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antivirals and interferon‑based treatments: A multicenter study
ATSUSHI NAKAZAWA1, SHINICHI FUJIOKA2, KAZUO NOTSUMATA3, TOSHIHIDE SHIMA4,
KIMIHIKO YANGITA5, MASANORI KAWAGUCHI6, TOSHIYUKI TAHARA7, MASAKI OOMOTO8,
TORU ISHIKAWA9, ICHIRO KAWANA10, NOBUHIRO TSUKADA1, SHINSUKE FUNAKOSHI1,
HIROYUKI ITOH11, TOMOO NAGANO12, YUTAKA HORIE13, MASAYUKI TATEMICHI14,
KAZUHIDE YAMAMOTO2 and TAKESHI OKANOUE4
1

Department of Internal Medicine, Saiseikai Central Hospital, Tokyo 108‑0073; 2Department of Internal Medicine,
Okayama Saiseikai General Hospital, Okayama 700‑8511; 3Department of Internal Medicine, Fukui‑ken Saiseikai Hospital,
Fukui 918‑8503; 4Department of Gastroenterology and Hepatology, Osaka Saiseikai Suita Hospital, Osaka 564‑0013;
5
Department of Internal Medicine, Saiseikai Karatsu Hospital, Karatsu, Saga 847‑0852; 6Department of Gastroenterology,
Saiseikai Wakayama Hospital, Wakayama 640‑8158; 7Department of Internal Medicine, Saiseikai Utsunomiya Hospital,
Utsunomiya, Tochigi 321‑0974; 8Department of Internal Medicine and Gastroenterology, Saiseikai Imabari Hospital,
Imabari, Ehime 799‑1502; 9Department of Gastroenterology and Hepatology, Saiseikai Niigata Daini Hospital,
Niigata 950‑1104; 10Department of Gastroenterology, Saiseikai Yokohamashi Nanbu Hospital, Yokohama,
Kanagawa 234‑0054; 11Department of Internal Medicine, Saiseikai Kure Hospital, Kure, Hiroshima 737‑0821;
12
Department of Internal Medicine, Kamisu Saisekai Hospital, Kamisu, Ibaraki 314‑0112; 13Department of
Gastroenterology, Shimaneken Saiseikai Gotsu General Hospital, Gotsu, Shimane 695‑0011; 14Department of
Preventive Medicine, Tokai University School of Medicine, Isehara, Kanagawa, 259‑1193, Japan
Received December 22, 2020; Accepted March 24, 2021
DOI: 10.3892/wasj.2021.98
Abstract. Direct‑acting antivirals (DAAs) have a high rate of
achieving a sustained virological response (SVR) to hepatitis C
virus (HCV). However, there is a possibility that the rapid
elimination of HCV by DAAs can decrease internal interferon
(IFN) secretion, resulting in an increased rate of hepatocel‑
lular carcinoma (HCC) recurrence than that observed with
the current IFN‑based treatment. The present study aimed
to retrospectively confirm the absence of differences in the
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recurrence rates of HCC between patients receiving DAAs
and IFN‑based treatment, and to investigate the possible risk
factors for recurrence. The HCC recurrence rate following
treatment was compared between patients who underwent
DAA therapy (DAA group, n=257) and those who received
an IFN‑based regimen (IFN group, n=47). Kaplan‑Meier
analysis and the log‑rank test were used to compare the
groups, and baseline confounds were adjusted by Cox
proportional methods. Further comparison of the HCC recur‑
rence rate between the DAA and IFN groups was performed
after adjusting these potential confounding variables using
propensity score matching. Kaplan‑Meier analysis revealed no
significant differences in the HCC recurrence rate between the
two groups, as well as no significant difference following the
adjustment of the confounding variables. In addition, signifi‑
cant independent risk factors were identified for recurrence
in the DAA group, including proteins induced by vitamin K
absence or antagonist‑II, the number of previous HCC treat‑
ments and the Forns index. Following the adjustment for risk
factors for HCC recurrence among the patients in the DAA
group, no significant differences in the rate were observed
between the DAA and IFN groups. On the whole, these results
suggested that HCC recurrence following curative treatment
was equivalent in patients treated with DAAs and those treated
with IFN. The Forns index was identified as a novel risk factor
for HCC recurrence following DAA treatment.
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Introduction
A regimen using direct‑acting antivirals (DAAs) without
the use of interferon (IFN) was approved as a treatment in
2014 (1). Compared to IFN‑based regimens, DAAs have fewer
side‑effects and a much higher rate of achieving a sustained
virological response (SVR) (2). Thus, DAAs can be used in
older patients and patients with hepatic cirrhosis, with compa‑
rable therapeutic efficacy to IFN‑based treatment.
However, a Spanish group reported a high short‑term hepa‑
tocellular carcinoma (HCC) recurrence rate in patients with
HCC treated with DAAs than those treated with IFN‑based
treatment (3). They pointed out a possibility that IFN and
DAA treatment may significantly differ in viral suppression
and related kinetics of inflammation. Moreover, they stated
that hepatitis C virus (HCV) eradication may occur at an early
stage following DAA treatment, while IFN treatment requires
a longer period of time to eradicate the virus. Thus, DAA can
reduce the expression of endogenous IFN in a short period of
time, which has an antitumor effect, by reducing inflammation
at an early stage. Furthermore, they hypothesized that IFN
treatment is expected to exert a tumor suppressive effect due
to the cancer immunity induced by IFN (3).
By contrast, French and Italian groups have reported
that DAAs and IFN‑based regimens are equally effective in
suppressing the recurrence of HCC (4,5). Since DAA treat‑
ment without the use of IFN has only a short history, and given
the lack of time for post‑treatment follow‑up, its long‑term
efficacy in suppressing the recurrence of HCC is unknown.
A study using a database of patients who underwent DAA
therapy at a Veterans Affairs Hospital in the USA investigated
the recurrence of HCC in patients treated with IFN mono‑
therapy, DAA therapy (including IFN) and DAA monotherapy.
The results demonstrated that, following adjustment for back‑
ground factors, there was no significant difference in the HCC
recurrence rate between DAA monotherapy and other treat‑
ments (6). Furthermore, Japanese studies have found that when
patients who received treatment with IFN‑based regimens or
DAAs were matched by background characteristics, there was
no difference in the HCC recurrence between the two groups
who achieved SVR (7‑9).
The present study first confirmed whether the effect of
DAA therapy in suppressing HCC recurrence in patients who
achieved SVR was equivalent to that of an IFN‑based regimen
among different populations. Second, the possible predictive
factors that may be associated with the cumulative HCC recur‑
rence rates following DAA therapy were investigated.
Patients and methods
Patients. The present study was a multicenter study of
patients in hospitals belonging to the Saiseikai Liver Study
Group (SLSG) of the community hospitals affiliated with
the Saiseikai Hospital Group. The study sites were Okayama
Saiseikai General Hospital (Okayama, Japan), Fukui‑ken
Saiseikai Hospital (Fukui, Japan), Saiseikai Suita Hospital
(Osaka, Japan), Saiseikai Karatsu Hospital (Karatsu, Japan),
Saiseikai Wakayama Hospital (Wakayama, Japan), Saiseikai
Utsunomiya Hospital (Utsunomiya, Japan), Saiseikai Imabari
Hospital (Imabari, Japan), Saiseikai Niigata Daini Hospital

(Niigata, Japan), Yokohamashi Nanbu Hospital (Yokohama,
Japan), Tokyo Saiseikai Central Hospital (Tokyo, Japan),
Saiseikai Kure Hospital (Kure, Japan), Kamisu Saiseikai
Hospital (Kamisu, Japan) and Saiseikai Gotsu General
Hospital (Gotsu, Japan). The present study was performed in
compliance with the Declaration of Helsinki and approved by
the Ethics Committee of Tokyo Saiseikai Central Hospital,
where the principal investigator A.N. is employed, after which
it was also approved by the ethics committees or equivalent
committees of the participating study sites. Informed consent
was obtained from the patients prior to enrolment.
The inclusion criteria for enrolment in the present
study were patients with chronic hepatitis C who were
treated with IFN or DAAs for HCC clinical stage I to III,
aged >18 years, and confirmed to be completely cured.
Treatment was administered in accordance with the Japan
Society of Hepatology guidelines (10) by methods covered
by regular health insurance, and results were evaluated
in terms of virological response. Chronic hepatitis C was
diagnosed based on serum HCV RNA positivity, and HCC
was diagnosed by dynamic computed tomography (CT) and
ethoxybenzyl magnetic resonance imaging (EOB‑MRI).
Complete cure was evaluated by resolution of the tumor on
dynamic CT and EOB‑MRI. The exclusion criteria were
patients who were positive for serum hepatitis B; those
with other liver injury causes, such as alcohol, autoimmune
hepatitis and primary biliary hepatitis; and those who
received a liver transplantation.
Following HCC treatment, the patients in the DAA group
were treated with one of the following regimens: daclatasvir/
asunaprevir; sofosbuvir/ledipasvir; ombitasvir/paritaprevir/
ritonavir; elbasvir/grazoprevir; glecaprevir/pibrentasvir; or
sofosbuvir/ribavirin. Patients in the IFN group were treated with
an IFN‑based regimen. The DAA group included 257 patients
and the IFN group included 47 patients. The study period was
from April 1, 2017 to January 31, 2020 with data collected data
from patient records. The period (means ± SD) from treatment
for HCC to DAA or IFN was 364±25 days or 369±372 days,
respectively.
Information was obtained from each hospital using the
same electrical format. The data collected included the
date when HCC recurrence was confirmed; the date when
the treatment was started; clinical laboratory data (before
and after treatment); tumor marker levels [α‑fetoprotein
(AFP)/AFP L3/protein induced by vitamin K absence or
antagonist‑II (PIVKAII)]; hepatic fibrosis markers, such as
type IV collagen 7S and Child‑Pugh score; hepatic fibrosis
scoring systems, such as fibrosis‑4 (FIB‑4), the Forns
index (11) and aspartate aminotransferase (AST) to platelet
ratio index (APRI); the number of previous HCC treatments;
and the number of HCC tumors at the time of previous treat‑
ments.
Follow‑up. At follow‑up to identify HCC recurrence, blood
tests, including tumor marker tests (AFP/ PIVKAII), were
performed at the start of administration and every at 24 weeks
after the end of administration. In addition to blood tests, HCC
was also examined basically every 24 weeks by abdominal
ultrasonography, and confirmative diagnosis was performed
by MRI and/or CT.
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Table I. Baseline characteristics of the patients.
Characteristic
Age (years)
Sex (male/female)
BMI (kg/m2)
Platelets (x104/µl)
Alb (g/dl)
AST (IU/l)
ATL (IU/l)
LDL‑C (mg/dl)
TG (mg/dl)
BS (mg/dl)
Type IV collagen 7S (ng/ml)
M2BPGi (COI)
Ferritin (ng/ml)
AFP (ng/ml)
PIVKAII (mAU/ml)
FIB4 index
Child‑Pugh score
HCVRNA (LogIU/ml)
Forns index
Number of previous HCC treatments

IFN (n=47)

DAA (n=257)

P‑value

71.5±9.0
34/13
23.4±3.2
13.5 (5.0)
3.88±0.46
45 (46)
49 (54)
85.2±30.1
114.6±60.1
112.0±26.5
5.4±3.1
7.92±4.75
93.0 (208.3)
7.1 (12.3)
16.0 (8.8)
3.85±1.94
5p; 27/≥6p; 12
5.79±1.2
8.1±1.5
1.23±1.18

75.2±7.4
146/111
22.8±3.2
11.0 (6.6)
3.71±0.55
50 (35)
39 (34)
76.4±35.6
94.6±51.4
112.8±41.2
5.0±4.6
4.6±5.1
25.2 (94.0)
9.1 (15.3)
18.0 (13.0)
6.09±3.47
5p; 103/6p; 88
5.80±0.8
9.1±1.7
2.29±1.86

0.003
0.060
0.235
<0.001
0.070
0.748
0.020
0.224
0.040
0.919
0.605
0.120
0.199
0.169
0.040
<0.001
<0.001
0.872
<0.001
<0.001

BMI, body mass index; Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; low‑density lipoprotein cholesterol;
TG, triglyceride; BS, blood sugar; M2BPGi, Mac‑2 binding protein glycosylation isomer; AFP, α‑fetoprotein; PIVKAII, protein induced by
vitamin K absence or antagonist‑II; FIB‑4, fibrosis‑4; HCVRNA, hepatitis C virus RNA; HCC, hepatocellular carcinoma.

Statistical analysis. Differences in background characteristics
between the DAA and IFN groups were compared using the
t‑test for continuous variables or Mann‑Whitney U test for
platelets, AST, alanine aminotransferase (ALT), ferritin, AFP
and PIVKAII, and the χ2 test for categorical variables such as
sex and Child‑Pugh score. Data are presented as the mean ±
SD or as medians (interquartile range). P<0.05 was considered
to indicate a statistically significant difference.
Event analysis was conducted using the Kaplan‑Meier
method with HCC recurrence in the DAA and IFN groups as
the outcome, and using the log‑rank method to test for signifi‑
cance. The period was determined from the start of the viral
treatment to the identification of HCC recurrence.
Since there were significant differences between the DAA
and IFN groups in terms of the clinically important background
factors [age, sex, weight, number of previous HCC treatments,
baseline (before treatment) hemoglobin (Hb), baseline platelet
count, baseline ALT, FIB‑4 index, pre‑treatment Forns index,
and Child‑Pugh score], Cox's proportional hazard model was
first used to adjust for these as covariates.
Factors associated with HCC recurrence in the DAA group
were then investigated. The associations with clinical labora‑
tory data, tumor markers (AFP/AFP L3/PIVKAII), hepatic
fibrosis markers, Child‑Pugh score, FIB‑4, Forns index, APRI
and other fatty liver indicators, and hepatic fibrosis scoring
systems were investigated by univariate analysis using Cox's
model. The variables identified as significant in this univariate
analysis were also clinically important factors, and as a result,

multivariate analysis was performed with these factors entered
in the Cox model.
To further control confounding factors, propensity scores
were calculated for age, body mass index (BMI), baseline
platelet count, albumin, AST, HbA1c, APRI, FIB‑4, the number
of previous HCC treatments, Forns index and Child‑Pugh
score, which differed significantly between the DAA and
IFN groups. The concordance statistic (c statistic) was 0.672
[95% confidence interval (CI), 0.599‑0.745]. Matching was
then conducted using propensity scores. Kaplan‑Meier analysis
of the cumulative HCC recurrence rates in the DAA and IFN
groups was conducted among the cases following matching.
All statistical analyses were performed using IBM SPSS®
Statistics ver. 25.0 (IBM Inc.).
Results
Characteristics of the two groups. A total of 304 patients
in the 13 hospitals listed above were enrolled. The analysis
population consisted of the DAA group, which included
257 patients, of whom 90 were treated with dacla‑
tasvir/asunaprevir, 89 with sofosbuvir/ledipasvir, 20 with
ombitasvir/paritaprevir/ritonavir, 13 with elbasvir/grazoprevir,
10 with glecaprevir/pibrentasvir and 35 with sofosbuvir/riba‑
virin, and the IFN group, which included 47 patients treated
with IFN‑based regimens. The background characteristics of
the patients in the two groups are presented in Table I. There
were significant differences between patients with regards to
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Table II. Univariate analysis of factors associated with HCC recurrence in the DAA group.
Variable
BMI
Diabetes
Dyslipidemia
Number of previous HCC treatments
Platelet count
Alb
ALT
LDL‑C
TG
Ferritin
Type IV collagen 7S
M2BPGi
AFP
PIVKAII
Forns index
APRI
FIB4
Child‑Pugh score

Hazard ratio
1.01
1.12
1.17
1.33
0.97
0.66
0.99
1.00
1.00
1.00
1.07
1.00
1.00
1.01
1.16
0.93
1.01
1.35

95% CI		
0.95
0.70
0.98
1.21
0.93
0.46
0.99
0.99
1.00
1.00
0.98
0.95
1.00
1.01
1.02
0.78
0.95
1.12

1.07
1.79
1.23
1.46
1.01
0.94
1.00
1.01
1.00
1.00
1.15
1.05
1.01
1.02
1.33
1.11
1.08
1.62

P‑value
0.808
0.635
0.079
<0.001
0.98
0.022
0.068
0.922
0.841
0.875
0.117
0.912
0.050
<0.001
0.030
0.427
0.653
0.001

BMI, body mass index; Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; low‑density lipoprotein cholesterol;
TG, triglyceride; BS, blood sugar; M2BPGi, Mac‑2 binding protein glycosylation isomer; AFP, α‑fetoprotein; PIVKAII, protein induced by
vitamin K absence or antagonist‑II; FIB‑4, fibrosis‑4; HCVRNA, hepatitis C virus RNA; HCC, hepatocellular carcinoma.

Figure 1. Cumulative HCC recurrence rate following DAA/IFN treatment. Red and blue lines represent DAA‑ and IFN‑based treatment, respectively.
(A) Kaplan‑Meier analysis and log‑rank test of the cumulative HCC recurrence rates in the DAA and IFN groups (DAA = 257, IFN = 47). (B) Cox’s propor‑
tional hazard model was used to adjust for confounding factors: Age, sex, baseline platelet counts, ALT, TG, AFP, PIVKAII, FIB‑4, Forns index, Child‑Pugh
score and number of previous HCC treatments (DAA = 134, IFN = 23). HCC, hepatocellular carcinoma; DAA, direct‑acting antiviral; IFN, interferon; ALT,
alanine aminotransferase; TG, triglyceride; AFP, α‑fetoprotein; PIVKAII, protein induced by vitamin K absence or antagonist‑II; FIB‑4, fibrosis‑4.

age, platelets, ALT, triglycerides, AFP, PIVKAII, Child‑Pugh
score, FIB‑4 index, Forns index and the number of HCC treat‑
ments.
Cumulative HCC recurrence rates between groups. The cumu‑
lative HCC recurrence rates in the DAA and IFN groups were
analyzed by Kaplan‑Meier analysis and the log‑rank test. The
results demonstrated that the rates were equivalent (Fig. 1A);
Cox's proportional hazard model was then used to adjust for

confounding background factors that differed significantly
between the two groups; however, no significant differences
were identified following adjustment (Fig. 1B).
The patients in the DAA group were then categorized into
patients with or without HCC recurrence, and Cox's regres‑
sion and univariate analyses of the clinical laboratory data
following DAA therapy were performed. The results identi‑
fied significant differences in the number of previous HCC
treatments, Alb, AFP and PIVKAII (Table II). In addition,
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Table III. Multivariate analysis of patients with and without HCC recurrence in the DAA group.
Variable

Hazard ratio

95% CI		

P‑value

Age
0.97
0.93
1.01
0.145
Sex
1.31
0.74
2.32
0.351
Platelet count
1.07
0.98
1.17
0.129
Alb
0.77
0.42
1.42
0.403
AFP
1.00
1.00
1.01
0.134
PIVKA2
1.02
1.01
1.03
<0.001
Forns index				
1
1
Reference value		
2
4.58
1.40
14.98
0.012
3
5.27
1.52
18.29
0.009
4
9.12
2.51
33.07
0.001
		
P‑value for trend = 0.009		
Child‑Pugh score				
4
1
Reference value		
5
1.75
0.58
5.28
0.323
6
2.04
0.64
6.52
0.229
≥7
2.37
0.70
8.06
0.166
		
P‑value for trend = 0.581		
Number of previous HCC treatments				
1
1
Reference value		
2
0.96
0.41
2.26
0.927
3
2.91
1.24
6.81
0.014
≥4
3.60
1.71
7.57
0.001
		
P‑value for trend <0.001		

univariate analysis of hepatic fibrosis markers and scoring
systems, such as the Child‑Pugh score and Forns index also
demonstrated significant differences (Table II).
Multivariate analysis, using the variables identified as
significant on univariate analysis, revealed that PIVKA2, the
number of previous HCC treatments (≥3) and the Forns index
were significant independent variables (Table III).
As a result of propensity score matching, 29 patients in
each group were matched, and the background characteristics
are presented in Table SI. The cumulative HCC recurrence
rates for these 29 patients in the DAA and IFN groups were
analyzed by the Kaplan‑Meier method and the log‑rank test;
the results demonstrated no significant differences (Fig. 2),
confirming that the HCC recurrence rate was equivalent in
both groups.
Figure 2. Cumulative recurrence rate by Kaplan‑Meier analysis following
propensity score matching. The cumulative HCC recurrence rate in the DAA
and IFN groups was evaluated using Kaplan‑Meier analysis and the log‑rank
test following propensity score matching by age, sex, weight, number of
previous HCC treatments, baseline Hb, baseline platelet count, baseline
ALT, baseline AFP, FIB‑4, baseline Forns index and Child‑Pugh score
(DAA = 29, IFN = 29). Red and blue lines represent DAA‑ and IFN‑ based
treatment, respectively. HCC, hepatocellular carcinoma; DAA, direct‑acting
antiviral; IFN, interferon; ALT, alanine aminotransferase; TG, triglyceride;
AFP, α‑fetoprotein; PIVKAII, protein induced by vitamin K absence or
antagonist‑II; FIB‑4, fibrosis‑4.

Discussion
Compared to IFN‑based regimens, DAAs have fewer
side‑effects and provide a very high SVR achievement rate.
However, DAA therapy without the use of IFN has a short
history, and given the lack of sufficient time for post‑treatment
follow‑up (2), its long‑term efficacy in suppressing the recur‑
rence of HCC remains unknown.
In the present study, the cumulative HCC recurrence rates in
the DAA and IFN groups did not differ significantly, although
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the baseline potential status for HCC recurrence, such as
fibrosis (i.e., the Fib‑4 index and Child‑Pugh score) and tumor
makers (i.e., PIVKA2), were more progressive in patients who
received DAAs than those who received IFN‑based treatment.
Regardless of this background bias, there was no significant
difference in the HCC recurrence rate between the two groups.
Furthermore, even following Cox's proportional model and
propensity score matching to adjust for background factors,
including those affecting HCC recurrence (despite them being
in small numbers), there was no significant difference in the
cumulative HCC recurrence rates between the DAA and IFN
groups. These results confirm that the two treatment regimens
had equivalent HCC recurrence.
A previous multicenter study of the HCC recurrence
rates in patients treated with DAAs or an IFN‑based regimen
following treatment for HCC in hospitals belonging to the
Japan Red Cross Hospitals group also found no significant
difference in the HCC recurrence rate in patients who achieved
SVR (8). Furthermore, other Japanese research groups have
also performed studies involving patients extracted by propen‑
sity score matching, and, similar to the present results, they
reported that there was no significant difference in the HCC
recurrence rate between patients treated with DAAs and those
treated with an IFN‑based regimen (9,12).
IFN exerts both antiviral and antitumor effects; however,
DAAs are HCV‑specific antiviral agents that rapidly elimi‑
nate the virus, and the autoimmune response in the liver,
including tumor immunity, is believed to decrease rapidly
as a result. Furthermore, viral eradication by DAAs is
cumulative HCC recurrence rates to result in a decrease
in endogenous IFN and a consequent decline in tumor
immunity, which has been considered to have the potential
to encourage HCC recurrence. The high rate of HCC recur‑
rence within a short period of time from the commencement
of DAA therapy may be due to the presence of minute
tumors at the commencement of DAA treatment. Very small
tumors that are undetectable on diagnostic imaging may
grow suddenly due to the rapid attenuation of the immune
response after DAA therapy.
The rapid elimination of HCV is associated with a loss
of intrahepatic activation of natural killer cell and immune
system induced by IFN. It has been suggested that the elimina‑
tion of HCV disrupts the host's innate immune response and
probably promotes tumor cell growth (13).
Therefore, the most appropriate modality to use for assess‑
ment following HCC treatment remains unknown, since very
small tumors may go undetected if only ultrasound is used.
Ideally, EOB‑MRI should be used for the assessment following
HCC treatment, whenever possible. In addition, it is impor‑
tant to carry out this evaluation following HCC treatment
at a time when the effect of very small tumors is no longer
evident. A previous study found that the recurrence rate was
higher among patients who began DAA treatment soon after
HCC treatment (14), while another study demonstrated that
the rate of recurrence was 3.8‑fold higher if DAA treatment
commenced within 1 year of HCC treatment (15).
Although viral eradication by DAAs reduces the risk of
HCC development, it does not eliminate it completely. Patients
with severe fibrosis are at a high risk, and even if SVR is
achieved following DAA therapy, genomic alterations induced

by HCV infection have a significant effect on HCC develop‑
ment (16). These findings indicate that careful screening by
EOB‑MRI should be performed following HCC treatment
in patients with advanced fibrosis, such as hepatic cirrhosis,
before starting DAA therapy. Conti et al (5) reported that 17 of
59 patients (28.8%) who began DAA treatment following HCC
treatment developed recurrence, and multivariate analysis
revealed that this was significantly associated with young age
and hepatic fibrosis.
The authors have found the number of HCC treatments as
a risk factor of recurrence in the DAA treatment group. That
study included HCC cases in clinical stages I to III, which
mainly depend on the number or size of the tumor. The results
indicated no significant association of recurrence risk with
tumor number or size (unpublished data). It was suggested that
the number of HCC treatment sessions rather than the clinical
stage was a more important risk factor for recurrence.
Studies have found that fat deposition in the liver does not
improve in patients once the hepatitis virus has been eradi‑
cated, with one even reporting that although hepatic fibrosis
improved following SVR, fat deposition in the liver actually
worsened (17); however, further studies of its pathophysiology
and prognosis are required to determine the underlying
mechanisms. Furthermore, a Japanese study reported that the
controlled attenuation parameter rose, and fat deposition in
the liver increased, following DAA therapy in elderly patients
with a median age of 71 years (18).
In the present study, the significantly higher Forns index in
those with HCC recurrence than in those without HCC recur‑
rence among patients in the DAA group suggested the Forns
index as a possible predictive marker for recurrence. The
other liver fibrosis markers are the FIB‑4 index and the APRI,
which are based on the following respective formulae (19,20):
FIB‑4 index = AST (IU/l) x age (years)/platelet count (109/l)
xALT (IU/l) 1/2; APRI = [AST (IU/l)/upper limit of normal
AST (IU/l)] x100/platelet count (109/l). On the other hand,
the formula for the Forns index is as follows (11): Forns
index = 7.811‑3.131(lnplatelet count) + 0.781.lnGGT + 3.467.
lnage ‑ 0.014.cholesterol.
The FIB‑4 and APRI are calculated based on only platelet
and liver function, whereas the Forns index includes total
cholesterol level. According to this formula, serum choles‑
terol is negatively associated with liver fibrosis. Regarding
this point, Forns mentioned reduction in cholesterol synthesis
secondary to advanced liver dysfunction and alterations in
lipid profile secondary to different cytokine profiles induced
by viral infections. Moreover, lipid metabolism has been
suggested to be associated with cancer risk. A meta‑analysis
of 24 large randomized controlled trials on lipid‑modifying
therapy (21) concluded that the risk of incident cancer had
a significant inverse association with HDL‑C, independent
of low‑density lipoprotein cholesterol (LDL‑C), age, BMI,
diabetes, sex and smoking. That study found an inverse asso‑
ciation between serum high‑density lipoprotein cholesterol
(HDL‑C) and cancer risk in the general population. Recently,
however, Carr et al (22) reported an association between
serum lipid parameters and the indices of HCC growth, inva‑
sion, aggressiveness and survival; surprisingly, HDL‑C was
positively associated with a poor prognosis of HCC, whereas
LDL was not included in their parameters. In that study, the
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authors mentioned that lipid profile could be associated with
tumor lipid droplets, mitochondria, and membranes. The
dataset in this study revealed that the hazard ratio (HR) of
total cholesterol was 0.995 (95% CI, 0.99‑0.999, P=0.02),
whereas the HR values of LDL‑C and HDL‑C were not
significant (unpublished data). The cholesterol level in the
Forns index comprises a combination of LDL‑C and HDL‑C.
However, whether HDL‑C is a risk marker or causative factor
remains a topic of discussion. Therefore, further studies are
required to determine the importance of HDL‑C, LDL‑C,
and total cholesterol levels as predictive markers for HCC
recurrence.
In conclusion, the present study demonstrated that the HCC
recurrence rate following curative treatment for HCC was
equivalent in patients treated with DAAs and those treated with
an IFN‑based regimen. The present study supports previous
results (7‑9) showing that DAA treatment did not accelerate
HCC recurrence. In addition, multivariate analysis of factors
affecting HCC recurrence in the DAA group identified the
number of previous HCC treatments (≥3) and the Forns index
as significant independent risk factors.
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