR/95% CIs 8.67/2.93 to 25.63, 
p<0.001). The SVR rate did not differ between patients 
with viable HCC with those with curative HCC/without 
HCC (92.1% vs 97.2%, p=0.11). The characteristics of the 
patients with treatment failure were listed in table 4.

safety profile in patients with or without viable hCC
A total of 243 (34.1%) of the patients experienced at 
least one adverse event (AE), the incidence of which 
did not differ between the patients with viable HCC 
and those without viable HCC (p=0.99). Eleven (1.5%) 
patients experienced serious AEs (SAEs). Twenty-three 
(3.2%) patients discontinued treatment or follow-up, 
whereas three (0.4%) patients died (two HCC patients, 
one with septic shock and one with liver failure; one 
non-HCC patient with variceal bleeding) before the end 
of follow-up. None of the mortalities was treatment regi-
men-related. Patients with viable HCC had a significantly 
higher incidence of SAEs (10.5% vs 1.0%, p=0.002), early 
treatment discontinuation (10.5% vs 2.8%, p=0.03) and 
mortality (5.3% vs 0.1%, p=0.008) than those without 
viable HCC (table 5). Of the four patients with viable HCC 
who terminated therapy early, two terminated therapy 
due to mortality, one due to herpes zoster and weakness, 
and one due to severe vomiting and headache. The rate 
of SAEs did not differ between the patients with ribavirin 
(RBV) and those without RBV (2.4% vs 1.3%, p=0.29). In 
contrast, patients with RBV use had a higher rate of early 
discontinuation than those without its use (6.6% vs 2.2%, 
p=0.005). However, patients with viable HCC did not have 
a higher rate of RBV use than those without non-viable 
HCC (18.4% vs 23.6%, p=0.47), indicating that RBV may 
not be the main reason for the higher rate of early discon-
tinuation in the population. For the DAA regimens, the 
rate of SAEs (1.2% vs 2.7%, p=0.25) and the rate of early 
treatment termination (2.7% vs 5.4%, p=0.12) did not 
differ between the patients using protease inhibitors 
(asunaprevir, paritaprevir or grazoprevir) and those not. 
The SAEs are presented in online supplementary table 1.

DIsCussIOn
In the current study, we demonstrated that all oral DAAs 
were highly effective and safe in Taiwanese CHC patients. 
Compared with non-HCC patients, HCC patients were 
characterised by having more advanced liver disease and 
more safety concerns during antiviral treatment. However, 
these disadvantages did not compromise the treatment 
efficacy of the DAAs in these patients. An equivalently 
high SVR rate was observed in patients with either past or 
current HCC as that observed in the non-HCC patients.

Due to the difficult and prolonged treatment course 
and uncertain long-term benefit of interferon-based 
treatment, cancer patients enrolled in therapy during the 
interferon era exclusively represented the curative HCC 
status in early studies.7 Because HCC patients were always 
excluded in clinical trials, the limited data on the clinical 
development of DAA was produced from a phase 2 study 
that included 61 HCC patients on the waiting list for liver 
transplantation. It turned out that only half of the patients 
who received sofosbuvir/RBV achieved SVR12 after liver 
transplantation.22 Later, more data emerged with the wide 
application of DAAs in the real world. Some preliminary 
reports have suggested a suboptimal treatment efficacy 
among HCC patients.10 11 Recently, 421 cirrhotic patients 
including one-third active or curative HCC were analysed 
by Prenner et al. The treatment response in patients with 
curative HCC was similar to that of patients without HCC 
history. However, active HCC patients had an eight-fold 
increased risk of failing HCV therapy compared with 
those without HCC.8 A large real-world data from the 
Veterans Affairs healthcare system in the USA has also 
demonstrated a higher SVR12 rate in non-HCC patients 
than those with HCC.9

The potential mechanism for the suboptimal antiviral 
effect on HCC remains elusive. Ineffective blood delivery 
to the target site12 and incapability of drug binding has 
been postulated.23 24 Poor cancer immunity has also been 
linked to the impaired viral clearance during DAA treat-
ment.25 However, we did not observe an inferior treatment 
response in cancer patients in the current study, which 
aligns with the observations of some other studies.13 15 
The SVR rate of 97% was similar between patients without 
HCC and those with curative HCC, although the SVR rate 
was substantially lower in active HCC patients. The inter-
pretation of the discordant results should be reviewed in 
greater detail. The poor treatment response of the study 
population may be attributed to a variety of regimens, 
some of which were suboptimal.10 11 Imperatively, the 
disease severities, being the major determinant of SVR, of 
HCC patients were not equally distributed across studies. 
Half of the treated patients in the current cohort had liver 
cirrhosis. However, only a minority had a decompensated 
status, which may also account for the optimistic result of 
this study. Meanwhile, patients with HCC, either curative 
or active, at the time of DAA treatment were not clearly 
defined in some reports.9 14 Taken collectively, further 
studies using the most potent regimens26 to treat patients 
with comparable disease severities and well-defined HCC 
status may help to answer the question.

The safety issues in treating a catastrophic population 
have been rarely mentioned previously. In the current 
study, we demonstrated that patients with viable HCC 
seemed to have more safety concerns. However, thanks to 
the high efficacy and short treatment course of DAAs, the 
adverse impact did not compromise treatment efficacy.

Our findings should be interpreted with consideration 
of the caveat in which the number of viable HCC patients 
was not large enough for a definite conclusion to be 

https://dx.doi.org/10.1136/bmjopen-2018-026703
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drawn. In conclusion, DAAs are highly effective and safe 
in treating Taiwanese CHC patients, regardless of HCC 
status. Further studies enrolling larger sample size and 
more advanced liver disease are warranted to validate the 
finding.
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