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Abstract

Background and Aim: Hepatocellular carcinoma (HCC) has high recurrence rates. HCC sometimes
progresses from early-stage HCC (Barcelona Clinic Liver Cancer [BCLC] stage 0/A) to advanced-
stage HCC after repeated recurrences and treatments. HCC progression deteriorates the quality of life
and prognosis. However, the effect of direct-acting antiviral (DAA)-induced sustained virologic
response (SVR) on HCC progression remains uninvestigated.

Methods: We conducted a retrospective cohort study of patients with hepatitis C virus-related HCC
with BCLC stage 0/A diagnosed for the first time and treated by curative resection or ablation. Using
a time-varying method, we estimated the risk of tumor progression (defined as progression to BCLC
stage B-D) and liver-related death and the characteristics of repeated recurrence.

Results: Overall, 165 patients were enrolled. Following curative HCC treatment, 72 patients received
DAA therapy (DAA-treated group), whereas 93 did not (untreated group). Approximately 75% of the
recurrences were at an early stage and expected to be disease-free by retreatment. We recorded 56
tumor progressions, of which 60.7% were observed after second recurrence. Multivariate adjusted
time-varying Cox regression analysis showed that the DAA-induced SVR significantly reduced the
risk of tumor progression (hazard ratio [HR] 0.28; p=0.001) and liver-related death (HR 0.12; p<0.001).
The annual incidence of HCC treatment until tumor progression was 82.8% and 23.9% in the untreated
and DAA-treated groups, respectively (HR 0.30; p<0.001).

Conclusions: DAA-induced SVR significantly reduced the risk for tumor progression and liver-related

death and the frequency of HCC treatment following curative treatment for HCC at BCLC stage 0/A.
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Introduction

The hepatitis C virus (HCV) infection affects 71 million people worldwide,! and is a major risk factor
for hepatocellular carcinoma (HCC). HCC is the sixth most common tumor worldwide and the fourth
leading cause of cancer-related death.? Approximately 31% of the HCC cases can be attributed to HCV
infection, and this increases up to 64% in Japan.** HCC is well known for its high recurrence rate,
with nearly 70% of the patients developing recurrence within 5 years of curative HCC resection.’

Direct-acting antiviral (DAA) therapy regimens are effective at eradicating HCV infections.®
DAA-induced sustained virologic response (SVR) results in reduced HCC incidence, risk of liver-
related, and all-cause death.”® However, evidence for the benefit of DAA therapy for HCC recurrence
is deemed low or inconclusive.” Furthermore, recent multicenter prospective cohort studies reported
no significant difference in the HCC recurrence rates between DAA-treated and DAA-untreated
patients.!®!!

The Barcelona Clinic Liver Cancer (BCLC) staging system is recommended for prognostic
prediction and treatment allocation.’> In BCLC stage 0/A, curative treatment (resection, ablation, and
transplantation) is recommended, and median survival surpasses more than 5 years following curative
treatment. However, curative treatment is not recommended following progression to BCLC stage B;
when the median survival reduces to below 2 years. The progression of BCLC stage strongly affects
the patients’ quality of life and prognosis.

Although the risk of HCC recurrence following DAA therapy has been investigated in many
previous studies, the timing of progression remains uninvestigated. According to previous reports,
most HCC recurrences were BCLC stage 0/A, which were expected to be disease-free after retreatment
following HCC recurrence. Some HCC recurrences are treated several times without progression.
Therefore, assessment of the risk of tumor progression is important. Thus, this study aimed to assess
the impact of DAA-induced SVR on the HCC progression and the frequency of HCC treatment
following curative treatment for HCC at BCLC stage 0/A.



Materials and Methods

Study design and Patient population

We conducted a retrospective cohort study of patients with HCV-related HCC who were admitted to
the Department of Hepatology at Osaka City University Hospital from 2010 to 2019. HCC was
diagnosed based on the American Association for the Study of Liver Disease (AASLD) criteria.!>!?
HCV infection was diagnosed by positive HCV-RNA or positive HCV core antigen. Patients were
included if HCC was diagnosed for the first time, in BCLC stage 0/A, cured with resection or ablation
(curative treatment), with Child-Pugh class A, and if they were followed up for more than 90 days after
HCC treatment. Patients were excluded if they were positive for hepatitis B surface antigen, had
autoimmune hepatitis (AIH) or primary biliary cholangitis (PBC), achieved SVR with interferon
(IFN)-based therapy, failed HCV treatment with DAA therapy, or received DAA therapy before HCC
diagnosis (Figure 1). Cured HCC was defined as the presence of no residual tumor by computed
tomography (CT) or magnetic resonance imaging (MRI) after curative treatment.

We classified the patients into untreated and DA A-treated groups. The untreated group included
patients who did not receive DAA therapy after HCC treatment. The DAA-treated group included
patients who received DAA therapy and achieved SVR after HCC treatment.

This retrospective cohort study was conducted in accordance with the Declaration of Helsinki

and was approved by the Ethical Committee of Osaka City University Hospital.

Follow-up

Patients were followed up with three-monthly physical examinations and laboratory evaluations and
abdominal ultrasonography, dynamic computed tomography (CT), or magnetic resonance imaging
(MRI) every 3—6 months following HCC treatment. HCC recurrence was diagnosed using dynamic
CT/MRI, contrast-enhanced ultrasonography, or histological examination. HCC recurrences were

treated per the AASLD guidelines."?

Outcomes
The main outcome of this study was the estimation of the risk of tumor progression. Tumor progression
was defined as progression of HCC to BCLC stage B-D, which is characterized by more than 4 nodules
of HCC, portal invasion, or extrahepatic metastasis on follow-up imaging, or by Child-Pugh C hepatic
reserve.

We also estimated the risk of liver-related death, recurrence at new foci, and the frequency of

HCC treatment until tumor progression. Recurrence at new foci was defined as the appearance of a
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new HCC lesion at a different part from the HCC lesion that was initially diagnosed. The frequency of
HCC treatment until tumor progression was calculated from the number of treatments performed for
recurrent HCC during the follow-up period. We counted the combination therapy, such as ablation
following transarterial chemoembolization (TACE), as one treatment.

The follow-up began from the date of curative treatment for HCC and continued until the date

of death or date of last follow-up.

Statistical analysis

Baseline characteristics of the patients just before the first HCC treatment were analyzed using a x2
test for categorical variables and the Mann-Whitney U test for continuous variables. We estimated the
cumulative incidence using the Kaplan-Meier method and hazard ratio (HR) using time-varying Cox
regression. We used multivariate analysis to adjust for the following variables: the variables in
multivariate 1 analysis included age, number of tumors, Child-Pugh score, fibrosis-4 (FIB-4) index, a-
fetoprotein (AFP), and type of treatment (resection or ablation), and the variables in multivariate 2
analysis included age, number of tumors, ALBI score, FIB-4 index, AFP, and type of treatment
(resection or ablation). The ALBI score was calculated using serum albumin and total bilirubin: (log10
bilirubin [umol/L] x 0.66) + (albumin [g/L] x —0.085), which assesses liver function in HCC.'* FIB-4
index was calculated using age, platelet, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT): age (year) x AST (IU/L)/(platelet count [10%/L] x VALT [IU/L]), which is an
accurate marker of fibrosis in HCV infection.!> Event rates were reported as annual incidence rates.
The timing of DAA therapy after HCC treatment differed among patients, which means the status could
change during the follow-up period. Therefore, we assigned DAA therapy as a time-varying covariate,
by which the time from HCC treatment to the initiation of DAA therapy was statistically treated as the
untreated group (Supplementary Figure 1).!° All data analyses were performed using R statistical
software (version 3.6.0). All reported P values were two-sided, and a P value of less than 0.05, was

considered statistically significant.



Results

Patient Characteristics

We identified 558 patients with HCV-related HCC diagnosed for the first time. After adjusting for the
inclusion and exclusion criteria, 165 patients were included in the analysis. After curative treatment
for HCC, 72 patients received DAA therapy (DAA-treated group) and 93 patients did not (untreated
group). Baseline characteristics are listed in Table 1. The median age was 72 years (interquartile range
[IQR], 67-77), and 96 patients (58.2%) were men. Surgical resection for HCC was performed in 32.1%
of patients. Patients in the DAA-treated group had lower FIB-4 index (p=0.001) and ALBI score
(p=0.03), higher platelet level (p=0.003), and were more likely to undergo surgical resection (p<0.001).
Most patients (84.2%) had genotype 1 HCV infection.

The median follow-up period was 27.2 (IQR 11.0-49.4) months: 21.2 (IQR 7.7-43.7) months
in the untreated group and 39.4 (IQR 20.9-58.9) months in the DAA-treated group. The median time
from the HCC treatment to the initiation of DAA therapy was 8.0 (IQR, 5.4-30.8) months, wherein
33.3% were treated within 6 months, 29.2% were treated within 6-12 months, 9.7% were treated within

1-2 years, and 27.8% were treated for more than 2 years after HCC treatment.

Tumor progression

We recorded 47 incidences of tumor progression in the untreated group and nine in the DA A-treated
group. Among them, 29 (51.8%) involved more than 4 nodules in the liver, 13 (23.2%) were due to
portal invasion, 8 (14.3%) were due to extrahepatic metastasis, and 6 (10.7%) were due to deterioration
of hepatic reserve. A total of 22 (39.3%) cases were detected at first recurrence, 17 (30.4%) were at
second recurrence, and 17 (30.4%) had more than three recurrences. The one-year, 3-year-, and 5-year
tumor progression rates were 7.1%, 35.7%, and 54.5% respectively in the untreated group and 5.9%,
9.2%, and 17.1% respectively in the DAA-treated group (Figure 2A). The annual incidence rate of
recurrence was 14.0% in the untreated group and 4.1% in the DA A-treated group (Table 2).

Liver-related mortality

A total of 31 and 3 liver-related deaths were detected in the untreated and DAA-treated groups,
respectively. The 1-year, 3-year, and 5-year liver-related mortality rates were 0.7%, 13.7%, and 40.2%,
respectively, in the untreated group and 1.5%, 3.5%, and 10.0%, respectively, in the DAA-treated
group (Figure 2B). The annual incidence of liver-related death was 6.42% in the untreated group and

1.05% in the DA A-treated group (Table 2).



Recurrence at new foci

A total of 67 and 29 recurrences at new foci were detected in the untreated and DAA-treated groups,
respectively. In the untreated group and the DAA-treated group, 48/67 (71.6%) and 24/29 (82.8%)
recurrences at new foci were detected as BCLC stage 0/A. The 6-month, 1-year, and 2-year recurrence
at new foci probabilities were 4.0%, 21.4%, and 42.9%, respectively, in the untreated group and 6.6%,
18.7%, and 25.3%, respectively, in the DAA-treated group (Supplementary Figure 2).

The frequency of HCC treatment

Until tumor progression, 278 HCC treatments were performed in the untreated group (66 resection,
166 ablation, and 46 TACE) and 52 HCC treatments were performed in the DAA-treated group (7
resection, 30 ablation, and 15 TACE). The annual incidence of HCC treatment was 82.8% in the
untreated group and 23.9% in the DAA-treated group (HR 0.30; p<0.001) (Table 2).

Predictors of the tumor progression, liver-related mortality, and recurrence at new foci
DAA-induced SVR was associated with a reduction in the risk of tumor progression in univariate
analysis (HR 0.27, 95% confidence interval [CI] 0.13-0.57, p<0.001) and multivariate analysis (HR
0.28, 95% CI 0.13-0.61, p=0.001) after adjusted for age, number of tumors, Child-Pugh score, FIB-4
index, AFP, and type of HCC treatment (Table 3). DAA-induced SVR was also associated with a
reduction in the risk of liver-related death in univariate analysis (HR 0.11, 95% C1 0.03-0.38, p<0.001)
and multivariate analysis (HR 0.12, 95% CI 0.04-0.40, p<0.001) (Table 4). On the other hand, DAA-
induced SVR was not associated with a decrease in the risk of recurrence at new foci by univariate
(HR 0.69, 95% CI 0.45-1.06, p=0.09) and multivariate analysis (HR 0.68, 95% CI 0.43-1.08, p=0.10)
(Supplementary Table 1).

The FIB-4 index was associated with the risk of tumor progression (HR 1.10, p=0.004), liver-
related mortality (HR 1.14, p=0.004), and recurrence at new foci (HR 1.06, p=0.02).



Discussion
To our knowledge, this is the first study to investigate the effect of DAA therapy on the progression of
HCC and describe the details of repeated recurrences in patients with HCC at BCLC stage 0/A using
a tailored statistical method. We observed that the DAA-induced SVR significantly reduced the risk of
tumor progression, and the rate of HCC treatment until tumor progression.

DAA therapy should benefit patients infected with HCV.” DAA-induced SVR reduces HCC

7,17,18

incidence by approximately 70%, and is expected to revert fibrosis, decrease portal

19.2021 and reduce the risk of liver-related and all-cause death.® However, the benefits of

hypertension,
DAA-induced SVR for HCC recurrence are controversial. Two small uncontrolled studies with short
follow-up periods reported a high recurrence rate in patients with DAA therapy, which indicated that
DAA therapy unexpectedly made HCC more aggressive.?>?* Large controlled prospective studies
showed no increased risk of HCC recurrence following DAA therapy.'?*?> On the other hand, other
studies showed that DAA therapy reduced the risk of recurrence.?%?’

The results among previous studies were different because of the unique HCC characteristics,
and varied types of HCC treatment and statistical methods used. Some studies included patients with
recurrent HCC, HCC with BCLC stage B, or patients who received palliative treatment for HCC. In
some studies, the effect of different timings of DAA therapy was not considered because the authors
performed time-fixed analysis. To assess the impact of DAA-induced SVR clearly, we limited our
selection criteria to patients with HCC in BCLC stage 0/A, diagnosed at first time and managed by
curative treatment and analyzed the risk using a time-varying analysis. In our study, DAA-induced
SVR was not associated with recurrence at new foci.

A meta-analysis demonstrated that 77.8% of HCC recurrences were detected at an early stage,?®
whereas in our study cohort, 75% of recurrences at new foci were in the BCLC stage 0/A. Even after
the detection of HCC recurrence, most cases were expected to be cured again. Therefore, we
investigated a new outcome, tumor progression, which was defined as HCC in BCLC stage 0/A
progressing to BCLC stage B-D. We believe this outcome to be important because if HCC progresses
to BCLC stage B-D, the median survival time is decreased to less than 2 years and**-*° because tumor
progression directly worsens the patients’ quality of life and survival.’!

Our study noted an interesting finding that DAA-induced SVR resulted in a 72% reduction in
the risk of tumor progression (p=0.001), whereas DAA-induced SVR did not reduce the risk of
recurrence at new foci (p=0.10). To assess the rate of repeated recurrence until tumor progression, we

investigated the rate of HCC treatment until tumor progression. We found that DAA-induced SVR

resulted in a 58.9% reduction in the annual incidence of HCC treatment (p<0.001).
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Usually, cancer cells grow over long time-periods into a tumor mass that can be detected on
imaging. Hence, cancer cells could already be present when DAA therapy is initiated, which could
explain the different recurrence rates obtained after DAA therapy in previous studies. Our study
showed that DAA-induced SVR strongly reduced the risk of tumor progression and dramatically
decreased the rate of HCC treatment until tumor progression, indicating that DAA-induced SVR
suppresses the tumorigenesis and metastasis. We also found that DAA-induced SVR strongly reduced
the risk of liver-related death. Some recent multicenter studies reported that DA A therapy reduces the
risk of death.’>** We suggest that a reduction in the risk of tumor progression contributes to this
survival.

Our study had several limitations. First, this was a single-center retrospective study, and there
could be some bias and confounding factors. Multivariate analysis was used to adjust for the factors
that were suggested to affect outcomes. There was a selection bias since doctors would prescribe DAAs
only for patients who could have a long survival. Thus, to reduce the selection bias, we collected data
before the DAA regimen was permitted. Patients who survived longer without recurrence had more
chances to receive DAA therapy; this introduced the immortal time bias. Thus, it was important to
apply the timing of DAA therapy as a time-varying covariate.'® Second, we excluded patients with
Child-Pugh class B/C, because DAA therapy was not permitted for patients with Child-Pugh class B/C
until February 2019 in Japan. Therefore, we were not able to assess the impact of DAA-induced SVR
in patients with Child-Pugh class B/C. Lastly, the data on the patient’s alcohol consumption was
lacking, and we were not able to assess the effect of alcohol consumption on outcomes.

In summary, DAA-induced SVR significantly reduced the risk for tumor progression and liver-
related death and the frequency of HCC treatment following curative treatment for HCC at BCLC
stage 0/A.
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Tables

Table 1. Baseline Characteristics of the Patients.

Untreated group

DAA-treated group

Variable n =93 n=72 p value
Age (y) 74167, 79] 71167, 75] 0.18
Sex: Male 55 (59.1) 41 (56.9) 0.78
BMI (kg/m?) 22.8[20.3, 24.6] 23.1[20.7, 25.5] 0.41
Child-Pugh score 5/6 68 (73.1) / 25 (26.9) 59 (81.9)/ 13 (18.1) 0.18
ALBI score -2.52 [-2.73, -2.28] -2.69 [-2.83, -2.38] 0.03*
PLT (103/uL) 102 [69, 139] 128 [97, 152] 0.003**
FIB-4 index 5.96 [4.11, 8.55] 4.14 [2.89, 6.36] 0.001**
ALT (U/L) 41 [28, 57] 42 [28, 65] 0.62
Bilirubin (mg/dL) 0.7 [0.5,0.9] 0.6 [0.5, 0.9] 0.46
Alb (g/dL) 3.8[3.5, 4.0] 3.9[3.6,4.1] 0.052
Cr (mg/dL) 0.76 [0.62, 0.90] 0.75[0.63, 0.83] 0.46
INR 1.04 [0.99, 1.11] 1.03 [0.99, 1.07] 0.45
Treatment for HCC

Resection 18 (19.4) 35 (48.6) <0.001***

Ablation 75 (80.6) 37 (51.4)
BCLC staging

0 42 (45.2) 30 (41.7) 0.65

A 51 (54.8) 42 (58.3)
Size of tumor (cm) 2.0[1.5, 2.5] 2.0[1.6, 2.5] 0.42
Number of tumors

1 nodule 72 (77.4) 62 (86.1) 0.16

2-3 nodules 21 (22.6) 10 (13.9)
AFP (ng/mL) 16.4 [6.7, 39.0] 12.7 [5.8, 72.6] 0.78
Genotype

172/ unknown 62/13/17 61/10/1 0.59
Time to DAA therapy

< 6 months 24 (33.3)

6—12 months 21 (29.2)

1-2 years N/A 7(9.7) N/A

2-3 years 6 (8.3)

> 3 years 14 (19.4)

Values are reported as n (%) or median [interquartile ranges].

* p<0.05, ** p<0.01, *** p<0.001

Abbreviation: BMI, body mass index; ALBI score, Albumin-Bilirubin score; PLT, platelet count; FIB-4 index, fibrosis-4 index;
ALT, alanine aminotransferase; Alb, albumin; Cr, creatinine; INR, prothrombin time-international normalized ratio; HCC,
hepatocellular carcinoma; BCLC stage, Barcelona Clinic Liver Cancer stage; AFP, a-fetoprotein.
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Table 2. Incidence of Tumor progression, Liver-related death, Recurrence at new foci, and HCC
treatment.

Event PY event (n) pEe\:e;rgOrg;eY Annual incidence (%)
Tumor progression
Untreated group 335.9 47 1.7 14.0
DAA-treated group 217.2 9 3.5 4.1
Liver-related death
Untreated group 402.4 31 6.42 7.7
DAA-treated group 237.7 3 1.05 1.3
Recurrence at new foci
Untreated group 273.1 67 204 24.5
DAA-treated group 156.5 29 15.4 18.5
HCC treatment
Untreated group 335.9 278 69.0 82.8
DAA-treated group 217.2 52 19.9 23.9

Incidence of HCC treatment was calculated by the number of HCC treatment events until tumor progression.
The incidence of HCC treatment was calculated as the number of HCC treatments until tumor progression.
Abbreviation: PY, person-year; DAA, direct-acing antiviral.
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Table 3. Univariate and Multivariate time-varying Cox regression analyses for Tumor progression.

univariate multivariate 1 multivariate 2

Variable HR (95%Cl) p value HR (95%Cl) p value HR (95%Cl) p value
DAA therapy DAA-treated 0.27 (0.13-0.57) <0.001*** 0.28 (0.13-0.61) 0.001** 0.28 (0.13-0.61) 0.001**
Age per 10 years 1.26 (0.85-1.88) 0.26 1.13 (0.73-1.74) 0.60 1.16 (0.76-1.76) 0.50
Sex Male 0.67 (0.40-1.14) 0.14
BCLC stage A 0.84 (0.49-1.42) 0.51
Number of tumors  2-3 nodules 1.28 (0.68-2.44) 0.45 1.21 (0.65-2.22) 0.55 1.13 (0.61-2.07) 0.70
Size of tumor per 1 cm 0.77 (0.55-1.09) 0.14
Child-Pugh score 6 1.56 (0.85-2.88) 0.15 1.01 (0.46-2.22) 0.97
ALBI score per 1 2.39 (1.15-4.95) 0.02* 1.81 (0.75-4.36) 0.18
Platelet under 100 103/uL 1.30 (0.77-2.20) 0.33
FIB-4 index per 1 1.10 (1.05-1.16) <0.001*** 1.10 (1.03-1.18) 0.004** 1.09 (1.03-1.16) 0.005**
AFP over 40 ng/mL 0.80 (0.41-1.55) 0.50 0.68 (0.33—1.41) 0.30 0.65 (0.31-1.38) 0.26
Treatment Resection 1 1 1

Ablation 1.82 (0.97-3.41) 0.06 1.19 (0.59-2.42) 0.63 1.13 (0.55-2.34) 0.73
BMI per 1 kg/m? 0.98 (0.91-1.06) 0.68

* p<0.05, ** p<0.01, *** p<0.001

Tumor progression was defined as HCC in BCLC stage 0/A progressing to BCLC stage B-D.

Variables in multivariate 1 analysis included DAA therapy, age, number of tumors, Child-Pugh score, FIB-4 index, AFP, and type of treatment, and those in multivariate 2
included DAA therapy, age, number of tumors, ALBI score, FIB-4 index, AFP, and type of treatment.

Abbreviation: DAA, direct-acing antiviral; BCLC stage, Barcelona Clinic Liver Cancer stage; ALBI score, Albumin-Bilirubin score; FIB-4 index, fibrosis-4 index; AFP, a-fetoprotein;
BMI, body mass index.
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Table 4. Univariate and Multivariate time-varying Cox regression analyses for Liver-related mortality.

univariate multivariate 1 multivariate 2

Variable R (95%CI) p value HR (95%Cl) p value HR (95%CI) p value
DAA therapy DAA-treated 0.11 (0.03-0.38) <0.001*** 0.12 (0.04-0.40) <0.001*** 0.12 (0.04-0.41) <0.001***
Age per 10 years 1.26 (0.85-1.88) 0.22 1.34 (0.72-2.50) 0.35 1.44 (0.78-2.66) 0.24
Sex Male 0.56 (0.29-1.11) 0.10
BCLC stage A 0.94 (0.48-1.86) 0.87
Number of tumors  2-3 nodules 1.67 (0.75-3.71) 0.21
Size of tumor per 1 cm 0.77 (0.55-1.09) 0.29
Child-Pugh score 6 1.80 (0.83-3.88) 0.13 1.03 (0.39-2.73) 0.95
ALBI score per 1 2.39 (1.15-4.95) 0.01* 2.17 (0.58-8.11) 0.25
Platelet under 100 103/uL 1.42 (0.72-2.79) 0.31
FIB-4 index per 1 1.10 (1.05-1.16) <0.001*** 1.14 (1.04-1.24) 0.004** 1.12 (1.04-1.21) 0.004**
AFP over 40 ng/mL 0.68 (0. 28 1.65) 0.40
Treatment Resection 0.06

Ablation 2.26 (0.98 5.19) )
BMI per 1 kg/m? 0.98 (0.91-1.06) 0.64

* p<0.05, ** p<0.01, *** p<0.001
Tumor progression was defined as HCC in BCLC stage O/A progressing to BCLC stage B-D.

Variables in multivariate 1 analysis included DAA therapy, age, Child-Pugh score, and FIB-4 index; those in multivariate 2 included DAA therapy, age, ALBI score, and FIB-4

index.

Abbreviation: DAA, direct-acing antiviral; BCLC stage, Barcelona Clinic Liver Cancer stage; ALBI score, Albumin-Bilirubin score; FIB-4 index, fibrosis-4 index; AFP, a-fetoprotein;

BMI, body mass index.
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Figure legends

Figure 1.
Flowchart showing the study design for a retrospective cohort of patients with hepatitis C virus (HCV)-
related hepatocellular carcinoma (HCC). Overall, 165 patients were analyzed; 72 received direct-

acting antivirals (DAA) after HCC treatment (DA A-treated group) and 93 did not (untreated group).

Figure 2.
Cumulative incidence of tumor progression (A) and liver-related mortality (B) by Kaplan-Meier
analysis. Tumor progression was defined as when HCC in Barcelona Clinic Liver Cancer (BCLC)

stage 0/A progressed to BCLC stage B-D.

Supplementary Figure 1.

In the DAA-treated group, the time from HCC treatment to the initiation of direct-acting antiviral
(DAA) therapy was considered as the untreated group (DAA unexposed period). The time-varying
method is a tailored method to be used when the exposure is altered during follow-up. Using this
method, the DA A unexposed period in the DA A-treated group was statistically analyzed similar to that

of the untreated group.

Supplementary Figure 2.
Cumulative incidence of recurrence at new foci by Kaplan-Meier analysis. Recurrence at new foci was
defined as the appearance of a new HCC lesion at a different part of the liver than the HCC lesion that

was diagnosed initially.
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Figure 1.

HCV-related primary HCC
n = 558

Inclusion criteria

BCLC stage 0/A

HCC was diagnosed for the first time

Cured with Resection or Ablation (curative treatment): Achieved SVR with IFN-based therapy
Child-Pugh class A

Follow-up > 90 days after HCC treatment

Exclusion criteria
With positive Hepatitis B surface antigen
With AlH or PBC

Failed HCV treatment with DAA therapy
Received DAA therapy before HCC diagnosis

n=165

DAA-treated group
n=72

Untreated group
n=93

Flowchart showing the study design for a retrospective cohort of patients with hepatitis C virus (HCV)-

related hepatocellular carcinoma (HCC). Overall, 165 patients were analyzed; 72 received direct-

acting antivirals (DAA) after HCC treatment (DA A-treated group) and 93 did not (untreated group).

Figure 2.

(A) Tumor progression

(B) Liver-related death
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Cumulative incidence of tumor progression (A) and liver-related mortality (B) by Kaplan-Meier

analysis. Tumor progression was defined as when HCC in Barcelona Clinic Liver Cancer (BCLC)

stage 0/A progressed to BCLC stage B-D.
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Supplementary Figure 1.

madp DAA unexposed

:> DAA exposed Curgtive treatmept fo!' HCC Tumor.
diagnosed at first time progression

Untreated group
Initiated DAA therapy

DAA-treated group 4_% >

The time from curative treatment for HCC to the initiation of DAA therapy was considered as the
untreated group by using the time-varying method.

In the DAA-treated group, the time from HCC treatment to the initiation of direct-acting antiviral
(DAA) therapy was considered as the untreated group (DAA unexposed period). The time-varying
method is a tailored method to be used when the exposure is altered during follow-up. Using this
method, the DAA unexposed period in the DA A-treated group was statistically analyzed similar to that

of the untreated group.

Supplementary Figure 2.
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Cumulative incidence of recurrence at new foci by Kaplan-Meier analysis. Recurrence at new foci was
defined as the appearance of a new HCC lesion at a different part of the liver than the HCC lesion that

was diagnosed initially.
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