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Abstract. Direct acting antivirals (DAA) have recently been
developed to treat patients with hepatitis C virus (HCV)
infection, and interferon‑free DAA treatment has improved
the cure rate of patients. However, the occurrence rate of
hepatocellular carcinoma (HCC) following HCV eradication
remains unknown. Therefore, the present study aimed to identify predictors of HCC occurrence following DAA treatment.
Among 1,454 patients infected with HCV, 1,088 patients who
achieved sustained virologic response and who had no history
of HCC treatment were recruited between September 2014 and
November 2018. The incidence of HCC in patients infected
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with HCV following DAA treatment, and the predictors
contributing to HCC occurrence were identified using clinicopathological characteristics and blood test results. During
the present study, 26 patients developed HCC. The incidence
of HCC was 0.61, 1.88, 2.82 and 3.71% at 6, 12, 18 and
24 months after treatment with DAA, respectively. The results
of multivariate analysis identified age [hazard ratio (HR),
1.0729; P=0.0044] and α‑fetoprotein (AFP) level after DAA
treatment (HR, 1.0486; P=0.0486) as independent factors that
may contribute to HCC occurrence following DAA treatment.
By using these two factors, a novel scoring system (0‑2 points)
was established to predict HCC occurrence following HCV
eradication by DAA treatment. The incidence of HCC at
2 years was 0.3% in the 0 points group, 6.27% in the 1 point
group and 18.37% in the 2 points group. In conclusion, AFP
level after DAA treatment and age at DAA administration
were identified as independent predictors of HCC occurrence
in patients that were treated with DAA. The scoring system
that was established in the present study is simple and easy,
and using pre‑treatment factors may be a convenient tool
to predict the risk of HCC occurrence in HCV‑free patients
following DAA treatment.
Introduction
Hepatitis C virus (HCV) infection is a risk factor for the occurrence of liver cirrhosis (LC) and hepatocellular carcinoma
(HCC) (1). The combination of interferon (IFN) and ribavirin
has been used as a standard treatment of HCV infection;
however, the cure rate remains unsatisfactory (~50%) (2‑4).
Furthermore, IFN cannot be administered to elderly patients
or to patients with LC and low platelet count, due to the risk of
numerous adverse events, including high fever, general fatigue,
depression, interstitial pneumonia and decreased platelet
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count (5). As a result, the number of patients who can benefit
from IFN treatment is small. Direct acting antivirals (DAA)
have been developed against HCV infection, and IFN‑free
DAA treatment has dramatically improved the cure rate of
patients to >90% (6‑11). In addition, this treatment is safe to
use, due to mild adverse events compared with IFN treatment,
for patients with HCV (6‑11).
It has been previously reported that IFN can suppress
hepatic carcinogenesis (12,13). However, since numerous
elderly patients with HCV and patients with LC have received
IFN‑free DAA treatment, there is some concern regarding
the potential increase in hepatic carcinogenesis occurrence following treatment. It has been demonstrated that
DAA‑induced sustained virological response (SVR) does not
reduce the short‑term occurrence of HCC in patients following
successful DAA treatment (14). Conversely, a retrospective
cohort study of 22,500 patients with HCV treated with DAA
demonstrated that HCC occurrence is significantly diminished
in patients with SVR compared with those without (15).
However, a method to predict the risk of HCC in
HCV‑infected patients achieving SVR by IFN‑free DAA
treatment remains to be determined. SVR was categorized as
undetectable HCV RNA (target not detected) at week 12 after
the end of treatment (SVR12) (6‑11). The establishment of a
simple scoring system using general clinical data to predict
the risk of HCC after SVR12 is crucial. The present study
proposed one scoring system for the prediction of HCC occurrence in patients who achieved SVR following IFN‑free DAA
treatment.
Materials and methods
Patients. This project was a multicenter study, which
included six institutions (Kagawa University Hospital,
Kagawa Prefectural Central Hospital, Takamatsu Red Cross
Hospital, Mitoyo General Hospital, Kagawa Rosai Hospital
and Yashima General Hospital) in Kagawa, Japan (All
Kagawa Liver Disease Group Study). A total of 1,454 patients
with HCV infection who received IFN‑free DAA treatment
between September 2014 and November 2018 were included
in the present study. The study population included 742 men
and 712 women. The median age of patients at the start of
DAA treatment was 68 years (range, 59‑76 years). The present
study was conducted in accordance with the guidelines of
the Declaration of Helsinki and was approved by the Ethics
Committee of Kagawa University, Faculty of Medicine
(approval no. Heisei‑27‑174). The requirement for informed
consent from the participants was waived because of the retrospective nature of the study.
The exclusion criteria were as follows: i) Patients
co‑infected with hepatitis B virus or human immunodeficiency virus, or patients with other liver diseases, including
primary biliary cholangitis and autoimmune hepatitis;
ii) patients with decompensated cirrhosis, since IFN‑free
DAA treatment was not approved for these patients in Japan;
and iii) patients with a previous history of HCC or patients
who did not achieve SVR12 following DAA treatment.
A total of 1,088 patients who achieved SVR12 following
IFN‑free DAA treatment were finally included in the present
study (Fig. 1). Of the 1088 patients: 258 were treated with

Figure 1. Patient selection criteria. HCV, hepatitis C virus; IFN, interferon; DAA, direct‑acting antiviral; HCC, hepatocellular carcinoma; SVR,
sustained virological response.

daclatasvir and asunaprevir for 24 weeks; 316 patients were
treated with sofosbuvir (SOF) and ledipasvir for 12 weeks;
244 patients were treated with SOF and ribavirin for
12 weeks; 86 patients were treated with elbasvir and grazoprevir for 12 weeks; 91 patients were treated with ombitasvir,
paritaprevir and ritonavir for 12 weeks; and the remaining
93 patients were treated with glecaprevir and pibrentasvir
for 8‑12 weeks. None of the patients enrolled in the present
study received multiple courses of DAA treatment, due to
recurrence or non‑response to initial treatment. Each patient
was examined by ultrasonography (US) or CT to exclude
the presence of HCC at the onset of DAA administration.
Serum samples for HCV RNA measurements were collected
at screening; treatment weeks 1, 2, 4, 8 and 12 (or early
discontinuation); and posttreatment weeks 4, 8, 12, and 24 (or
early discontinuation). HCV‑RNA was extracted from 200 µl
of serum sample using the Qiagen mRNeasy serum‑plasma
kit (Qiagen) according to the manufacturer's instructions. By
using a commercially available device, a TaqMan polymerase
chain reaction method (COBAS AmpliPrep/COBAS TaqMan
HCV test version 2; Roche Molecular Diagnostics; lower limit
of quantification, 1.6 log10 IU/ml; lower limit of detection,
1.2 log10 IU/ml) was used to detect HCV RNA, according
to the manufacturer's instructions. HCV Genotyping test
was also detected with the commercial VERSANT HCV
Genotype 2.0 assay (LiPA 2.0; Siemens Healthineers) and
HCV sequencing for detection of six HCV genotypes 1a, 1b,
2, 3, 4, and 6 in the serum samples was conducted according
to the manufacturer's instructions.
HCC surveillance after obtaining SVR12. The blood was
collected from patients before, during (at weeks 2, 4, 8 and 12),
and after (at weeks 4, 8 and 12) treatment. The serum samples
were prepared according to the manufacturer's instructions.
The serum samples were not stored before analysis. US was
performed at the time of SVR12 and twice a year after this.
US examination was performed by experienced hepatologists or sonographers at each institution. The serum levels of
α ‑fetoprotein (AFP) were measured every 1‑6 months.
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Table I. Baseline characteristics of patients included in the present study.
Characteristic

Value

Sex, n (male/female)
Age, years (range)
CH/LC, n
HCV serotype, n (1/2 or 3)
AST, IU/l (range)
ALT, IU/l (range)
Total bilirubin, mg/dl (range)
Albumin, g/dl (range)
Hemoglobin, g/dl (range)
White blood cell count,/µl (range)
Platelet count, x104/µl (range)
AFP, ng/ml (range)
Total cholesterol, mg/dl (range)
FIB‑4 (range)
APRI (range)
WFA‑M2BP, COI (range)
Diabetes mellitus, n, no/yes (n=683)
Body mass index, kg/m2 (range)
HCV‑RNA, log copies/ml (range)
DAA therapy, n (ASV +DCV/SOF + LDV/SOF+RBV/ERB + GZR/OBV + PTV + r / GLE + PIB)

545/543
68 (58‑75)
897/191
779/309
37 (27‑59)
35 (23‑60)
0.7 (0.6‑0.9)
4.1 (3.8‑4.3)
13.5 (12.4‑20.1)
4,850 (3,820‑5,950)
15.8 (11.6–20.1)
4.4 (3‑8)
168.5 (148.8‑190)
2.94 (1.85‑4.63)
0.86 (0.50‑1.55)
1.59 (0.99‑2.42)
572/111
22.7 (20.6‑25.1)
6.1 (5.5‑6.5)
258/316/244/86/91/93

AFP, α‑fetoprotein; ALT, alanine aminotransferase; APRI, AST to platelet ratio index; AST, aspartate aminotransferase; ASV, asunaprevir;
CH, chronic hepatitis; DAA, direct‑acting antiviral; DCV, daclatasvir; ERB, Elbasvir; FIB‑4, Fibrosis‑4 index; GLE, Glecaprevir; GZR,
Grazoprevir; HCV, hepatitis C virus; IU, international unit; LC, liver cirrhosis; LDV, ledipasvir; OBV, Ombitasvir; PIB, Pibrentasvir; PTV,
paritaprevir; r, ritonavir; RBV, ribavirin; SOF, sofosbuvir; WFA‑M2BP, floribunda agglutinin+‑Mac‑2 binding protein.

If HCC was suspected following US examination or as a
result of elevated AFP level, contrast enhanced US (CEUS),
dynamic CT or gadolinium‑ethoxybenzyl‑diethylenetriamine
pentaacetic acid‑enhanced magnetic resonance imaging
(EOB‑MRI) were performed for further evaluation of HCC.
For the diagnosis of HCC, the 2005 Guidelines of the American
Association for the Study of Liver Disease (16) were adopted.
HCC was diagnosed based on the findings from dynamic CT,
EOB‑MRI and/or CEUS using perflubutane (Sonazoid™;
Daiichi Sankyo Co., Ltd.) (17). Typical HCC pattern imaging
criteria were defined as follows: i) Hypervascularity defined
as focal lesion hyperattenuation relative to the liver during the
arterial phase of each imaging method, and wash‑out appearance was observed during the portal and parenchymal phase;
and ii) tumors were revealed as defects in the post vascular
phase of CEUS or the hepatobiliary phase of EOB‑MRI. TNM
stage was determined according to the HCC staging report
in the Liver Cancer Study Group of Japan, 6th Edition (18).
Diagnosis of LC was performed in accordance with clinical,
experimental, abdominal US and/or histological findings (19).
In addition, the fibrosis‑4 (FIB‑4) index was used to evaluate
fibrosis clinically before and after DAA treatment. FIB‑4
index was calculated using the following formula: FIB‑4
index=[aspartate aminotransferase (AST; IU/l) x age (years)
/ platelet count (10 9/l) x alanine aminotransferase (ALT;
IU/l)1/2]. A cut‑off value of 3.25 was used for prediction of
severe fibrosis (20,21).

Statistical analysis. Data are presented as the mean.
Statistical analyses were performed using the Kaplan‑Meier
method, log‑rank test, ROC analysis and Cox hazard
analysis using JMP statistical software (version 11.0 for
Windows; SAS Institute, Inc.). All P‑values were derived
from two‑tailed tests, and P<0.05 was considered to indicate
a statistically significant difference. Receiver operating characteristic (ROC) and area under the curve (AUC) values were
calculated to define cut‑off values for risk factors of HCC
occurrence.
Results
Patient characteristics. A total of 1,454 patients started
IFN‑free DAA treatment during the study period and
1,088 patients were enrolled in the present study after applying
the exclusion criteria. Baseline characteristics of the patients
are presented in Table I. The study population included
545 men and 543 women. The median age of patients at the
start of DAA treatment was 68 years (range, 58‑75 years).
The numbers of patients with chronic hepatitis (CH) and LC
were 897 and 191, respectively. Only 683 cases were reported
regarding the presence or absence of diabetes mellitus.
Cumulative incidence rate of HCC. The median observation
time was 13.8 months after the end of DAA treatment. There
were many patients 3‑6 months after the end of treatment, and
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Table II. Characteristics of patients who developed HCC
newly after DAA treatment.
Characteristic
Sex, n (male/female)
Age, years (range)
CH/LC, n
HCV serotype (1/2 or 3)
AFP, ng/ml (range)
AFP‑L3, % (range)
DCP, mAU/ml (range)
NAFLD, n, no/yes
Alcohol, n, none/drinking
Diabetes mellitus, n, no/yes
Drugs used in diabetes mellitus
Dipeptidyl peptidase‑4 inhibitor
Sulfonylurea
Metformin
Insulin preparation
No medication
Number of tumors
Maximum tumor diameter, mm (range)

Value
15/11
72 (66‑79)
16/10
24/2
6.5 (5‑22)
0.85 (0.5‑3.8)
28 (17.5‑66)
18/8
18/8
19/7
1
2
3
3
1
1 (1‑2)
13 (10.75‑18)

Figure 2. Cumulative incidence of HCC after hepatitis C virus eradication
using direct‑acting antiviral treatment shown by a Kaplan‑Meier curve and
the number of patients at each observation time point. HCC, hepatocellular
carcinoma; M, month.

Data are presented as the mean. Values in parentheses represent
interquartile ranges. AFP, α‑fetoprotein; CH, chronic hepatitis; DCP,
des‑gamma‑carboxy prothrombin; HCV, hepatitis C virus; LC, liver
cirrhosis; NAFLD, non‑alcoholic fatty liver disease.

633 patients could be evaluated half a year later. During the
present study, 26 patients developed HCC. The incidence of
HCC was 0.61, 1.88, 2.82, 3.71 and 6% at 6, 12, 18, 24 and
36 months after DAA treatment by the Kaplan‑Meier method,
respectively (Fig. 2). The number of patients followed‑up at
each time point is presented in Fig. 2.
Characteristics of patients who developed de novo HCC
following DA A treatment. The characteristics of the
26 patients who developed de novo HCC after DAA treatment
are presented in Table II. Among these patients, 15 were men
and 11 were women (median age, 72 years; range, 66‑79 years).
Furthermore, the numbers of CH and LC cases were 16 and
10, respectively. Median values for serum levels of AFP
and des‑gamma‑carboxy prothrombin were 6.5 ng/ml and
28 mAU/ml, respectively. Among the 26 patients, eight had
non‑alcoholic fatty liver disease, eight were alcohol consumers
and seven had diabetes mellitus. Six of the patients with
diabetes mellitus were treated for the condition. The median
size of the maximum tumor diameter was 13 mm and the
median number of tumors was one.
Risk factors for HCC occurrence following DAA treatment.
Potential prognostic factors for HCC occurrence included
HCV serotype, sex, age, body mass index and blood test data
at both the start and end of DAA treatment (ALT, AST, total

Figure 3. Cumulative incidence of HCC in patients infected with hepatitis
C virus with direct‑acting antiviral treatment and scored by combining
α‑fetoprotein serum level after DAA treatment (<6 ng/ml, 0 points; ≥6 ng/ml,
1 point) and advanced age (<75 years, 0 points; ≥75, 1 point). Study patients
were grouped based on these scores as follows: 0 point (n=630), 1 point
(n=402) and 2 points (n=56). The cumulative HCC incidence increased
significantly with the score (P<0.001). *P<0.001. HCC, hepatocellular carcinoma; M month.

bilirubin, albumin, platelet count, AFP, total cholesterol serum
levels and FIB‑4 index; Table III).
The univariate analysis of the log‑rank test identified
age (P=0.0006), albumin serum level before DAA treatment
(P=0.0038), platelet count before DAA treatment (P=0.0002),
FIB‑4 before DAA treatment (P=0.0016), platelet count after
DAA treatment (P=0.0022)and AFP serum level after DAA
treatment (P=0.0194) as risk factors for HCC. In addition,
these results identified serotype (P= 0.0950) and FIB‑4 after
DAA treatment (P=0.0938) to have the tendency as potential
risk factors. Cox hazard analysis was performed using HCV
serotype, age, platelet count before and after DAA treatment,
FIB‑4 before and after DAA treatment, albumin before DAA
treatment, and AFP serum level after DAA treatment. The
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Table III. Factors associated with HCC occurrence after DAA treatment in patients included in the present study (n=1,088).
	Univariate analysis
Factor

Multivariate analysis

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

HR

95% CI

P‑value

HR

95% CI

P‑value

HCV serotype, 1 vs. others
2.5198
0.8662‑10.683
0.0950
1.3602
0.4127‑6.1675
0.6363
Sex, male vs. female
1.6772
0.7732‑3.7544
0.1905			
Age, for every year
1.0729
1.0286‑1.1253
0.0006
1.0814
0.4127‑1.1517
0.0044
Body mass index, for every kg/m2
1.0156
0.9390‑1.0352
0.8617			
Diabetes mellitus, yes vs. no
2.4271
0.7715‑6.5522
0.1208			
History of interferon‑based therapy, yes
1.2026
0.5088‑2.6610
0.6608			
vs. no						
Before DAA treatment						
AST, for every IU/l
1.0016
0.9899‑1.0097
0.7640			
ALT, for every IU/l
0.9966
0.9846‑1.0038
0.4466			
Total bilirubin, for every mg/dl
1.4651
0.6076‑2.1760
0.3257			
Albumin, for every g/dl
0.3022
0.1467‑0.6677
0.0038
0.6493
0.1786‑2.5285
0.0617
Platelet count, for every 1x104/µl
0.9873
0.9784‑0.9966
0.0002
0.7966
0.6234‑1.0109
0.5269
AFP, for every ng/ml
1.0004
0.9873‑1.0052
0.9216			
FIB4, for every 1
1.1795
1.0725‑1.2705
0.0016
0.7774
0.5294‑1.0515
0.1119
After DAA treatment						
AST, for every IU/l
0.9985
0.9985‑1.0127
0.8660			
ALT, for every IU/l
1.0008
0.9791‑1.0136
0.9291			
Total bilirubin, for every mg/dl
1.0709
0.6376‑1.5731
0.4053			
Albumin, for every g/dl
1.0042
0.8932‑1.0160
0.8136			
0.9099
0.8536‑0.9674
0.0022
1.0560
0.8605‑1.2188
0.5688
Platelet count, for every 1x104/µl
AFP, for every ng/ml
1.0497
1.0098‑1.3828
0.0194
1.0486
1.0003‑1.0900
0.0486
FIB‑4, for every 1
1.0896
0.9799‑1.1489
0.0938
1.0254
0.8105‑1.1309
0.7582
AFP, α‑fetoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; DAA, direct‑acting antiviral; FIB‑4, fibrosis‑4; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; IU, international unit.

results demonstrated that age [hazard ratio (HR), 1.0814; 95%
CI, 1.0814‑1.1517; P=0.0044] and AFP serum level after DAA
treatment (HR, 1.0486; 95% CI, 1.0003‑1.0900; P=0.0486)
were significant risk factors that may contribute to HCC
occurrence after DAA treatment (Table III).
ROC analysis and diagnostic value. According to the ROC
value for HCC occurrence based on age noted in 1,088 patients
(sensitivity, 0.500; specificity, 0.7372; AUC, 0.6416), the cut‑off
value for age was set as 75 years (data not shown). Furthermore,
the cut‑off value of AFP serum level after DAA treatment was
set as 6.0 ng/ml, based on the ROC value for developing HCC
based on AFP serum levels before DAA treatment noted in
1,088 patients (sensitivity, 0.8400; specificity, 0.6315; AUC,
0.743) (data not shown).
Determination of HCC risk score by combining sex and AFP
serum level at the start of DAA treatment. The Cox hazard
analysis was performed using age, platelet count before and
after DAA treatment, FIB‑4 before and after DAA treatment,
albumin serum level before DAA treatment, AFP serum
level after DAA treatment grouped by cut‑off values, and
HCV serotype (data not shown). Age ≥75 years (HR, 4.17;
95% CI, 1.5658‑11.915; P=0.0043) and AFP serum level after

DAA treatment (HR, 2.99; 95% CI, 1.1002‑8.6251; P=0.0318)
were significant risk factors contributing to HCC occurrence
after DAA treatment (Table IV). Therefore, based on the
results of the multivariate analysis, the scoring system to
predict occurrence of HCC should be based on two factors:
Age and post‑treatment AFP serum level. The age groups of
<75 and ≥75 years were set as 0 and 1 points, respectively and
post‑treatment AFP serum level (ng/ml) <6 and ≥6 were set as
0 and 1 points, respectively (Table IV). To simplify the score
of HCC occurrence, the sum of the points given for each factor
was considered as the score.
Patients included in the present study were scored based on
the aforementioned risk factors, giving total scores of 0, 1 or
2 for each patient, and were subsequently grouped as follows:
0 points (n=630), 1 point (n=402) and 2 points (n=56). Fig. 3
presents the cumulative incidence curve of HCC occurrence
for each group. The incidence of HCC was 0.00, 0.30, 0.30,
0.30 and 1.26% at 6, 12 18, 24 and 36 months, respectively,
in the 0 points group. The incidence of HCC was 0.71, 1.05,
1.58, 6.27 and 10.45% in the 1 point group. The incidence of
HCC was 2.88, 4.92, 11.61, 18.37 and 18.37%, respectively, in
the 2 points group. In addition, the cumulative incidence of
HCC was increased significantly with higher predictive scores
(P<0.001; Fig. 3).
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Table IV. Independent factors associated with HCC occurrence after DAA treatment in Cox hazard analysis and scores for
prediction of HCC occurrence.
				
Factor
HR
95% CI
P‑value

Score for prediction of
HCC occurrence (points)

Age				
≥75 years
4.17
1.5658‑11.915
0.0043
<75 years
1.00			
AFP after DAA treatment				
<6 ng/ml
1.00			
≥6 ng/ml
2.99
1.1002‑8.6251
0.0318

1
0
0
1

AFP, α‑fetoprotein; HR, hazard ratio; HCC, hepatocellular carcinoma; DAA, direct‑acting antiviral.

Discussion
HCC frequently occurs in patients with chronic HCV infection
who have received IFN‑based treatment, even after achieving
SVR. It has been previously reported that AFP and ALT levels
after treatment are risk factors associated with HCC occurrence (12). Furthermore, other studies have demonstrated that
risk factors for the occurrence of HCC in patients who achieved
SVR after IFN‑based treatment are elderly age, advanced liver
fibrosis, fatty liver, male sex and alcohol consumption (22‑24).
Although IFN‑based treatment has been the standard treatment for HCV‑infected patients to date, it cannot be used in
elderly patients and in patients with advanced liver fibrosis,
due to the risks of IFN‑related adverse events.
Recently, DAA has been introduced as a simple and safe
antiviral oral treatment for HCV infection. The application of
DAA has facilitated the eradication of HCV, even in elderly
patients and patients with LC (6‑11). In addition, it has been
reported that eradication of HCV by DAA treatment reduces
the risk of HCC (25). However, there are few reports on the
incidence of HCC occurrence following DAA treatment in
patients who have achieved SVR, compared with IFN therapy.
Previous studies have demonstrated that IFN treatment
reduces the incidence of HCC (26,27). The 5‑year cumulative incidence of HCC is ~3% in patients who achieve SVR
following IFN‑based treatment (22,28). However, in patients
>65 years, the 5‑year cumulative incidence of HCC is 6%,
whereas patients with cirrhosis presented with a high rate of
18.9% (12,29). Therefore, it is crucial to identify and predict
the incidence of HCC after DAA treatment, which includes
patients that are older and have cirrhosis.
There are two possible reasons for the occurrence
of HCC after SVR. Firstly, HCC may have been missed
following imaging diagnosis before DAA administration.
Secondly, HCC could develop after DAA treatment. In the
present study, all images obtained following US, CT or MRI
were repeatedly reviewed to prevent any oversight and to
exclude patients with HCC before starting DAA treatment.
The results of the present study demonstrated that the 12‑
and 36‑months cumulative incidences of HCC were 1.88
and 6.00%, respectively. Chang et al (30) reported that the
3‑year cumulative incidence of HCC in patients who received
IFN treatment was 1.2%. Furthermore, Watanabe et al (31)

recently demonstrated that the 1‑ and 2‑year cumulative incidences of HCC were 1.9 and 4.1%, respectively. In addition,
in the high‑risk groups for HCC occurrence, the 1‑ and 2‑year
cumulative incidences were 6.1 and 14.4%, respectively (31).
The results of these studies supported the data from the
present study demonstrating that the incidence of HCC at
3 years after DAA treatment was higher than that after IFN
treatment (11,22,26‑31). This difference in HCC incidence
between DAA and IFN treatment may be due to the inclusion
of patients with LC in the study group.
The present study demonstrated that the 26 cases of
de novo HCC shared common characteristics (high age
and early stage HCC). Fatty liver, alcohol consumption and
diabetes mellitus have been suggested to be involved in HCC
occurrence (24,31); however, the hazard ratio of these factors
was not high in the present study. In addition, there was no
difference observed in HCC occurrence in patients following
diabetes treatment. Because the observation period until HCC
occurrence was short (13.8 months), alcohol consumption and
diabetes mellitus were not considered to be involved in HCC
occurrence. Instead, the present study suggested a cytological
origin of carcinogenesis before DAA treatment; however,
long‑term observations indicated that these factors would
gradually contribute to liver carcinogenesis.
El‑Serag et al demonstrated that older adults are at higher
risk of developing HCC (32). In the present study, univariate
analysis identified age, HCV serotype, albumin serum level,
platelet count and FIB‑4 index before DAA treatment as
risk factors for HCC occurrence. In addition, platelet counts,
AFP serum level and FIB‑4 index after DAA treatment were
considered as risk factors for HCC occurrence. Furthermore,
following multivariate analysis, age and AFP serum level after
DAA treatment were identified as independent risk factors for
HCC occurrence. These results were consistent with previous
studies, which reported that elderly patients have a higher risk
of developing HCC after antiviral treatment (22,23,33,34).
Elevated AFP serum level is recognized as one of the
common risk factors for HCC occurrence (31,35). In the present
study, AFP serum level after DAA treatment was considered
as a risk factor for HCC occurrence. Subsequently, the cutoff
value of AFP serum level after DAA treatment was established
as 6 ng/ml. In the present study, a simple scoring system was
proposed to predict the risk of HCC occurrence after HCV
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eradication by DAA treatment. The HRs of age and AFP after
DAA treatment were similar. In order to establish a simple
scoring system, scores of 0 or 1 point for age <75 and ≥75 years,
respectively, were designated. The identified risk factors of age
(≥75 years) and AFP serum level after treatment (≥6.0 ng/ml)
were scored as 1 point, and each patient was scored for these risk
factors, giving a total of 0, 1 or 2 points. The 2‑year incidence of
HCC was 0.30, 6.27 and 18.37% in the 0, 1 and 2 points groups,
respectively. The cumulative incidence of HCC increased
significantly with higher scores (P<0.001). Previous studies have
reported a stratification of HCC occurrence rate by scoring with
FIB‑4 and AFP after SVR or sex (31,34). However, compared
with other reports, the scoring system established in the present
study is simple and concise, and uses only two factors (advanced
age and AFP levels after DAA treatment) to predict the risk of
HCC occurrence after SVR.
The prognosis of patients with HCC is known to be dependent on tumor number, tumor size and liver function (36,37).
It has been demonstrated that VEGF expression is increased
following antiviral treatment, and may contribute to HCC
occurrence after DAA treatment (38). However, because accurate quantification of VEGF is complicated, a simple method
is required for the early detection of HCC, particularly in
high‑risk patients. Therefore, surveillance of HCC occurrence
in patients who have achieved successful HCV eradication
by DAA treatment is crucial in the presented simple scoring
system. By identifying patients with high risk of HCC occurrence after SVR, early diagnosis could be more achievable. In
the 2‑points group identified by the present scoring system,
it may be necessary to confirm non‑hypervascular hyperpointense nodes with EOB‑MRI before DAA treatment (39).
However, the observation period was short in the present
study, and a longer observation period is required to validate
the conclusions.
In conclusion, age ≥75 years and AFP ≥6 ng/ml after DAA
treatment were independent predictors for the development of
HCC in patients who achieved SVR after DAA treatment. The
proposed scoring system using these two factors may serve
an important role in determining the risk of HCC occurrence
after DAA treatment.
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