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Abstract

BACKGROUND

Direct-acting antivirals (DAAs) revolutionized the treatment of chronic hepatitis
C virus (HCV)-associated disease achieving high rates of sustained virological
response (SVR). However, whether DAAs can reduce the occurrence of hepato-
cellular carcinoma (HCC) in patients with HCV-associated cirrhosis who are at
high risk have not been concluded.

AIM
To investigate the effect of DAAs on the occurrence of HCC in patients with HCV-
associated cirrhosis after achieving SVR.

METHODS

Of 427 inpatients with HCV-associated cirrhosis were enrolled in Tianjin Second
People's Hospital from January 2014 to April 2020. 118 patients weren’t received
antiviral treatment with any reasons named non-antiviral treatment group, and
236 patients obtained from the 309 DAAs treatment patients according to the
propensity score matching named DAAs treatment group. Demographic
information and laboratory data were collected from baseline and the following
up. Kaplan-Meier curve and Log-Rank test were used to compare the incidence
and cumulative incidence of HCC between the two groups. Cox proportional risk
regression was used to re-evaluate the risk factors for HCC.
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RESULTS

HCC incidence was 4.68/100PY (95%CI, 3.09-6.81) in the DA As treatment group, while it was 3.00/100PY (95%CI,
1.50-5.37) in the non-antiviral treatment group, and the relative risk was 1.82 (95%CI, 0.93-3.53, P > 0.05). The
incidence of HCC at 12, 24, 36 and 48 months was 3.39%, 6.36%, 8.47% and 10.17% in the DA As treatment group,
and it was 0%, 0%, 3.39% and 9.32% in the non-antiviral treatment group, respectively. Age > 58 [hazard ratio (HR)
=1.089; 95%CI, 1.033-1.147; P = 0.002] and liver stiffness measurement > 27.85 kPa (HR = 1.043; 95%CI, 1.022-1.065;
P =0.000) were risk factors for HCC in all patients (n = 427), and DA As treatment didn’t show protective efficacy.

CONCLUSION
DAAs treatment seems failed to reduce the incidence of HCC occurrence in HCV-associated cirrhosis in 48 months,
and even increased the incidence of HCC in 36 months.

Key Words: Direct-acting antivirals; Sustained viral response; Cirrhosis; Hepatocellular carcinoma; Risk factor

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We evaluated the effect of direct-acting antivirals (DAAs) on the development of hepatocellular carcinoma (HCC)
in patients with hepatitis C virus (HCV)-associated cirrhosis during long-term follow-up. We performed propensity score
matching, Kaplan-Meier curve and Log-Rank test, the incidence and cumulative incidence of HCC in DA As treatment group
(n = 236) and non-antiviral treatment group (n = 118) were retrospectively evaluated, and the risk factors for HCC were
evaluated by Cox regression. We found that DAAs treatment of HCV-associated cirrhosis failed to reduce the incidence of
HCC over 48 mo. Age and liver stiffness measurement were risk factors for developing HCC in all patients (» = 427), and
DAAs treatment showed no protective effect.

Citation: Tao XM, Zeng MH, Zhao YF, Han JX, Mi YQ, Xu L. Direct-acting antivirals failed to reduce the incidence of hepatocellular
carcinoma occurrence in hepatitis C virus associated cirrhosis: A real-world study. World J Hepatol 2024; 16(1): 41-53

URL: https://www.wjgnet.com/1948-5182/full/v16/i1/41.htm

DOI: https://dx.doi.org/10.4254/wjh.v16.i1.41

INTRODUCTION

According to an estimate by the World Health Organization[1], more than 185 million people worldwide have been
infected with hepatitis C virus (HCV), of which 350000 people died from HCV infection each year. China is a region with
high incidence of HCV infection. It has been estimated[2] that the prevalence of HCV in China is between 0.4% and 2.0%,
with over 14 million infected persons. HCV infection has been identified as an independent risk factor for hepatocellular
carcinoma (HCC) development, especially in patients with cirrhosis[3]. In patients with HCV-associated cirrhosis, the risk
of developing HCC is estimated at 3% to 8% per year[4]. Multiple studies have shown[5,6] all-cause mortality and the risk
of HCC were reduced among chronic hepatitis C (CHC) patients who achieved sustained virological response (SVR) with
IFN-based antiviral therapy. A large number of studies[7,8], however, have indicated that IFN therapy can only bring a
low SVR rate, in addition, the therapeutic indications for IFN are limited, which effectiveness varies with the degree of
fibrosis, stage of liver disease, viral genotype, and presence of comorbidities[9]. New regimens with direct-acting antiviral
agents (DAAs) have not only changed the scope and spectrum of treatment, but also had high efficacy, sufficient safety
and few contraindications to be used in patients with advanced liver disease who are not recommended to be treated
with interferon[4]. Moreover, through different combined treatment solutions, more than 95% of SVR can be achieved,
regardless of HCV genotype or degree of fibrosis[10,11]. Kanwal et al[12], through a large retrospective cohort study,
found that DAAs treatment can reduce the occurrence of HCC in patients with HCV, and Calvaruso et al[10] discovered
that DAAs treatment can reduce the occurrence of HCC in patients with HCV-associated cirrhosis. However, some
studies[13,14] have shown that DAAs can increase the occurrence of HCC[15]. Hence, in this study, we evaluated the
efficacy of DAA on prevention HCC in HCV-associated cirrhosis patients who were at high risk after achieving SVR, in
the real-world. The Kaplan-Meier curve and log-rank test were used to compare the incidence of HCC development in
our hospital with or without DA As treatment. Cox regression was used to retrospectively study the risk factors of HCC in
HCV-associated cirrhosis patients after achieving SVR with DAAs.

MATERIALS AND METHODS
Study design

This was an institutional review board-approved retrospective clinical cohort study conducted at a large hepatology
hospital in China. Patients with HCV-related cirrhosis were enrolled from January 2014 through April 2020. DAA or
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liver-protective therapy was prescribed by experienced specialists according to the patient's condition. Informed consent
was obtained from all enrolled patients. Enrolled patients were followed and reviewed by specialists during follow-up.
Prior to implementation, education was provided to all hepatologists who would manage or verify orders for HCV
patients. Physician leadership and health care teams also participated in education about the protocol and its
implementation.

Included patients

A total of 427 consecutive inpatients with HCV-associated cirrhosis were enrolled in Tianjin Second People's Hospital
from January 2014 to April 2020. Of these, 309 patients received DAA treatment and the remaining 118 patients did not
receive antiviral therapy.

Inclusion criteria: (1) Age > 18, no gender limitation; (2) the serum anti-HCV and HCV RNA of all patients were
positive, and the diagnosis was in line with the diagnostic criteria of hepatitis C associated cirrhosis in China's Hepatitis C
Prevention and Treatment Guidelines 2019 Edition[16]; and (3) obtaining informed consent from all patients. Exclusion
criteria: (1) Patients successfully treated with interferon combined with ribavirin; (2) patients who received direct
antiviral therapy but did not achieve SVR; (3) For patients clinically diagnosed with HCC or previously diagnosed with
HCC, the diagnostic criteria for HCC should be based on the 2018 European Association for the Study of the Liver (EASL)
guidelines[4] and American Association for the Study of Liver Diseases guidance of HCC[17] and evaluated by imaging
or pathological examination; (4) Patients with previous history of extrahepatic tumor; (5) patients who have received or
are awaiting liver transplantation; (6) patients combined with HIV, HAV, HBV, HEV infection; (7) patients with alcoholic
liver disease, autoimmune hepatitis, drug-induced liver injury, genetic metabolic liver disease and other liver diseases;
and (8) patients with no follow-up records or incomplete follow-up data. A total of 836 inpatients with chronic HCV
infection in our hospital were evaluated, and 409 patients were excluded from this study, as shown in Figure 1.

The Medical Ethics Committee of Tianjin Second People's Hospital approved the study protocol, which conformed to
the ethical guidelines of the Declaration of Helsinki amended in 2008.

Therapy

Antivirus solution: According to the guidelines[16,18], the 309 patients were treated by experienced clinicians at or above
the attending level with the following regimen: (1) Sofosbuvir 400 mg/d + daclatasvir 60 mg/d + ribavirin 1000 mg/d (12
wk) regimen (95 cases); (2) sofosbuvir 400 mg/d+ Velpatasvir 100 mg/d (12 wk) (60 cases); (3) sofosbuvir 400 mg/d+
ribavirin 1000 mg/d (12 wk) (57 cases); (4) Ombitasvir 300 mg/d+ dasabuvir 500 mg/d (12 wk) (44 cases); (5) sofosbuvir
400 mg/d+ ledipasvir 90 mg/d+ ribavirin 1000 mg/d (12 wk) regimen (22 cases); (6) Elbasvir and Grazoprevir 50 mg/d
(12 wk) (17 cases); and (7) Dasabuvir 60 mg+ Asunaprevir 100 mg (24 wk) regimen (14 cases).

Non-antiviral treatment: Inclusion reasons: (1) Because some patients could not choose pegylated interferon (peg-IFN) +
ribavirin due to decompensation of cirrhosis, and DAA drugs were not released in China before 2017; and (2) Some
patients cannot choose the treatment due to the economic burden.

Patients without antiviral treatment were received the corresponding hepatoprotective treatment and symptomatic
treatment.

Demographics and laboratory parameters

We recorded baseline data including gender, age, weight, height, body mass index, compensatory/decompensated
cirrhosis, Child-Pugh score, nonspecific liver nodules, hypertension, diabetes, fatty liver, HCV genotype, HCV RNA
(viral load was quantified by direct-PCR, Roche Diagnostics, 1080 US Highway 202 South, Branchburg, NJ 08876, BMI),
Protein Induced by Vitamin K Absence or Antagonist-II (PIVKA-II), carcinoembryonic antigen (Cobas E601 electrochemi-
luminescence analyzer, Basel, Switzerland), alpha fetoprotein (AFP) (Cobas E601 electrochemiluminescence analyzer,
Basel, Switzerland); serum biochemical indicators: alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), y-alanine transferase (y-GT), total bilirubin (TBIL), total protein (TP), albumin (ALB), renal
function, creatinine, uric acid, glomerular filtration rate, blood glucose, triglyceride, total cholesterol, low density
lipoprotein, high density lipoprotein, all above assays were carried out in Hitachi 7180, automatic biochemical analyzer,
Japan. coagulation function: prothrombin time (PT), international standardized ratio of prothrombin time (INR); blood
routine: red blood cell, hemoglobin, white blood cell (WBC), platelet (PLT); liver stiffness measurement [liver stiffness
measurement (LSM), in kPa] and controlled attenuation parameter (in dB/m) values were obtained by FibroScan
(Echosens, Paris, France).

Follow-up and diagnostic criteria for HCC

The end point of this study was the first occurrence of HCC or death among the enrolled subjects by the end of April
2020, and all patients received nurse counseling, clinical visit and laboratory assessment (biochemistry, blood routine test,
bio-markers for HCC, efc.) at baseline and every 3-6 mo. According to the diagnostic criteria for HCC of EASL guidelines
[4], patients were screened for HCC by ultrasound (US, Philips, No. IU22, 22100 Bothell Everett Highway Bothell, WA,
United States) or AFP every 3-6 mo. When HCC was suspected, further examination such as enhanced computed
tomography (CT) (Philips Row 64, Haifa, Israel), Gd-EOB-DTPA enhanced magnetic resonance imaging (MRI) (Siemens
Skyra3.0T, Germany), hepatic digital subtraction angiography (Artis Zee 3, Fochheim County, Bavaria, Germany), or
pathological examination were taken. The duration of follow-up was calculated from reaching SVR after DAA treatment
to the diagnosis of HCC, death, or the end of follow-up (Figure 2).
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836 patients infected with HCV

Exclude (n = 409)
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HCC history (n = 31)
With HBV or HIV co-infection (n = 36)
Combined with other liver diseases such as
auto-immune liver or alcoholic liver (n = 61)
For liver transplantation (n = 22)
Incomplete follow-up (n = 62)

427 patients with HCV-associated cirrhosis

_— T
- —
//// \\\\\\‘
309 patiepts with 118 patients with non-
DAAs achieve SVR antiviral treatment
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I
DAAs treatment group Non-antiviral treatment group
n =236 n=118

DOI: 10.4254/wjh.v16.i1.41 Copyright ©The Author(s) 2024.

Figure 1 Flow chart of patients included in this study. HCV: Hepatitis C virus; HCC: hepatocellular carcinoma; DAA: Direct-Acting Antiviral Agents; SVR:
sustained virologic response; PSM: propensity score matching.

DAA SVR Study inclusion

3-6 months 3-6 months 3-6 months
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 Laboratory analysis o Laboratory analysis  Laboratory analysis  Laboratory analysis

« Nurse counselling » Nurse counselling « Nurse counselling « Nurse counselling
Suspected HCC

!

Enhanced CT, MRI or biopsy
DOI: 10.4254/wjh.v16.i1.41 Copyright ©The Author(s) 2024.

Figure 2 Study time points and follow-up of this study. DAA: Direct-Acting Antiviral Agents; SVR: sustained virological response; US: Ultrasound; CT:
Computed tomography; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging.

Definitions of SVR and nonspecific liver nodules
SVR definition: according to EASL guidelines[18], SVR is defined as 12 wk after the end of treatment (SVR 12), and HCV
RNA is not detected in serum or plasma, evaluated by highly sensitive molecular methods, additionally, the detection
limit is 15 IU/mL.

Nonspecific liver nodules were defined[19] as < 10 mm or nodules > 10 mm but in which HCC diagnosis was ruled out
before starting DAA by contrast enhanced US (CEUS), CT, or MRI.

Statistical analysis

Data conforming to normal distribution were represented by (mean * SD), and HCV RNA was calculated by denary
logarithm. Independent sample ¢ test was used to analyze and compare the two groups. The skewness distribution of
measurement data was represented by M (P25, P75). The comparison between the two groups was analyzed and
compared by Mann-Whitney U test, and the paired samples were analyzed and compared by Wilcoxon signed rank test.
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The statistical data were expressed as percentages, and analyzed by Chi-square test or Fisher's exact probability method.
Kaplan-Meier curve and log-rank test were used to compare the difference in the cumulative incidence of HCC between
the two groups. All clinical data were included in binary logistic regression analysis for univariate and multivariate
analysis to evaluate the influencing factors of HCC occurrence and obtain a regression equation. Cox proportional risk
regression was used to re-evaluate the risk factors for HCC before and after DAA treatment, and the independent
predictors of HCC were obtained by incorporating the indicators with statistical differences in univariate analysis into
multivariate analysis. Meanwhile, risk ratio and 95% confidence interval (CI) were calculated. P < 0.05 was considered to
indicate that all analyses were statistically significant. Incidences, expressed as 100 patient-years (100PY), relative risks
(RR) and their 95%CI were estimated utilizing Poisson regression models, using as offset the logarithm of radiological
follow-up.

Statistical analyses were performed using SPSS version 26 (SPSS, Inc., Chicago, IL, United States), GraphPad Prism
Version 9.0H (GRAPH PAD Software, Inc., La Jolla, CA, United States) and R Version 3.1.2 (R Core Development Team,
2010).

RESULTS

Baseline characteristics of patients

A total of 427 patients were included in this study from January 2014 to April 2020 (409 patients were not included
according to the exclusion criteria) and completed follow-up. Among them, 309 patients were treated with DAAs and 118
patients were not treated with antiviral therapy. Considering the influence of gender and age on the results of this study,
we used the propensity score matching (R Version 3.1.2) to adjust for age and sex, and divided patients into DAAs
treatment group (n = 236) and non-antiviral treatment group (n = 118) (Figure 1). The baseline characteristics of the two
groups of patients were introduced in Table 1.

Efficiency of DAAs treatment on HCV-associated cirrhosis

After DAAs treatment, all patients in the DAAs treatment group achieved SVR (patients who did not achieve SVR were
not included in this study). After achieving SVR, the LSM value (20.55 + 16.95 kPa) was significantly lower than baseline
(26.15 + 16.90 kPa) (t = 3.499, P = 0.001), and the values of ALT, AST, y-GT, ALP and TP were significantly decreased
compared with those at baseline (P < 0.05), and WBC and PLT were significantly increased (P < 0.05), as shown in Table 2.

Comparison of HCC incidence between DAAs treatment group and non-antiviral treatment group
During the follow-up, 27 cases of HCC occurred in the DAAs treatment group (236 cases), while 11 cases of HCC
occurred in the non-antiviral treatment group (118 cases), and there was no significant difference in the total incidence of
HCC between the two groups (y*> = 0.369, P = 0.544). In the DAAs treatment group, HCC incidence was 4.68/100PY
(95%CI, 3.09-6.81), while it was 3.00/100PY (95%CI, 1.50-5.37) in the non-antiviral treatment group. Indeed, its RR was
1.82 (95%CI, 0.93-3.53, P > 0.05). The duration of follow-up in the DAAs treatment group was 1-84 mo (29.33 * 16.20), the
median follow-up time was 27 months and the time of HCC occurrence in the DAAs treatment group was 5-66 mo. The
cumulative incidence of HCC at 12, 24, 36 and 48 mo was 3.39%, 6.36%, 8.47% and 10.17%, respectively. The duration of
follow-up in the non-antiviral treatment group was 1-84 mo (37.25 £ 15.94), the median follow-up time was 41 months (¢ =
-4.359, P = 0.000) and the time of HCC occurrence in the DAAs treatment group was 26-48 mo. The incidence of HCC at
12, 24 mo, 36 mo and 48 mo was 0%, 0%, 3.39% and 9.32%, respectively. There was significant difference in the incidence
of HCC at 12, 24, and 36 mo between the two groups (P = 0.048, P = 0.003, and P = 0.025), while there was no significant
difference in the cumulative incidence of HCC at 48 mo between the two groups (P = 0.388) (Figure 3).

Log-rank test was used to compare and analyze the cumulative incidence of HCC between the two groups (log-rank
test, P = 0.107). Kaplan-Meier curve was used to show the cumulative incidence of HCC between the two groups after
adjusting for age and gender factors in Figure 4.

Risk factors for HCC occurrence in patients with HCV-associated cirrhosis

Table 3 shows the risk factors associated with the development of HCC in all patients (n = 426). Univariate analysis
identified DA As treatment, their age, cirrhosis (compensate/decompensate), nonspecific liver nodules, Child-Pugh (A/
B/C), FIB-4 index, ALB, TBIL, PT, PLT and LSM as factors significantly associated with HCC. According to the
multivariate analysis, age [hazard ratio (HR) = 1.089; 95%CI, 1.033-1.147; P = 0.002] and LSM (HR = 1.043; 95%CI, 1.022-
1.065; P = 0.000) were independent factors significantly associated with HCC. The optimal cut-off value of age was 0.249,
and the value was 58 years. And for LSM, the optimal cut-off value was 0.466, and the value was 27.85 kPa.

DISCUSSION

A model-based study conducted in 2015 found that about 9.8 million people in China are chronic HCV infection, ranking
first in the world[20]. HCV infection is one of the major risk factors for HCC occurrence, and data analysis in 2018
showed that 21% of new HCC cases and deaths were attributed to HCV infection[21]. The relative risk of HCV-infected
patients developing HCC is 15-20 times larger than that of uninfected persons[22,23]. The incidence of HCV-associated
HCC is mostly based on cirrhosis, and the annual incidence of HCC in non-sclerotic patients (pre-sclerotic) is only 0.68%
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Table 1 Baseline characteristics of the direct-acting antiviral agents treatment group (n = 236) and the non-antiviral treatment group (n

=118), n (%)

Variables DAA treatment (n = 236) Non-antiviral (n = 118) tiZlx* P value
Ages (yr) 55.01 +9.52 53.69 +10.07 1.208 0.228
Male 120 (50.85) 68 (57.63) 1.452 0.228
Cirrhosis (compensate) 187 (79.24) 90 (76.27) 0.407 0.524
Nonspecific liver nodules 191 (80.25) 100/18 (15.13) 0.782 0.377
Child-Pugh (A/B/C) 177/51/8 83/30/5 0.887 0.642
Genotype (1a/1b/2a/3a/3b/6a) 1/156/48/11/11/9 0/73/21/7/7/10 4.663 0.458
g (HCV RNA) IU/mL 6 (5.6) 5 (4.6) -2.191 0.028
Along with the disease

Diabetes 51 (21.61) 30 (25.42) 0.648 0.421
Fatty liver 52 (22.03) 13 (11.02) 6.370 0.012
Hypertension 50 (21.19) 23 (19.49) 0.138 0.710
FIB-4 5.27 (3.51, 8.16) 4.94 (2.30, 6.38) -0.032 0.975
CEA (ng/mL) 3.27 (2.22, 4.86) 2.76 (1.45, 4.70) -1.015 0.310
AFP (ng/mL) 9,28 (5.15, 19.60) 9.58 (4.27,17.89) -2.919 0.004
PIVKA-II (mAU/mL) 24 (18, 32) 24 (21, 35.5) -1.190 0.234
PLT (10°/L) 108.02 + 61.66 110.66 + 65.68 -0.342 0.733
CAP (dB/m) 232.76 + 45.35 241.15 £ 53.59 -0.986 0.325
LSM (kPa) 26.15 +£16.90 29.50 £16.61 -1.269 0.206

DAAs: Direct-acting antiviral agents; HCV RNA was calculated by denary logarithm expressed as Ig (HCV RNA); FIB-4: The Fibrosis-4 index; ALBI: The
albumin-Bilirubin score; CEA: Carcinoembryonic antigen; AFP: Alpha fetoprotein; PIVKA-II: Vitamin K Absence or Antagonist-II; PLT: Platelet; CAP:
Controlled attenuation parameter; LSM: Liver stiffness measurement; PSM: Propensity score matching.

Patients (%) ? DAAs treatment group

14+ Non-anivirial treatment group

124 P=10.388

104 P=0025 pie

9.32
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Figure 3 The incidence of hepatocellular carcinoma at 12 mo, 24 mo, 36 mo, and 48 mo between the direct-acting antiviral agents
treatment group and the non-antiviral treatment group. DAA: Direct-acting antiviral agents.
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group (n = 236)

Variables Before DAA After DAA tZlx? P value
ALT (U/L) 52 (34, 84.25) 20.5 (16, 32) 12.962 0
AST (U/L) 59.5 (40, 83.5) 26 (20.2, 39) 14.351 0
y-GT (U/L) 58 (34.75,108.5) 34 (23, 54) 8.691 0
ALP (U/L) 86 (65.75, 113.25) 83.9 (64, 115) 2.236 0.025
TP (g/L) 71.93 +8.23 73.62 +7.88 2267 0.024
ALB (g/L) 38.78 +6.22 4293 +7.08 -6.755 0
TBIL (umol/L) 18.6 (14.5,27.5) 23.7 (13.3, 41) -1.452 0.146
BUN (mmol/L) 4.98+2.24 5.83 +3.70 -2.969 0.003
GLU (mmol/L) 6.34+1.98 6.93 +2.44 2717 0.007
PT (s) 14.41 +£2.16 14.30 + 6.35 0.16 0.873
INR 127+1.22 1.21 +0.56 0.444 0.557
WBC (10°/L) 439+1.69 493+213 -3.066 0.002
RBC (10'2/L) 414+0.75 4274079 -1.803 0.072
HGB (g/L) 130.33 + 23.05 131.91 + 25.07 -0.706 0.481
PLT (10°/L) 108.20 + 61.66 123.45 + 65.98 257 0.01
CEA (ng/mL) 3.3 (2.22,4.89) 3.34 (2.3,5.27) 0111 0911
AFP (ng/mL) 9.38 (5.31, 19.67) 5.81 (3.6, 9.02) 9.683 0
PIVKA-II (nAU/mL) 24 (18,32) 28 (20,41) -1.958 0.05
CAP (dB/m) 232.76 + 45.35 239.56 + 45.35 2.062 0.04
LSM (kPa) 2615 +16.90 2055 +16.95 3.499 0.001

SVR: Sustained virologic response; DAA: Direct-acting antiviral agents; HCV RNA was calculated by denary logarithm expressed as g (HCV RNA); CEA:
Carcinoembryonic antigen; AFP: Alpha fetoprotein; PIVKA-II: Vitamin K Absence or Antagonist-II; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; y-GT: y-alanine transferase; ALP: Alkaline phosphatase; TP: Total protein; ALB: Albumin; TBIL: Total bilirubin; BUN: Renal function;
GLU: Blood glucose; PT: Prothrombin time; INR: International standardized ratio of prothrombin time; WBC: White blood cell; RBC: Red blood cell; HGB:
Hemoglobin; PLT: Platelet; CAP: Controlled attenuation parameter; LSM: Liver stiffness measurement.

[24], while the annual average incidence of HCC in patients with HCV-associated cirrhosis is 1%-4%, and even 7% in the
Asia-Pacific region[25]. With the introduction of various DAAs, their superior antiviral efficacy, low adverse reactions,
and the increasing availability of drugs driven by our medical insurance policy, the HCV antiviral treatment strategy has
changed completely, and IFN is no longer the first-line treatment for HCV infection[16]. However, HCV clearance does
not mean a decrease in HCV-associated HCC. The current literature mainly studied the influence of DAAs on HCC
occurrence in patients with hepatitis C. In this study, we focused on patients with HCV-associated cirrhosis because they
are in higher risk of progression to HCC than chronic hepatitis C.

In this study, liver function indicators and LSM became significantly better after DAA treatment in the DAAs
treatment group (P < 0.05), indicating that DAAs can effectively improve liver function and alleviate liver fibrosis in
patients with HCV-associated cirrhosis. Deterding et al[26], in a single-center study, showed that interferon-free DAAs
treatment effectively improved liver function in patients with HCV-associated cirrhosis, and Quaranta et al[27] observed
improvement in liver function after HCV eradication in most patients with cirrhosis. Gentile et al[28] and Flisiak et al[29]
confirmed this trend by observing similar changes in their study. Chan et al[30] enrolled a total of 70 CHC patients treated
with DAAs, and results showed that 34 patients (48.6%) were worthy of significant improvement in LSM value at the end
of treatment (relative to the baseline LSM value improvement > 30%). In another study, Curry et al[31] also found that at
least 85% of patients with liver cirrhosis had a 40% reduction in LSM after HCV elimination by DAAs treatment, although
10% of patients still had an increase. Hence, DAAs treatment should be used as early as possible in CHC patients. In
general, the elimination of HCV by DAAs improved the degree of liver fibrosis in most patients, and even reversed
cirrhosis in a few patients[32]. In a 5-years follow-up study of CHC patients, Flisiak et al[33] found that DAAs treatment
could alleviate liver inflammation and fibrosis after HCV eradication, and suggested that the improvement in LSM might
be related to the reduction of liver inflammation, which is consistent with our results. It is well known that hypersplenism
as a complication happens in patients with cirrhosis, especially in decompensated cirrhosis, then the three systems of
blood cells will decrease, and PLT and WBC are laboratory parameter closely related to the development of hypers-
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Table 3 Factors of hepatocellular carcinoma occurrence in all patients with hepatitis C virus associated cirrhosis (n = 427)

Univariate Multivariate
Variables
HR 95%Cl P value HR 95%Cl P value
DAA treated 0.478 0.245-0.933 0.03
Ages (yr) 1.052 1.019-1.087 0.002 1.089 1.033-1.147 0.002
Gender (M/F) 1.297 0.750-2.242 0.352
Cirrhosis (compensate/de) 2.312 1.271-4.207 0.006
nonspecific nodules (Y/N) 3.112 1.734-5.586 0
Child-Pugh (A/B/C) 2184 1.416-3.367 0
Fatty liver 0.686 0.271-1.738 0.427
FIB-4 1.063 1.026-1.101 0.001
AFP (ng/mL) 0.994 0.981-1.008 0419
AST (U/L) 1.005 0.999-1.010 0.126
ALB (g/L) 0.922 0.885-0.961 0
TIBL (pmol/L) 1.015 1.007-1.022 0
PT 1.23 1.083-1.398 0.001
PLT 0.992 0.986-0.997 0.005
LSM 1.038 1.018-1.058 0 1.043 1.022-1.065 0

HCC: Hepatocellular carcinoma; HR: Hazard ratio; DAA: Direct-acting antiviral agents; FIB-4: The Fibrosis-4 index; ALBI: The albumin-Bilirubin score;
AFP: Alpha fetoprotein; AST: Aspartate aminotransferase; ALB: Albumin; TBIL: Total bilirubin; EOT: End of treatment; PLT: Platelet; PT: Prothrombin

time; LSM: Liver stiffness measurement.
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Figure 4 Cumulative incidence and Survival probability of hepatocellular carcinoma between the direct-acting antiviral agents treatment
group and the non-antiviral treatment group. A: Cumulative incidence of hepatocellular carcinoma (HCC) between direct-acting antiviral agents (DAASs)
treatment group and non-antivial treatment group; B: Survival probability of HCC between new DAAs treatment group and non-antivial treatment group.

plenism[34]. This study implyed that HCV eradication could alleviate hypersplenism.

The effect of interferon-free DAAs treatment on the occurrence of HCC is controversial, and some recent studies have
explored the topic[10,12-15,19,35]. A study[36] from Egypt showed that the incidence of HCC was significantly lower in
patients with HCV-associated advanced fibrosis and cirrhosis treated with DA As than in a historical cohort of untreated
patients. A long-term follow-up study from Poland[33] showed that DAAs treatment reduced the risk of HCC, whereas a
Spanish study[37] included data from approximately 4000 DA A-treated patients and reported an annual HCC incidence
of 0.93% within 18 months of initiation of DAAs treatment. They found that the incidence of HCC in patients with
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cirrhosis was higher regardless of their response to DAAs. A cohort of studies[38] from France revealed that the apparent
increase in HCC incidence observed in patients with cirrhosis treated with DAAs compared with patients who achieved
SVR following an IFN therapy could be explained by patient characteristics (age, diabetes, reduced liver function) and
lower screening intensity. The results of this study indicating that DAAs treatment seems unable to reduce the risk of
HCC in patients with HCV-associated cirrhosis. Furthermore, we calculated the HCC incidence of DAAs treatment group
and non-antiviral treatment group at 12 mo, 24 mo and 36 mo. During this period, the incidence of HCC in the DAAs
treatment group was higher than that in the non-antiviral treatment group (P < 0.05), which indicated that DAAs
treatment may lead to an increased risk of short-term HCC occurrence, and this was consistent with the results of Mettke
et al[35]. The reason might be that DAA treatment weakens the body’s ability to immune surveillance and control tumors.
Due to the existence of an effective immune system, the tiny primary tumor has been under the strong surveillance of the
immune system. However, the rapid eradication of HCV may lead to the sudden weakening or withdrawal of immune
surveillance, which is conducive to the proliferation and growth of isolated tumor cells. Serti et al[39] have also reported
that DAA therapy can affect the composition of the innate immune system. Furthermore, Faillaci ef al[40] showed that
DAAs-mediated increase of vascular endothelial growth factor favors HCC recurrence/occurrence in susceptible patients,
i.e. those with more severe fibrosis and splanchnic collateralization, who already have abnormal activation in liver tissues
of neo-angiogenetic pathways, as shown by increased Angiopoietin-2. However, there was no significant difference in
HCC incidence between the two groups at 48 months, which may be due to the fact that DAAs treatment can reduce the
long-term incidence of HCC, but it is also likely to be limited by the follow-up period of this study. Therefore, a large
sample with long-term follow-up should attract the attention of researchers.

In this study, we found old age and high LSM value were factors of HCC in all patients with HCV-associated cirrhosis,
and the results shew that patients with HCV-associated cirrhosis had a higher risk for HCC with age > 58 years and
baseline LSM > 27.85 kPa. Research by Asahina et al[41] also showed that elderly people have a higher risk of HCC. The
reason may be that the older the patient is, the worse the physical function is, the more the relative underlying diseases
are, and of course, the incidence of HCC is also higher. The best cut-off value of age obtained in this study is 58 years old
which we should pay more attention to screen HCC and carry out some drug interventions to minimize the occurrence of
clinical HCC when older than that. Hepatic decompensation, liver failure and HCC are more likely to occur in patients
with HCV-associated cirrhosis with high LSM. Morisco et al[42] also concluded that baseline LSM > 20 kPa identifies HCV
cirrhotic subjects at higher risk of liver-related events after SVR. In clinical practice, we usually perform liver function and
ultrasound examinations on patients, which suggests that we also should pay more attention to LSM. It is worth
mentioning that DAAs treatment showed a statistical difference in univariate analysis, while there was no statistical
difference in multivariate analysis. In this study, after adjusting for age and sex, Kaplan-Meier curve and Cox analysis
showed no statistical difference in cumulative HCC incidence between DAAs treatment group and non-antiviral
treatment group (P =0.107). This result proved that DAAs therapy didn’t reduce the occurrence of HCC in patient with
HCV-associated cirrhosis in a median 4 years. So, combining immunopotentiator agents or optimizing better DAAs might
be considered.

Despite the important findings of this study, there are also limitations: First, this study was a single-center study.
Second, the results of this study only reflect the events during the follow-up period of 1-84 mo, extending the follow-up
time may have different results. Third, the non-antiviral treatment group is higher than the average follow-up time DAA
treatment group, which may affect the results. Last, the DAA treatment regimen in this study is not uniform, so the
influence of DAAs factors on the results cannot be excluded.

CONCLUSION

Our study shows that DAAs improved liver function, alleviated hepatic fibrosis and hypersplenism in patients with
HCV-associated cirrhosis. This study found that DAAs did not reduce the incidence of HCC in HCV-associated cirrhosis
compared without antiviral therapy, suggesting that the priority of DAAs for HCV patients in the clinic is reasonable.
However, we should explore solutions to optimize DAAs treatment to reduce the occurrence of HCC in HCV-associated
cirrhosis patients, and continued careful follow-up is necessary.

ARTICLE HIGHLIGHTS

Research background

Direct-acting antivirals (DAAs) revolutionized the treatment of chronic hepatitis C virus (HCV)-associated disease
achieving high rates of sustained virological response (SVR). However, whether DAAs can reduce the occurrence of
hepatocellular carcinoma (HCC) in patients with HCV-associated cirrhosis who are at high risk have not been concluded.

Research motivation

The key to the retrospective cohort study is to explore DAA treatment in HCV-associated cirrhosis patients with HCC.
Solutions to optimize DAAs treatment are explored to reduce the occurrence of HCC in patients with HCV-associated
cirrhosis, and careful follow-up is needed.
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Research objectives

To investigate the effect of DAAs on the occurrence of HCC in patients with HCV-associated cirrhosis after achieving
SVR.

Research methods

427 inpatients with HCV-associated cirrhosis were enrolled in Tianjin Second People's Hospital from January 2014 to
April 2020. 118 patients weren’t received antiviral treatment with any reasons named non-antiviral treatment group, and
236 patients obtained from the 309 DAAs treatment patients according to the propensity score matching named DAAs
treatment group. Demographic information and laboratory data were collected from baseline and the following up.
Kaplan-Meier curve and Log-Rank test were used to compare the incidence and cumulative incidence of HCC between
the two groups. Cox proportional risk regression was used to re-evaluate the risk factors for HCC.

Research results

The DAA treatment group was followed up for 1-84 mo, with a median follow-up of 28 mo, while the non-antiviral
treatment group was followed up for 5-84 mo, with a median follow-up of 37 mo. Age > 58 [hazard ratio (HR) = 1.089;
95% confidence interval (CI), 1.033-1.147; P = 0.002] and liver stiffness measurement > 27.85 kPa (HR = 1.043; 95%CI,
1.022-1.065; P = 0.000) were risk factors for HCC in all patients (n = 427), and DAA treatment didn’t show protective
efficacy. After adjusting for confounding factors (age and sex), 27 cases of HCC occurred in the new DAA treatment
group (236 cases), and there was no significant difference in the total incidence of HCC between the two groups (y* =
0.369, P = 0.544). In the new DAA treatment group, HCC incidence was 4.68/100PY (95%CI, 3.09-6.81), while it was 3.00/
100PY (95%Cl, 1.50-5.37) in the non-antiviral treatment group. The follow-up time of the new DAA treatment group was
1-84 mo (29.33 £ 16.20), the median follow-up time was 27 mo and the time of HCC occurrence in the new DAA treatment
group was 5-66 mo. The incidence of HCC at 12, 24, 36 and 48 mo was 3.39%, 6.36%, 8.47% and 10.17% in the new DAA
treatment group, and it was 0%, 0%, 3.39% and 9.32% in the non-antiviral treatment group, respectively.

Research conclusions

This is a novel assessment that provides theoretical insight into the impact of achieving SVR after DAA on HCC
development in patients with HCV-associated cirrhosis. This study found that DAAs did not reduce the incidence of
HCC in HCV-associated cirrhosis compared with no antiviral therapy, suggesting that the clinical priority of DAAs for
patients with HCV is justified. We should also explore solutions to optimize DAAs therapy to reduce the occurrence of
HCC in patients with HCV-associated cirrhosis.

Research perspectives

In future study, we should be focused on the research of the multicenter, large data, in order to more accurately assess
DAAs influence on HCV-associated liver diseases in patients with HCC, thereby reducing the occurrence of HCC, and it
can from common biochemical indicator, liquid biopsy, multiple sets of multi-angle discussion such as HCV-associated
liver disease risk factors in patients with HCC.
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