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but also on the degree of liver dysfunction (de Lope et al.
2012; Izumi et al. 1994).

The Child-Pugh (C-P) classification, also known as the
Child-Turcotte-Pugh score, is commonly used to evalu-
ate liver function in the context of chronic liver disease,
mainly cirrhosis (Pugh et al. 1973). The C-P score is
based on 5 factors, which are each assigned 1-3 points:
serum bilirubin and serum albumin levels, prothrombin
time, ascites, and encephalopathy. The total number of
points can range from 5 to 15. In multivariate analysis,
the C-P class is associated with mortality in liver cirrhosis
patients (Merkel et al. 2000; Ferndndez-Esparrach et al.
2001).

The percentage of patients who had C-P class A liver
function at the initial diagnosis of HCC is increasing in
Japan (Toyoda et al. 2011) because of the development of
surveillance systems for HCC. In addition, the increase in
the average age of HCC patients results in the increase of
HCC patients with C-P class A; HCC is likely to develop
without the progressed liver disease in elderly patients
(Umemura et al. 2009; Kumada et al. 2013a).

Furthermore, the treatment for viral hepatitis has been
undergoing rapid change. All-oral drug combination ther-
apy will be replaced by peginterferon and ribavirin in the
near future in patients with chronic hepatitis C, which
will achieve the eradication of HCV sustained virological
response (SVR) (Lok et al. 2012; Afdhal et al. 2014a, b;
Jacobson et al. 2013).

On the other hand, peginterferon and nucleos(t)ide ana-
logue therapy has been reported to improve liver function
among HBV-related chronic hepatitis and cirrhosis patients
(Buster et al. 2007; Kumada et al. 2013b; Schiff et al. 2008;
Shim et al. 2010).

With these progresses in treatments and managements of
viral hepatitis, the number of HCC patients with C-P class
A will be expected to increase.

Given the expected increase in the number of patients
with C-P class A liver function at the diagnosis of HCC,
it will be necessary to further discriminate the prognosis
of HCC patients with C-P class A from the aspect of liver
function. In the present study, we attempted to incorporate
the liver fibrosis factors for the evaluation of the prognosis
of HCC patients with C-P class A.

Several noninvasive biomarkers of liver fibrosis that
may replace liver biopsy in the diagnosis of fibrosis
have been reported (Leroy et al. 2007; Wai et al. 2003;
Sebastiani et al. 2006). The FIB-4 index is a noninvasive
liver fibrosis evaluation method calculated by using age,
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and platelet count is one noninvasive
liver fibrosis evaluation method. Vallet-Pichard et al.
(2007) reported that the FIB-4 index is concordant with
FibroTest results.
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The aim of this study was to assess the utility of the
FIB-4 index in assessing the prognosis of HCC patients
with C-P class A.

Methods
Patients and HCC follow-up protocol

Between 1992 and 2012, a total of consecutive 1,340
patients were diagnosed with HCC at the Department of
Gastroenterology of Ogaki Municipal Hospital, Japan.
Patients with C-P class B (n = 334) and C (n = 91) were
excluded from this analysis. Therefore, we investigated 915
HCC patients with C-P class A disease in the present study.

HCC was diagnosed on the basis of histological exami-
nation of tumor tissue in 423 patients (46.2 %) including
401 patients who underwent hepatectomy and 22 patients
who underwent percutaneous liver biopsy. In the remaining
492 patients, the diagnosis was confirmed by typical radio-
logical findings according to the guidelines of the European
Association for the Study of the Liver (EASL) guidelines
(2012).

All laboratory data were measured at the time of
HCC diagnosis, including tumor markers for HCC [i.e.,
a-fetoprotein (AFP), Lens culinaris agglutinin-reactive
a-fetoprotein  (AFP-L3), des-y-carboxy prothrombin
(DCP)].

All patients received regular follow-up examinations
at three-month intervals at our institution, which con-
sisted of imaging studies, either ultrasonography (US),
contrast-enhanced computed tomography (CT), or mag-
netic resonance imaging (MRI), and measurement of
HCC tumor markers. We selected the treatment strate-
gies for HCC according to the clinical practice guide-
lines of the Japan Society of Hepatology (2009). The
study protocol was approved by the institutional review
board and was conducted in compliance with the Hel-
sinki Declaration.

Calculation of the FIB-4 index

The FIB-4 index was calculated at the time of HCC diag-
nosis using the following formula: FIB-4 index = AST
[IU/L] x age [years]/platelet count [10%L] x ALT
[TU/L]"2. The optimal FIB-4 index cutoff point was deter-
mined using a Cox proportional hazards model and the
distribution of patients. Patients were grouped according
to their FIB-4 index score as follows: <2.0 (n = 93), >2.0
and <4.0 (n = 311), and >4.0 (n = 511). Patients with a
C-P score 5 and 6 were grouped according to their FIB-4
index score as follows: <2.0 (n = 79 and 14, respectively),
>2.0 and <4.0 (n = 245 and 66, respectively), and >4.0
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(n = 282 and 229, respectively). Patients who underwent
hepatectomy/locoregional ablative therapy [LAT, which
included radiofrequency ablation (RFA) and ethanol injec-
tion] were grouped according to their FIB-4 index score as
follows: <2.0 (n = 70), =2.0 and <4.0 (n = 222), and >4.0
(n = 357).

Statistical analysis

The SPSS software package, version 15.0 (SPSS Inc, Chi-
cago, IL, USA) was used for statistical analysis. Continu-
ous variables are expressed as medians (first quartile—third
quartile points). An actuarial analysis of the cumulative
survival and recurrence rates was performed using the
Kaplan—Meier method, and differences across groups were
compared using the log-rank test. Cox proportional haz-
ards modeling with forward selection was used to estimate
the hazard ratios (HRs) for the survival rate associated
with the following parameters: etiology (viral or non-viral
hepatitis), C-P score (5 or 6 points), AFP (<20 or >20 ng/
mL), AFP-L3 (<10 or >10 %), DCP (<40 or >40 mAU/
mL), FIB-4 index (<2.0, >2.0 and <4.0, or >4.0), tumor
size (<3 or =3 cm), number of tumors (single or multiple),
vascular invasion (absent or present), and hepatectomy
as initial treatment for HCC. We used the lower or upper
limit of the reference values at our institute as cutoff val-
ues for laboratory data. Statistical significance was defined
as p < 0.05.

Results
Patient characteristics

The characteristics of the study patients are shown in
Table 1. The median age was 69 years, and there was a
predominance of men (73.3 %). The majority of patients
were infected with HCV (69.9 %). HBV infection was
observed in 15.6 % of patients. Alcohol abuse was
defined as >60 g/day intake. One hundred and fifteen
patients with HCV infection underwent interferon (IFN)-
based antiviral therapy. Of these, 30 patients (21.6 %)
achieved sustained virological response (SVR). SVR was
defined by the absence of serum HCV RNA 24 weeks
after the end of the treatment. Of 153 patients with HBV
infection, 89 (58.2 %) received nucleos(t)ide analogue
therapy.

There were 606 (66.2 %) patients with C-P score of 5
and 309 (33.8 %) with C-P score of 6. The median of FIB-4
of whole patients’ index was 4.4. It was 3.7 in patients with
C-P score 5, and 6.3 in those with C-P score 6, respec-
tively. The median follow-up period was 3.0 years. Of the
915 patients, 401 underwent hepatectomy, 248 were treated

with LAT, and 170 were initially treated with transcatheter
arterial chemoembolization (TACE),

Overall survival rate of entire patients based on Child-Pugh
score

The overall survival rates of entire patients at 5 and 10 years
were 52.7 % [95 % confidence interval (CI) 48.8-56.2]
and 29.7 % (95 % CI 25.7-34.1), respectively (Fig. 1).
The overall survival rate for patients with C-P score 5 was
60.5 % (95 % CI 55.7-64.5) at 5 years and 33.9 % (95 %
CI 28.9-39.3) at 10 years, compared to 36.3 % (95 % CI
30.1-42.9) at S years and 20.8 % (95 % CI 14.4-29.0) at
10 years in patients with C-P score 6. The group with C-P
score 5 had a significantly better prognosis than the group
with C-P score 6 (p < 0.001) (Fig. 2).

Table 1 Clinical background of the study patients (n = 915)

Age (years) 69 (62-75)

Sex (female/male) 244 (26.7 %)/671 (73.3 %)

Etiology (HBV/HCV/HBV + 143 (15.6 %)/640
HCV/non-HBV and non-HCV) (69.9 %)/10 (1.1 %)/122

(13.3 %)

Alcohol abuse (negative/positive) 666 (72.8 %)/249 (27.2 %)

Ascites (absent/present) 902 (98.6 %)/13 (1.4 %)

Encephalopathy (absent/present) 909 (99.3 %)/6 (0.7 %)

AST (IU/mL) 53 (36-79)

ALT (JU/mL) 45 (28-73)

Platelet count (x 10%m®) 12.6 (9.0-17.4)

Prothrombin time (%) 90 (88-99)

Total bilirubin (mg/dL) 0.7 (0.5-1.0)

Albumin (g/dL) 3.8 (3.54.1)

Child-Pugh score (5/6) 606 (66.2 %)/309 (33.8 %)

AFP (ng/mL) 19 (6-144)

AFP-L3 (%) 0.5 (0~-11.6)

DCP (mAU/mL) 49 (20-389)

FIB-4 index 4.4 (2.8-6.8)

Tumor size (cm) 2.5(1.7-4.3)

Tumor number (single/multiple) 570 (62.3 %)/345 (37.7 %)

Vascular invasion (absent/present) 801 (87.5 %)/114 (12.5 %)
Initial treatment

No treatment/hepatectomy/LAT 48 (5.2 %)/401(43.8 %)/

248 (27.1 %)
170 (18.6 %)/48 (5.2 %)
3.0 (1.3-5.7)

TACE/other®
Observation period (years)

Values are expressed as medians (first quartile, third quartile points)

HBYV hepatitis B virus, HCV hepatitis C virus, AST aspartate ami-
notransferase, ALT alanine aminotransferase, AFP a-fetoprotein,
AFP-L3 Lens culinaris agglutinin-reactive a-fetoprotein, DCP des-y-
carboxy prothrombin, LAT locoregional ablative therapy, TACE tran-
scatheter arterial chemoembolization

* Includes repeated arterial infusion chemotherapy, systemic chemo-
therapy, and radiation therapy
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Fig. 1 Overall survival rates of entire patients at 5 and 10 years were
52.7 and 29.7 %, respectively
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Fig. 2 Prognosis of the Child-Pugh score 5 group was significantly
better compared to the Child-Pugh score 6 group

Overall survival rate of entire patient based on the FIB-4
index

When patients were categorized according to the FIB-4
index as <2.0 (n = 93), >2.0 and <4.0 (n = 311), and >4.0
(n = 511), the survival rates at were 70.5 % (95 % CI 59.0-
79.9), 56.4 % (95 % CI 50.1-62.5), and 47.1 % (95 % CI
42.2-52.1) at 5 years, respectively, and 55.3 % (95 % CI
42.2-67.7), 32.2 % (95 % CI 25.5-39.6), and 23.7 % (95 %
CI 18.6-29.7) at 10 years, respectively (Fig. 3). The FIB-4
index <2.0 group had a significantly better prognosis than
the FIB-4 index >2.0 and <4.0 group (p = 0.028). The
FIB-4 index >2.0 and <4.0 group had a significantly better
prognosis than the FIB-4 index >4.0 group (p = 0.010).
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Fig. 3 Overall survival rate based on the FIB-4 index. The FIB-4
index of patients with Child-Pugh class A predicts outcomes with
good discriminative ability

Overall survival and recurrence rate of patients who
underwent hepatectomy/LAT based on the FIB-4 index

When focusing on HCC patients who underwent hepatec-
tomy/LAT, FIB-4 index was <2.0 in 70 patients (10.8 %),
>2.0 and <4.0 in 222 patients (34.2 %), and >4.0 in 357
patients (55.0 %). Figure 4a shows the overall survival
rates of these three groups. The survival rates of the FIB-4
index <2.0, >2.0 and <4.0, and >4.0 groups were 80.0 %
(95 % CI 67.1-88.7), 68.9 % (95 % CI 61.7-75.2), and
59.1 % (95 % CI 53.2-64.7) at 5 years, respectively, and
65.2 % (95 % CI 49.4-78.1), 40.9 % (95 % CI 32.6-49.9),
and 28.6 % (95 % CI 22.1-36.1) at 10 years, respectively.
The FIB-4 index <2.0 group had a significantly bet-
ter prognosis than the FIB-4 index >2.0 and <4.0 group
(p = 0.047). The FIB-4 index >2.0 and <4.0 group had
a significantly better prognosis than the FIB-4 index >4.0
group (p = 0.005).

Figure 4b shows overall intrahepatic recurrence rates
following the initial treatment in these three groups. The
recurrence rates of patients with FIB-4 index <2.0, >2.0
and <4.0, and >4.0 were 54.3 % (95 % CI 52.4-79.5),
63.6 % (95 % CI 56.1-70.5) and 79.6 % (95 % CI 74.5-
89.0), respectively, at 5 years and 67.4 % (95 % CI 52.4—
79.5), 79.0 % (95 % CI 70.6-85.5) and 89.7 % (95 % CI
84.2-93.4), respectively, at 10 years. The FIB-4 index
>4.0 group had a significantly higher recurrence rate than
the other groups (FIB-4 index >4.0 vs >2.0 and <4.0,
p <0.001; >4.0 vs <2.0, p = 0.001). There were no signifi-
cant differences in recurrence rate between the FIB-4 index
<2.0 and >2.0 and <4.0 groups (p = 0.465).
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Fig. 4 Overall survival (a) and recurrence rate (b) based on the
FIB-4 index in patients who underwent hepatectomy/LAT. The FIB-4
index <2.0 group had a significantly better prognosis than the other
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Fig. 5 Overall survival rates of patients with a Child-Pugh score of 5
(a) and 6 (b) based on the FIB-4 index. The FIB-4 index was useful
for assessing mortality among patients with a Child-Pugh score of 5,

Overall survival rate of patients with C-P score 5 or 6
based on the FIB-4 index

When focusing on HCC patients with C-P score 5, FIB-4
index was <2.0 in 79 patients (13.0 %), =2.0 and <4.0 in
245 patients (40.4 %), and >4.0 in 282 patients (46.5 %).
Figure 5a shows the overall survival rates of these three
groups. The survival rates of the FIB-4 index <2.0, >2.0
and <4.0, and >4.0 groups were 75.7 % (95 % CI 63.2—
84.9), 61.9 % (95 % CI 54.8-68.5), and 55.2 % (95 % CI
48.6-61.5) at 5 years, respectively, and 59.7 % (95 % CI
44.9-72.9), 34.7 % (95 % C127.1-43.2), and 27.3 % (95 %
CI 20.6-35.3) at 10 years, respectively. The survival rate
was highest in patients with FIB-4 index <2.0, followed
by those with FIB-4 index >2.0 and <4.0, and those with
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but there were no significant difference among patients with a Child-
Pugh score of 6

FIB-4 index >4.0, although the difference between patients
with FIB-4 index >2.0 and <4.0 and those with FIB-4
index >4.0 was not significant statistically (FIB-4 index
<2.0 vs >2.0 and <4.0, p = 0.028, FIB-4 index <2.0 vs >
4.0, p < 0.001, and FIB-4 index >2.0 and <4.0 vs >4.0,
p = 0.052).

When focusing on HCC patients with C-P score 6,
FIB-4 index was <2.0 in 14 patients (4.5 %), >2.0 and <4.0
in 66 patients (21.4 %), and >4.0 in 229 patients (74.1 %).
Figure 5b shows overall survival rate of these three groups.
The survival rate of patients with FIB-4 index <2.0, >2.0
and <4.0, and >4.0 were 43.1 % (95 % CI 19.0-71.0),
35.0 % (95 % CI 22.9-49.4) and 36.0 % (95 % CI 28.8—
43.8), respectively, at 5 years and 32.3 % (95 % CI 11.6—
63.5), 24.1 % (95 % CI 12.7-40.8) and 18.4 % (95 % CI
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Table 2 Factors associated with patient survival (univariate analysis)

Table 2 continued

Factor Hazard ratio 95 % CI p value Factor Hazard ratio 95 % CI p value
Age (years) Tumor number
<65 1 Single 1
>65 1.335 1.095-1.628 0.004 Muitiple 2.350 1.953-2.824 <0.001
Sex Vascular invasion
Female 1 Absent 1
Male 1.156 0.605-1.422 0.172 Present 4.989 3.883-6.410 <0.001
AST (IU/mL) Antiviral therapy
<40 1 - 1
>40 1518 1.235-1.860 0.001 + 0.501 0.393-0.639 <0.001
ALT (IU/mL) Initial treatment
<35 1 Hepatectomy
>35 1.158 0.954-1.407 0.139 - 1
Platelet count (x 10%m®) + 0.438 0.368-0.531 <0.001
>15 1 LAT
<15 1.026 0.804-1.181 0.792 - 1
=12 1 CI confidence interval, AST aspartate aminotransferase, ALT alanine
>1.2 1.195 0.888-1.608 0.239 aminotransferase, AFP a-fetoprotein, AFP-L3 Lens culinaris agglu-
Albumin (g/dL) tinin—re'flctive ot—fe:toprotein, DCP des-y-carboxy prothrombin, LAT
535 1 locoregional ablative therapy
<3.5 1.912 1.549-2.360 <0.001
Prothrombin time (%)
<70 1 11.1-28.9), respectively, at 10 years. There were no signifi-
<70 1.086 0.519-1.634 0.921  cant differences in survival rates among these three groups
Etiology (viral hepatitis) (FIB-4 index <2.0 vs >2.0 and <4.0, p = 0.812; FIB-4
Present 1 index <2.0 vs >4.0, p = 0.743; FIB-4 index >2.0 and <4.0
Absent 1.356 1.041-1.761 0.024¢ V8 =40,p=0393).
Child-Pugh score
5 1 Factors associated with patient survival
6 1.845 1.528-2.227 <0.001
Alcohol abuse Factors significantly associated with overall survival in
Absent 1 the univariate analysis are listed in Table 2. The follow-
Present 1033 0.844-1.264 0756 ing associations were statistically significant: age, AST,
AFP (ng/mL) albumi.n, HCC etiolqu, C-P score, AFP, AFP-L3, ]?CP,
-0 ) EIB-4 mc?e)‘g tumor size, number of tumors, vascular 1I}Ya—
;20 1,449 2071739 0,001 sion, antiviral therapy, and h‘epa‘ltectomy/LAT.as inlt}al
AFPL3 (%) treatment. Ffactqrs that were S}gnlﬁcantly associated with
<10 ) overall survival in the multivariate analysis were C-P score
= 6 [HR 1.564 (95 % CI 1.257-1.946); p < 0.001], FIB-4
>10 1.904 1.349-2342 <0001 0 4ex >2.0 and <4.0 [HR 1.638 (95 % CI 1.084—2.474);
DCP (mAU/mL) p = 0.019] and FIB-4 index >4.0 [HR 1.828 (95 % CI
=40 ! 1.217-2.744); p = 0.004], AFP-L3 >10 % [HR 1.458
>40 1.614 1.339-1.945 <0001 (95 ¢ CI 1.163-1.829); p = 0.001], tumor size >3 cm
FIB-4 index [HR 1.718 (95 % CI 1.382-2.136); p < 0.001], number
<20 1 of tumors (multiple) [HR 1.464 (95 % CI 1.172-1.828);
22.0and <4.0 1.550 1.048-2.292 0.028 p = 0.001], vascular invasion (present) [HR 2.884 (95 %
240 2.001 3.761-2.917 <0001 T 2.102-3.957); p < 0.0011, antiviral therapy [HR 0.761
Tumor size (cm) (95 % CI 0.585-0.989); p = 0.041], and hepatectomy
<3 1 as initial treatment [HR 0.625 (95 % CI 0.497-0.786);
>3 2.220 1.849-2.665 <0.001
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p <0.001] (Table 3).
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Table 3 Factors associated with patient survival based on multivari-
able Cox proportional hazards modeling with forward selection

Factor Hazard ratio 95 % CI p value
Child-Pugh score

5 1

6 1.564 1.257-1.946 <0.001
FIB-4 index

<2.0 1

>2.0 and <4.0 1.638 1.084-2.474 0.019

>4.0 1.828 1.217-2.744 0.004
AFP-L3 (%)

<10 1

>10 1.458 1.163-1.829 0.001
Tumor size (cm)

<3 1

>3 1.718 1.382-2.136 <0.001
Tumor number

Single 1

Multiple 1.464 1.172-1.828 0.001
Vascular invasion

Absent 1

Present 2.884 2.102-3.957 <0.001
Antiviral therapy

- 1

+ 0.761 0.585-0.989 0.041
Initial treatment
Hepatectomy

- 1

+ 0.625 0.497-0.786 <0.001

CI confidence interval, AFP-L3 Lens culinaris agglutinin-reactive
a-fetoprotein

Discussion

C-P classification and tumor staging are both important fac-
tors for predicting mortality in HCC patients. Therefore, we
have to assess both tumor factors and residual liver function
when choosing the type of treatment for HCC. Recently,
proposed staging system for HCC combined tumor factors
and liver functional markers has been reported (the Cancer
of the Liver Italian Program (CLIP) investigators 199S;
Llovet et al. 1999; Kudo et al. 2004).

In patients with HCC who have C-P class A liver func-
tion at diagnosis, in the present study, there were significant
differences in the survival rates between C-P score 5 and 6
groups. However, we are not able to further stratify HCC
patients with C-P score 5 in terms of liver function, because
the minimum score of C-P is 5 points.

It has been reported that the FIB-4 index is well corre-
lated with liver fibrosis (Sterling et al. 2006; Vallet-Pich-
ard et al. 2007; Shah et al. 2009). Although liver fibrosis

is reportedly intertwined with hepatocarcinogenesis and the
prognosis of chronic hepatitis C (Tamaki et al. 2013; Vergn-
iol et al. 2014), there have been few reports on whether the
FIB-4 index is associated with mortality in HCC patients.
In this study, we investigated the impact of the FIB-4 index
on prognosis of HCC with C-P class A.

‘When patients were categorized as <2.0, >2.0 and <4.0,
and =4.0 by FIB-4 index, patients with FIB-4 index <2.0
had a highest survival rate, followed by those with FIB-4
index >2.0 and <4.0, and those with FIB-4 index >4.0. In
addition, the FIB-4 index was also useful for predicting
prognosis in patients who underwent curative treatment
(hepatectomy/LAT), and the recurrence rate of FIB-4 index
>4.0 group was higher than that of the other groups in this
analysis. These results indicate that the calculation of the
FIB-4 index at the start of follow-up is useful for predicting
the outcome of HCC patients with C-P class A.

Whereas we found a significant difference in survival
rates based on the FIB-4 index in patients with C-P score
S, we did not find a difference in survival rates in patients
with C-P score 6. The C-P scoring system is considered
to reflect remnant liver function. In contrast, the FIB-4
index is a marker of liver fibrosis. Although liver fibrosis
is partly linked to remnant liver function, these are not
completely coincident. Patients with C-P class A can have
various degrees of liver fibrosis. Therefore, we were able
to further stratify the prognosis of HCC patients with C-P
score 5 using the FIB-4 index, a quantitative marker of liver
fibrosis.

Both the FIB-4 index and C-P score were identified
as independent risk factors for predicting the outcome of
HCC along with tumor factors such as tumor size, num-
ber, and tumor marker levels, and initial treatment in the
multivariate analysis. In addition, the hazard ratio of the
FIB-4 index was higher than the HR for the C-P score.
Therefore, FIB-4 index has a strong impact on the prog-
nosis of patients with HCC when they have C-P class A
liver function.

The utility of FIB-4 index is enhanced by the fact that it
is calculated using age and general laboratory data, in terms
of low cost, easy to calculate. In addition, the index can be
monitored easily with repeated calculation. Nevertheless,
the FIB-4 index has several limitations. The formula for the
FIB-4 index includes platelet count. Therefore, caution is
needed when a patient’s platelet count is low due to extra-
hepatic causes, for example, idiopathic thrombocytopenic
purpura and post-splenectomy.

There are several issues that should be further studied in
the future. The FIB-4 index has been developed as a nonin-
vasive marker of fibrosis in patients with chronic hepatitis
C and non-alcoholic fatty liver disease (Sterling et al. 2006;
Vallet-Pichard et al. 2007; Shah et al. 2009). Since the pre-
dominant etiology of HCC in the present study was HCV,
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further studies are required for assessing the prognosis of
HCC due to other etiologies (HBV and non-HBV + HCV).
Additionally, we did not investigate other serum liver fibro-
sis markers including hyaluronic acid and type IV colla-
gen 7s. Hence, it is necessary to assess the utility of these
values for the prediction of prognosis in HCC patients and
their relationship to the FIB-4.

In conclusion, the FIB-4 index was closely associated
with mortality in HCC patients with C-P class A, especially
those with C-P score 5. The FIB-4 index was identified as
an independent predictive factor for HCC prognosis from
a set of tumor and therapy-related factors. Therefore, the
FIB-4 index is very useful to clinicians when predicting
mortality and determining treatment strategies for HCC
patients with C-P score 5.
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We previously demonstrated that the expression of HSP20, a small heat shock protein, is inversely cor-
related with the progression of HCC. Inflammation is associated with HCC, and numerous cytokines,
including TNF-a, act as key mediators in the progression of HCC. In the present study, we investigated
whether HSP20 is implicated in the TNF-o~stimulated intraceliular signaling in HCC using human
HCC-derived HuH7 cells in the presence of TNF-o. In HSP20-overexpressing HCC cells, the cell growth

Keywords: was retarded compared with that in the control cells under long-term exposure of TNF-o. Because
‘;;;’23 NF-xB pathway is the main intracellular signaling system activated by TNF-o, we investigated the effects

Hee of HSP20-overexpression of this pathway. The protein levels of IKK-o, but not IKK-B, in the HSP20-
IKK-0. overexpressing cells were decreased. Short-term exposure to TNF-a-induced phosphorylation and degra-
Cell proliferation dation of IkB, and the phosphorylation and transactivational activity of NF-xB were suppressed in the
HSP20-overexpressing HCC cells. Furthermore, the increase in IKK-o levels was accompanied by a
decrease in the HSP20 levels in human HCC tissues. These findings strongly suggest that HSP20 might
decrease the IKK-ot protein level and that it down-regulates the TNF-a-stimulated intracellular signaling

in HCC, thus resulting in the suppression of HCC progression.
© 2014 Elsevier Inc. All rights reserved.

Introduction

Human hepatocellular carcinoma (HCC),' a primary cancer of
the liver, is a major cause of cancer-related death worldwide, espe-
cially in developing countries. Even after surgical resection, HCC
recurs at a high frequency. The five-year survival rate of HCC is
30-40% [1]. HCC frequently develops as a consequence of underlying
liver disease, which is accompanied with chronic inflammation.
Inflammation occurs with chronic hepatitis or liver cirrhosis, and is
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1 Abbreviations used: HCC, human hepatocellular carcinoma; TNF-g, tumor
necrosis factor-o; NF-xB, nuclear factor-xB; IKK, inhibitor kB kinase; 1kB, inhibitor
kB; EGF, epidermal growth factor; TGF-a., transforming growth factor-o; HSF, heat
shock factor; UICC, Union of International Cancer Control; MAPK, mitogen-activated
protein kinase; PI3K, phosphoinositide 3-kinase; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; RPMI, Roswell Park Memorial Institute; FCS, fetal calf
serum; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel electrophoresis;
PVDF, polyvinylidene fluoride; PBS, phosphate-buffered saline; DHMEQ,
dehydroxymethylepoxyquinomicin.

Bt/ idxdolorg/10.1016/1abb.2014.10.010
0003-9861/© 2014 Elsevier Inc. All rights reserved.

thought to induce HCCs {1,2]. Proinflammatory cytokines, including
tumor necrosis factor-o. (TNF-at), are implicated in the pathogenesis
of HCC [2]. In the liver, it has been shown that TNF-a stimulates
hepatocyte proliferation, in addition to acting as a mediator of cell
death {2,3]. Regarding the intracellular signaling of TNF-q, it is gen-
erally established that the nuclear factor-xB (NF-xB) pathway is the
main signaling system {3]. TNF-o stimulates the activation of inhib-
itor kB kinase (IKK) and consequently induces the transcriptional
activities of NF-kB via the phosphorylation and subsequent degrada-
tion of inhibitor kB (IxB) proteins {3]. Once IxB is phosphorylated, it
releases NF-xB, thus resulting in its translocation to the nucleus,
where it regulates transcriptional events.

It has been shown that NF-kB signaling is critically involved in
the progression of HCC {2,31. The inhibition of the NF-xB activity at
later stages of carcinogenesis reportedly reduces inflammation-
associated tumor development in liver parenchymal cells {21. In
addition, TNF-o-activated NF-xB signaling promotes the expres-
sion of epidermal growth factor (EGF) receptor ligands, such as
transforming growth factor-o (TGF-o1), and stimulates their release
from the cell surface, which enhances HCC cell survival and
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proliferation [2]. However, the regulatory mechanism underlying
the TNF-o-induced NF-xB signaling pathway in HCC has not yet
been clarified.

Heat shock protein 20 (HSP20/HSPBG) belongs to the small HSP
family (HSPB) with monomeric molecular masses ranging from 15
to 30 kDa. HSP20 is ubiquitously expressed in many organs, such as
muscles and the liver [4-G]. The HSPB family has significant simi-
larities in terms of amino acid sequences, so-called o-crystallin
domain {G]. Although HSP20 has molecular chaperone activity, as
well as other small HSPs, the expression of HSP20 is not induced
by physical or chemical stresses, and does not seem to depend
on the action of heat shock factor (HSF)-1 [6]. However, some
physiological factors might affect HSP20 expression. Accumulating
evidence suggests that HSP20 is implicated in multiple physiolog-
ical and pathological processes, such as the regulation of smooth
muscle relaxation, myocardial infarction and Alzheimer’s disease
[6-8]. In our previous studies {9,10], we have demonstrated that
HSP20 functions extracellularly to suppress the aggregation and
activation of human platelets. Regarding HSP20 in HCC, we have
reported that the expression levels of HSP20 in human HCCs are
inversely proportional to the TNM stage [11]. The TNM classifica-
tion is a cancer staging system proposed and updated by the Union
of International Cancer Control (UICC). It records the primary and
regional nodal extent of the tumor and the absence or presence
of metastasis. In addition, we showed that HSP20 reduces HCC cell
growth by suppressing the mitogen-activated protein kinase
(MAPK) and phosphoinositide 3-kinase (PI3K)/AKT pathways,
which are stimulated by growth factors such as TGF-o [12,13].
HSP20 directly interacts with PI3K and inhibits the PI3K activity
in HCCs [13]. Moreover, we recently showed that HSP20 directly
interacts with Bax and regulates apoptosis in HCC cells [14].

In the present study, we investigated the involvement of HSP20
in the TNF-a-induced NF-xB signaling pathway in HCC cells. We
herein demonstrate that HSP20 regulates IKK-o. protein expression
and suppresses the TNF-o-induced NF-xB signaling pathway in
human HCC.

Materials and methods
Materials

TNF-o0. was obtained from Funakoshi Pharmaceutical Co. Ltd.
(Tokyo, Japan). Wedelolactone was obtained from Calbiochem-
Novabiochem, Co. (La Jolla, CA). HSP20 antibodies were purchased
from Enzo Life Sciences Inc. (Farmingdale, NY). Antibodies against
IKK-ot, IKK-B, IxB, phospho-specific IxB, NF-xB p65 and phospho-
specific NF-xB p65 (Ser-536) were purchased from Cell Signaling
Technology, Inc. (Danvers, MA). Anti-HSP27 and anti-glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) antibodies were pur-
chased from Santa Cruz Biotechnology Inc. (Santa Cruz, CA).
Wild-type human HSP20 cDNA (clone ID 6074542), which was
obtained from Open Biosystems, Inc. (Huntsville, AL), was sub-
cloned into the eukaryotic expression vector, pcDNA 3.1(+), as
described previously {12]. The eukaryotic expression vector,
PcDNA 3.1(+), control short interfering RNA (siRNA) [Silencer Neg-
ative Control No.1 siRNA] and HSP20-siRNAs [Silencer® Select siR-
NA; s43029 (#29) and s43030 (#30)] and the Trizol reagent were
purchased from Life Technologies Corp. (Carlsbad, CA). SiLentFect
was purchased from Bio Rad (Hercules, CA). The Ommniscript
Reverse Transcriptase kit was purchased from QIAGEN (Hilden
Germany). Fast-Start DNA Master SYBR green 1 was purchased
from Roche Diagnostics (Mannheim, Germany). A reporter plasmid
containing the luciferase reporter gene linked to five repeats of the
NF-kB binding site, pNF-kB-luc, was obtained from Agilent Tech-
nologies Manufacturing GmbH & Co, (Waldbronn, Germany). The

BCA protein assay kit was obtained from Thermo Fisher Scientific
Inc. (Waltham, MA).

Cell cultures

Human HCC-derived HuH7 cells were obtained from the Health
Science Research Resources Bank (Tokyo, Japan). The HuH7 cells
were maintained in Roswell Park Memorial Institute (RPMI) 1640
(Sigma-Aldrich Corp., St. Louis, MO) supplemented with 1% fetal
calf serum (FCS) (Hyclone Corp., Logan, UT). HuH7 cells stably
overexpressing HSP20 and the control empty vector-transfected
HuH7 cells were established as described previously |[12], by
means of a Tet-Off™ gene expression systems (Clontech Laborato-
ries Inc., Palo Alto, CA) according to the manufacturer’s instruc-
tions. The induction of HSP20 protein expression in the
HSP20-overexpressing cells have been controlled by the presence
of doxycycline (Sigma-Aldrich). The HSP20-overexpressing cells
and the control cells were maintained in RPMI1640 supplemented
with 1% FCS, 200 pg/ml G418 (Invitrogen), 100 pg/ml hygromycin
B (Merck KGaA Co. Darmstadt, Germany) and 1 pg/ml doxycycline.

Tissue specimens

HCC tissues and their adjacent liver tissues were obtained by
surgical resection from 35 patients in the Department of Surgery,
Ogaki Municipal Hospital (Gifu, Japan), according to a protocol
approved by the committee for the conduct of human research at
Ogaki Municipal Hospital and at Gifu University Graduate School
of Medicine. Written informed consent was obtained from all of
the patients.

SiRNA transfection

To knock down HSP20 in the HSP20-overexpressing HuH7 cells,
the cells were transfected with a negative control siRNA or
HSP20-siRNA utilizing SilentFect according to the manufacturer's
protocol. Twenty-four hours after siRNA treatment, the cells were
seeded for the cell counting assay.

Cell counting assay

For cell counting, the cells were plated on 96-well dishes
(3 x 10 cells/well) in RPMI1640 medium with 10% FCS without
doxycycline. Twenty-four hours after seeding, the cells were trea-
ted with or without wedelolactone for 1 h, and then were stimu-
lated with 1nM TNF-o for the indicated periods. The cell
numbers were then counted using a Cell Counting Kit-8 (Dojindo
Laboratories, Kumamoto, Japan) according to the manufacturer’'s
instructions and the Trypan blue exclusion method.

Preparation of protein samples and the Western blot analysis

In order to induce HSP20 expression, the HSP20-overexpressing
cells and control cells were incubated without doxycycline for
24 h. The cells were then cultured under serum-starvation for
another 24 h and subsequently treated with or without wedelolac-
tone for 1 h, followed by stimulation with 1 nM TNF-a for the indi-
cated periods. The cultured cells and HCC tissues were lysed, and a
Western blot analysis was performed as described previously
{11,12]. Briefly, sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed by the method described
by Laemmli {15]. The proteins in the gel were transferred onto
polyvinylidene fluoride (PVDF) membranes, which were then
blocked with 5% fat-free dry milk in phosphate-buffered saline
(PBS) with 0.1% Tween 20 for 1 h before incubation with the indi-
cated primary antibodies. Peroxidase-labeled anti-rabbit or
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anti-goat IgG antibodies were used as secondary antibodies. The
peroxidase activity on the PVDF membranes was visualized on X-
ray film by means of an ECL Western blotting detection system
(GE Healthcare, Waukesha, WI) as described in the manufacturer's
protocol. The samples from the cell cultures to be compared, and
the lysates of HCC tissues and their adjacent liver tissues, which
were obtained from the same patient, were run in the same gel
in order to compare the protein expression levels. The data of the
normalized values of the protein bands were statistically analyzed
as described in the Statistical analysis section.

Densitometric analysis

The densitometric analysis was performed using a scanner and
an image analysis software program (image J version 1.32). The
protein levels were calculated as follows: the background-
subtracted signal intensity of each protein signal was normalized
to the respective GAPDH or HSP27 signal.

Real-time RT-PCR

Total RNA from the HSP20-overexpressing HuH7 cells and the
control empty vector-transfected HuH7 cells was isolated and
transcribed into cDNA using the Trizol reagent and an Omniscript
Reverse Transcriptase kit. Real-time RT-PCR was performed using
a Light Cycler system (Roche Diagnostics) in capillaries and the
Fast-Start DNA Master SYBR Green I provided with the kit, Sense
and antisense primers for IKK-o or GAPDH mRNA were purchased
from Takara Bio Inc. (Tokyo, Japan) (primer set ID: HA034946 for
IKK-oo and HA067812 for GAPDH). The amplified products were
determined by a melting curve analysis. The IKK-oo mRNA levels
were normalized to those of GAPDH mRNA.

Luciferase reporter assay

The HSP20-overexpressing HuH7 cells and the control cells
were cotransfected with the pNF-xB-luc reporter gene (firefly lucif-
erase; 1pg/35-mm dish) and pRL-CMV-luc (Renilla luciferase;
100 ng/35-mm dish) using the UniFector transfection reagent
(B-Bridge International, Mountain View, CA). At 8 h after transfec-
tion, the cells were stimulated by 1 nM TNF-a or vehicle for 16 h.
Measurements of the luciferase activities were performed using a
dual luciferase assay system (Promega Corp., Madison, WI) accord-
ing to the manufacturer’s instructions. Changes in the firefly lucif-
erase activity were normalized to the changes in Renilla luciferase
activity and the amount of total protein in the sample.

Statistical analysis

The data are expressed as the means + SD. The statistical signif-
icance of the data was analyzed using the Mann-Whitney U-test.
All p values were derived from two-tailed tests, and a value of
p < 0.05 was considered to be statistically significant.

Results

Effect of HSP20-overexpression on the HuH7 cell proliferation in the
presence of TNF-o

We previously demonstrated that HSP20 decreases the prolifer-
ation and increases the apoptosis of HCC cells in the absence of
TNF-o {12,14]. It is firmly established that the inflammatory sig-
naling of TNF-o contributes to HCC development {3}. In our previ-
ous study {12}, we have shown that, although human HCC tissues
express the HSP20 protein, HSP20 is hardly expressed in cultured

HCC cells. Therefore, we have established human HCC-derived
HuH7 cells which are stably transfected with wild-type HSP20
cDNA to analyze the effects of HSP20 on the TNF-a-stimulated
NF-xB signaling pathway in HCC.

We first investigated the effect of the HSP20 protein on HCC cell
growth under 1 nM TNF-a-induced stimulation. The growth of
HSP20-overexpressing HuH7 cells was significantly suppressed
compared with that in the empty vector-transfected control cells
in the presence of 1 nM TNF-a (Fig. 1A). Furthermore, we found
that the suppressive effects of HSP20-overexpression on the
growth of HuH?7 cells in the presence of 1 nM TNF-o. were reversed
by transfection of HSP20-siRNAs (Fig. 1B).

Suppression by HSP20-overexpression of the IKK-o protein expression
in HCC cells in the absence of TNF-o.

It has been shown that the NF-kxB-dependent transcription is
activated in response to TNF-a stimulation, which induces HCC cell
proliferation {3]. It has also been shown that the growth of HuH7
cells in the presence of TNF-a is arrested by a NF-xB inhibitor,
dehydroxymethylepoxyquinomicin (DHMEQ) {15]. Moreover, we
found that the growth of HuH7 cells was suppressed by
wedelolactone, an IKK inhibitor, in the presence of TNF-a
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Fig. 1. The proliferation of HSP20-overexpressing HuH7 cells, and the effects of
HSP20-siRNA transfection on the cell proliferation in the presence of 1 nM TNF-o.
The cell growth curves of wild-type HSP20 vector-transfected HuH7 cells
(HSP20-overexpressing cells: closed circles) were compared with the empty
vector-transfected HuH7 cells (control cells: open circles) (A). The HSP20-over-
expressing cells transfected with the negative control siRNA (Neg; lane 1) or HSP20-
siRNAs (#29 and #30; lanes 2 and 3, respectively) were incubated with 1 nM TNF-o.
for four days (B). The data are the means + SD (n=6). *p <0.05, compared to the
values of the control cells (open circle) on the indicated days (A). *p<0.05,
compared to the value of the negative control siRNA-transfected cells (lane 1) (B).
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Fig. 2. The cell proliferation (A) and total kB levels (B) of wedelolactone-treated
HuH7 cells in the presence of 1 nM TNF-o. (A) The number of HuH7 cells after three
days of treatment with 30 uM wedelolactone were compared with the number of
control HuH7 cells without wedelolactone in the presence of 1nM TNF-o. The
values are the means+SD (n=3). *p<0.05, compared to the value of cells not
exposed to wedelolactone (lane 3). (B) The HuH7 cells were treated with various
concentrations of wedelolactone for 1 h, then were stimulated by 1 nM TNF-o or
vehicle for 20 min. The total IxB protein levels were determined by a Western blot
analysis.

(Fig. 2A). Additionally, we confirmed that the IxB degradation
induced by TNF-o was truly inhibited by wedelolactone in the cells
(Fig. 2B). Therefore, these results indicate that TNF-o. stimulates
the proliferation of HuH7 cells via activation of the NF-xB pathway.

It is well recognized that the key regulatory step in the NF-xB
signaling pathway involves the activation of IKK, which induces
the phosphorylation of IkB and its subsequent degradation [3].
Therefore, we next investigated the protein levels of the catalytic
subunits of IKK, IKK~o and IKK-B, the kinases just downstream of
the TNF receptor in the NF-xB signaling pathway, in the
HSP20-overexpressing HuH7 cells. As shown in Fig. 3A, the basal
levels of IKK-oo in the HSP20-overexpressing cells were signifi-
cantly decreased in comparison with those in the control cells in
the absence of TNF-a.. On the other hand, the IKK-B levels did not
show any difference between the HSP20-overexpressing cells and
the control cells (Fig. 3B).

Effects of HSP20-overexpression on the expression levels of IKK-u
MRNA in HCC cells in the absence of TNF-o

In addition, we examined the IKK-o mRNA expression levels in
the HSP20-overexpressing HuH7 cells using real-time RT-PCR. As
shown in Fig. 4, we found that the IKK-o. mRNA expression levels
in the HSP20-overexpressing HuH7 cells were significantly
reduced compared with those in the control cells.

Effects of HSP20-overexpression on the IicB phosphorylation and IxB
protein levels in HCC cells in the presence of TNF-o

Activated IKK phosphorylates IkB proteins and allows their
ubiquitination, leading to their subsequent proteasomal degrada-
tion [3]. Therefore, we examined the effects of HSP20 on the
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Fig. 3. The protein expression levels of IKK-o. (A) and IKK-8 (B) in wild-type HSP20
vector-transfected HuH7 cells (HSP20-overexpressing cells: HSP20) and empty
vector-transfected HuH7 cells (control cells: empty). A Western blot analysis was
performed using antibodies against IKK-o, IKK-B or GAPDH. The lower bar graph
shows the quantification data for the relative protein levels of IKK-ot (A) or IKK-B (B)
after normalization with respect to GAPDH, as determined by a densitometric
analysis. The values are the means + SD (n = 3). *p < 0.05, compared to the value of
the control cells. N.S., not significant.
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Fig. 4. The IKK-oo mRNA expression levels in wild-type HSP20 vector-transfected
HuH7 cells (HSP20-overexpressing cells: HSP20) and empty vector-transfected
HuH?7 cells (control cells: empty). The expression of IKK-o. mRNA or GAPDH mRNA
was quantified by real-time RT-PCR. The IKK-oo mRNA levels were normalized to
those of GAPDH mRNA. The values are the means + SD (n = 3). *p < 0,05, compared
to the value of the control cells.
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Fig. 5. The time dependent effects of TNF-o on the IxB phosphorylation and total
IxB protein levels in wild-type HSP20 vector-transfected HuH7 cells (HSP20-
overexpressing cells: HSP20) and empty vector-transfected HuH7 cells (control
cells: empty). The HSP20-overexpressing cells or control cells were stimulated by
1 nM TNF-a for the indicated periods, and the levels of kB phosphorylation (A) and
total IxB protein (C) were determined by a Western blot analysis. The bar graphs
show the quantification data for the relative levels of IxB phosphorylation at 3 min
after TNF-o stimulation (B) and of the total IkB protein at 30 min after TNF-o
stimulation (D). The data were normalized with respect to GAPDH, as determined
by a densitometric analysis. The values are the means=SD (n=3). *p<0.05,
compared to the value of the control cells.

TNF-a-induced phosphorylation of IkB and the IkB protein levels
in HCC cells. At the basal levels, only a little IxB phosphorylation
was detected in both the HSP20-overexpressing and control cells
(Fig. 5A, lanes 1 and 2). However, after TNF-a-stimulation, the

phosphorylation of IxB in the HSP20-overexpressing HuH7 cells
was markedly attenuated compared with that in the control cells
(Fig. 5A, lane 4 in comparison with lane 3, and Fig. 5B). Accompa-
nied by the difference in phosphorylation, decreased IxB protein
levels were observed in the control cells (Fig, 5C and D). On the
contrary, the protein levels of IxB in the HSP20-overexpressing
cells were higher than those in the control cells (Fig. 5C and D).

Suppression by HSP20-overexpression of the NF-xB phosphorylation
in HCC cells in the présence of TNF-a.

The degradation of IxB liberates NF-kB, which allows it to
translocate into the nucleus and exert its transcriptional activity
{3]. We examined whether HSP20 expression affects the TNF-
a-induced phosphorylation of NF-xB. There were not significant
differences in the amount of total NF-kB protein in both the
absence and the presence of TNF-a between the HSP20-overex-
pression cells and the control cells. On the other hand, in response
to TNF-a, the phosphorylation of NF-xB in the HSP20-overexpress-
ing cells was significantly suppressed in comparison with that in
the control cells (Fig. 6A, lane 4 in comparison with lane 3, and
Fig. 6B).

Suppression by HSP20-overexpression of the transactivational activity
of NF-xB in HCC cells in the presence of TNF-«

The nuclear translocated NF-kB exerts its transcriptional activ-
ity by binding to NF-kB binding site on the target gene. Therefore,
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Fig. 6. The effects of TNF-o. on NF-xB phosphorylation and the total NF-kB protein
levels in wild-type HSP20 vector-transfected HuH7 cells (HSP20-overexpressing
cells: HSP20) and empty vector-transfected HuH7 cells (control cells: empty). The
HSP20-overexpressing cells or control cells were stimulated by 1 nM TNF-a for the
indicated periods, and the levels of NF-xB phosphorylation and total NF-xB protein
were determined by a Western blot analysis (A). The bar graph (B) shows the
quantification data for the relative levels of NF-xB phosphorylation at 30 min after
TNF-o. stimulation. The data were normalized with respect to GAPDH, as
determined by a densitometric analysis. The values are the means +SD (n=3).
*p < 0.05, compared to the value of the control cells.
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Fig. 7. The NF-kB-dependent transactivation activity in wild-type HSP20 vector-
transfected HuH7 cells (HSP20-overexpressing cells: HSP20) and empty vector-
transfected HuH7 cells (control cells: empty). The NF-kB-dependent transactiva-
tional activity was determined after 16 h with (lanes 2 and 4) or without (lanes 1
and 3) TNF-o stimulation. The luciferase activity in cell lysates was normalized to
the Renilla luciferase activity and the amount of total protein. The values are the
means + SD (n=3), *p <0.05, compared to the value of the control cells without
TNF-o¢ stimulation (lane 1); **p < 0.05, compared to the value of the control cells
with TNF-o stimulation (lane 2), and to the value of the HSP20-overexpressing cells
without TNF-o stimulation (lane 3).

we performed the luciferase reporter assay using a reporter plas-
mid containing the luciferase reporter gene linked to NF-xB bind-
ing site. We found that although TNF-o. markedly induced the
luciferase activities in both the control cells and HSP20-
overexpressing HuH7 cells, the luciferase activity in the
HSP20-overexpressing cells was significantly lower than that in
the control cells (Fig. 7).

Expression of the IKK-o. protein in HCC tissues and their adjacent non-
tumor tissues

We have previously reported that the expression levels of
HSP20 protein in human HCC tissues were markedly lower than
those in the adjacent non-tumor tissues [ 11]. In the present study,
the IKK-oo protein levels were markedly decreased in the
HSP20-overexpressing HuH7 cells, as shown above (Fig. 3A).
Therefore, we examined the IKK-o protein levels in surgically
resected human HCC tissues and compared the results with those
in the adjacent non-tumor tissues from 35 patients. The baseline
characteristics of the patients with HCC are shown in Fig. 8A.

Similar to the findings in the HCC cells, the IKK-o protein levels
in the human HCC tissues were significantly higher than those in

Gender Male: n=26 Female: n=9
Underlying disease Liver cirrhosis: Chronic hepatitis:
n=15 n=20
Etiology of liver disease ~ HBV: n=8 HCV: n=20 Other: n=7
Number of tumors Solitary: n=28 Multiple: n=7
Tumor size (mm) <20: n=7 20-50: n=23 >50: n=5
Vascular invasion Negative: n=29 Positive: n=6
Tumor stage Stage l: n=8 Stage ll: n=15 Stage Hl: n=12 Stage IV: n=0
Histological classification  Well: n=9 Moderately: n=25 Poorly: n=1
(differentiation)
B ke = D
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HSP20 - e ) g
H
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Fig. 8. The protein expression levels of IKK-ot and HSP20 in human HCC tissues (Tumor) and the adjacent non-tumor liver tissues (Adj). The baseline characteristics of the
patients with HCC are indicated (A). A Western blot analysis was performed using antibodies against IKK-¢, HSP20, HSP27 or GAPDH (B). The bar graph shows the
quantification data for the relative protein levels of IKK-o (C) and HSP20 (D) after they were normalized to the level of GAPDH, or for HSP20 (E) after it was normalized to the
level of HSP27, as determined by a densitometric analysis. The data for the HCC tissues were calculated as the% ratio of the data from the respective adjacent non-tumor
tissue. The values are the means + SD (n = 35). *p < 0.05, compared to the values of each adjacent non-tumor liver tissue section.
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the adjacent non-tumor tissues (Fig. 8B and C and Supplementary
Fig. 1). We confirmed that the expression levels of HSP20 protein in
the HCC tissues are truly much lower than thoese in the adjacent
non-tumor tissues, as has been shown in our previous study
(Fig. 8B, D and E). We have also previously demonstrated that
the protein levels of HSP27, another small heat shock protein, in
HCC tumor tissues are not significantly different from those in
the adjacent tissues (Fig. 8B) [17]. Therefore, we used the HSP27
protein as a relevant cellular epitope, and standardized the
HSP20 protein expression levels in the liver tissues to the protein
expression levels of GAPDH (Fig. 8D) or HSP27 (Fig. 8E) in the same
tumor tissues and adjacent normal specimens.

Discussion

A persistent inflammatory reaction in the liver, which can be
induced by hepatitis virus infections or chronic alcohol consump-
tion, is closely correlated with the development of HCC {2}. The
inflammatory environment helps preneoplastic hepatocytes to sur-
vive, and ultimately contributes to carcinogenesis | 2,18]. TNF-atis a
major inflammatory mediator in the liver, and induces the activa-
tion of IKK in hepatocytes {2,18]. Subsequently, NF-xB is activated
via IKK-induced IxB phosphorylation, which is followed by its deg-
radation, then NF-«B translocates into the nucleus, where it acts as
a transcription factor {2,18]. Since regulators of proliferation, such
as cyclin D1, c-Myc and cyclin E, are recognized as NF-kB target
genes, TNF-o-induced NF-xB activation stimulates the growth
and progression of HCC {2,18]. In the present study, we showed
that the growth of HSP20-overexpresssing HuH7 cells in the pres-
ence of TNF-o was reduced compared to that of the control empty
vector-transfected HuH7 cells. Moreover, HSP20-siRNA reversed
the growth reduction of HSP20-overexpressing HuH7 cells in the
presence of TNF-o. These findings led us to speculate that HSP20
might affect the intracellular signaling of TNF-o in HCC cells.

Therefore, we further investigated the TNF-oa-stimulated
IKK/IxB/NF-xB pathway in the HSP20-overexpresssing HuH7 cells
compared to that in the control cells. We demonstrated that the
IKK-or protein and mRNA levels were suppressed in the HSP20-
overexpresssing HuH7 cells compared to those in the control cells.
Based on our findings, it is possible that HSP20 might reduce the
IKK-~o protein levels which would result in changes in transcrip-
tional events in the HSP20-overexpressing HCC cells. IKK is just
upstream of IkB {18]. Once phosphorylated by IKK, there is imme-
diate ubiquitin-dependent degradation of IxkB by the 26S
proteasome {18]. We herein demonstrated that in the presence of
TNF-«, the phosphorylation of IkB and its subsequent degradation
in HSP20-overexpresssing HuH7 cells were reduced compared to
these findings in the control cells. In addition, the phosphorylation
of Ser-536 of NF-kB following TNF-o stimulation was decreased in
HSP20-overexpressing HuH7 cells.

The Ser-536 residue of NF-xB is known to be phosphorylated by
TNF-o stimulation {19,20], and IKK-a reportedly phosphorylates
NF-kB at Ser-536 {21]. The phosphorylation of NF-xB promotes
its nuclear translocation and enhances its transactivation potential
{19,22-241 In the present study, we found the NF-kB-dependent
transactivational activity induced by TNF-o in the HSP20-
overexpressing HuH7 cells was significantly reduced compared to
that in the control cells. It has been reported that HSP20 inhibits
LPS-induced NF-xB activation in cardiomyocytes, consistent with
our present results {25}, Therefore, our findings suggest that
HSP20 plays a role in suppressing the NF-xB signaling pathway
via the downregulation of IKK-o protein synthesis in HCC cells in
the presence of TNF-o.

In our previous study {11}, we have shown that the expression
levels of HSP20 decrease with the progression in tumor stages in
patients with HCC. Therefore, we further examined the

relationship between IKK-oo and HSP20 in clinical specimens from
35 patients with HCC. Compared with their adjacent non-tumor
tissues, the IKK-o protein levels in human HCC specimens were
truly increased. These findings suggest that the decrease in
HSP20 protein expression might upregulate the IKK-o protein
expression in HCC. Taking our findings into account as a whole, it
is most likely that HSP20 inhibits the TNF-a-stimulated NF-xB sig-
naling and acts as a negative regulator of HCC progression.

IKK is comprised of two catalytic (IKK-o. and IKK-B) subunits
and one regulatory (IKK-y) subunit {18]. High expression levels
of both IKK-a and IKK-B are closely correlated with the develop-
ment of HCC [26]. It has been shown that when IKK-o and IKK-B
are down-regulated in HCC cells, the numbers of BrdU positive
cells are decreased, the level of apoptosis is increased and the
growth of HCC is inhibited {26]. In the present study, we demon-
strated that HSP20-overexpression affects the protein expression
of IKK-ar, but not IKK-8, in HCC.

Regarding the role of IKK-o in cancer, evidence is accumulating
that activated IKK-oo promotes cancer development. It has been
reported that TNF-o-activated IKK-o directly phosphorylates cyclic
AMP responsive element binding protein (CREB)-binding protein
(CBP) in the nucleus, which induces NF-xB mediated cell prolifer-
ation and suppresses p53-dependent cell apoptosis {27,28]. In
addition, interference with IKK-o activity reportedly suppresses
the receptor activator of NF-kB (RANK)-induced cyclin D1 medi-
ated proliferation of the mammary epithelium {2¢]. Furthermore,
down-regulation of IKK-o activity has been shown to inhibit breast
cancer development driven by ErB2/Her2 {18]. Based on these find-
ings, it is probable that the down-regulation of IKK-o. protein
expression by HSP20 affects HCC proliferation via the TNF-o-stim-
ulated IKK/IxB/NF-xB pathway. Our findings suggest that HSP20
represents a potential therapeutic target for HCC. Further investi-
gations are necessary to clarify how HSP20 regulates IKK-o expres-
sion in HCC cells.

In conclusion, our results strongly suggest that HSP20 regulates
TNF-a-stimulated intracellular signaling via the suppression of
IKK-ot expression in HCC, thus resulting in the retardation of HCC
growth.
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Abstract

Background/purpose In patients with hepatocellular car-
cinoma (HCC), gadolinium-ethoxybenzyl-diethylene-
triamine pentaacetic acid (Gd-EOB-DTPA)-enhanced
magnetic resonance imaging (MRI) often identifies non-
hypervascular hypointense hepatic nodules during the he-
patobiliary phase, but their prognostic significance is
unclear. We conducted a prospective observational study to
investigate the impact of non-hypervascular hypointense
hepatic nodules detected by Gd-EOB-DTPA-enhanced
MRI on the outcome of patients with early-stage HCC.
Methods Post-treatment recurrence and survival rates
were analyzed in 138 patients with non-recurrent, early-
stage HCC [Barcelona Clinic Liver Cancer (BCLC) stage 0
or A] and Child-Pugh A liver function according to the
presence of non-hypervascular hypointense nodules on
pretreatment Gd-EOB-DTPA-enhanced MRIL

Results Non-hypervascular hypointense hepatic nodules
were detected in 51 (37.0 %) patients with early-stage
HCC on pretreatment Gd-EOB-DTPA-enhanced MRI.
Recurrence rates were significantly higher in patients with
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non-hypervascular hypointense nodules (p < 0.0001).
Based on a multivariate analysis, the presence of non-
hypervascular hypointense hepatic nodules on Gd-EOB-
DTPA-enhanced MRI was independently associated with
an increased recurrence rate, independent of tumor pro-
gression or treatment (p = 0.0005). The survival rate was
significantly lower in patients with non-hypervascular
hypointense nodules on Gd-EOB-DTPA-enhanced MRI
(p = 0.0108).

Conclusions In patients with early-stage typical HCC
(BCLC 0 or A), the presence of concurrent non-hyper-
vascular hypointense hepatic nodules in the hepatobiliary
phase of pretreatment Gd-EOB-DTPA-enhanced MRI is an
indicator of higher likelihood of recurrence after treatment
and may be a marker for unfavorable outcome.

Keywords Hepatocellular carcinoma - Early stage -
Gd-EOB-DTPA-enhanced MRI - Non-hypervascular
hypointense nodules - Recurrence - Survival

Abbreviations
Gd-EOB-DTPA  Gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid

MRI Magnetic resonance imaging

HCC Hepatocellular carcinoma

Us Ultrasonography

MDCT Multidetector-row computed
tomography

BCLC Barcelona Clinic Liver Cancer

AASLD American Association for the Study of
Liver Diseases

RFA Radiofrequency ablation

AFP Alpha-fetoprotein

AFP-L3 Lens culinaris agglutinin-reactive

alpha-fetoprotein
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DCP Des-gamma-carboxy prothrombin
CTHA CT during hepatic arteriography
TACE Transarterial chemoembolization
ALT Alanine amonotransferase activity
Introduction

Hepatocellular carcinoma (FICC) is one of the most com-
mon cancers and causes of cancer-related death worldwide
[1]. Tremendous efforts have been made for the detection
of hepatic nodules including early-stage HCC, improving
various imaging techniques including ultrasonography
(US), multidetector-row computed tomography (MDCT),
and magnetic resonance imaging (MRI).

The liver-specific contrast agent gadolinium-ethox-
ybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA), which is taken up by hepatocytes, has been in
clinical use for dynamic MRI studies since February 2008
in Japan. Gd-EOB-DTPA provides both dynamic and liver-
specific hepatobiliary MR images [2-5]. In the hepatobil-
iary phase image, hepatic lesions that lack normally func-
tioning hepatocytes are visualized as an absence of
hepatocyte-selective enhancement compared to normal
parenchyma [5, 6]. The use of Gd-EOB-DTPA-enhanced
MRI increases detection of concurrent non-hypervascular
hepatic nodules, which appear as hypointense nodules
during the hepatobiliary phase, in patients with HCC. It is
controversial whether the presence of these non-hyper-
vascular hepatic nodules in patients with typical hyper-
vascular HCC lesions impacts their outcome after
treatment for HCC.

In the present study, we attempted to evaluate the impact
of concurrent non-hypervascular hepatic nodules detected
as hypointense nodules during the hepatobiliary phase of
Gd-EOB-DTPA-enhanced MRI on recurrence and survival
of patients with early-stage HCC.

Methods
Patients, treatment, and follow-up

A total of 374 patients were diagnosed with primary, non-
recurrent HCC between February 2008 and March 2013 at
our institution. Of these patients, 289 underwent Gd-EOB-
DTPA-enhanced MRI within 2 weeks prior to treatment,
and 212 of 289 patients had Child-Pugh class A [7] liver
function. Based on the Barcelona Clinic Liver Cancer
(BCLC) classification, 138 of 212 patients were classified

as early-stage HCC (stage 0 or A) [8]. The diagnosis of
HCC was based on appropriate imaging characteristics
according to criteria in the guidelines of the American
Association for the Study of Liver Diseases (AASLD)
[9, 10]. Decisions regarding treatment for each individual
patient were based on Japanese treatment guidelines for
HCC [11]. Pretreatment Gd-EOB-DTPA-enhanced MRI
image findings had not been taken into consideration in the
selection of treatment option. All patients were treated by
hepatic resection or radiofrequency ablation (RFA). In
patients who underwent hepatic resection, HCC tumors
were resected with ample margins; enucleation of tumors
without margins was not performed. In patients who
underwent RFA, HCC were confirmed to be ablated by
dynamic CT within a week after RFA. Multiple ablations
were performed by repeated RFA sessions when enough
ablation of HCC tumor with ample margins was not
achieved.

After treatment, all patients were prospectively followed
until the end of November 2013 at our institution with US
and either MDCT or MRI every 3-6 months. Regular
monitoring of serum tumor markers [alpha-fetoprotein
(AFP), lens culinaris agglutinin-reactive alpha-fetoprotein
(AFP-L3), and des-gamma-carboxy prothrombin (DCP)]
was performed every 3 months. When a suspicious hepatic
nodule was detected by US or an elevation in tumor
markers was observed, additional imaging (usually MDCT
or MRI) was performed to check for HCC recurrence.
Recurrence was diagnosed by appropriate imaging char-
acteristics according to criteria in the AASLD guidelines
[9, 10]. It was confirmed by pathologic examination of
resected specimens when patients underwent repeated
hepatic resection. Recurrent HCC was categorized into two
groups prior to the study as intrahepatic metastasis or
multicentric recurrence according to a previous study [12,
13]. Intrahepatic metastasis was defined as recurrent
tumors consisting of moderately or poorly differentiated
HCC with the same or lower degree of differentiation than
the primary tumors on pathologic examination or hyper-
vascular tumor without non-hypervascular peripheral
regions in a same hepatic segment on imaging examina-
tion. Multicentric recurrence was defined according to
previously reported criteria with some modifications
[14, 15] as follows: (i) the recurrent tumor consists of well-
differentiated HCC occurring in a different hepatic seg-
ment than moderately or poorly differentiated pre-existing
HCCs; (ii) both the primary and recurrent tumors are well-
differentiated HCCs; and (iii) the recurrent tumor con-
tained regions of dysplastic nodules in peripheral areas
based on pathologic examination or contained non-hyper-
vascular regions in peripheral areas of hypervascular tumor
on imaging examination.
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Pretreatment imaging examination of liver nodules
using Gd-EOB-DTPA-enhanced MRI and confirmation
of non-hypervascular hypointense hepatic nodules

All patients underwent Gd-EOB-DTPA-enhanced MRI
within 2 weeks of treatment. MRI was performed using a
1.5-T whole-body MRI system (Intera Achieva 1.5T
NOVA; Philips Medical Systems, Tokyo, Japan) with a
phased-array body coil as the receiver coil. T1-weighted
sequences were acquired with the following parameters:
T1-weighted turbo field echo (TFE) in-phase and
opposed-phase transverse (TE, opposed-phase 2.3 ms, in-
phase 4.6 ms; flip angle, 12°; matrix size, 320 x 512;
scan percentage, 70) with 3.5-mm section thickness, a
0-mm intersection gap, and a 38-cm field of view. After
intravenous injection of Gd-EOB-DTPA (Primovist; Ba-
yer Schering Pharma, Osaka, Japan), T1-weighted trans-
verse gradient-echo sequences [high-resolution isotropic
volume examination (THRIVE) with spectral presatura-
tion inversion recovery (SPIR), 4/1.8; flip angle, 12°;
matrix size, 320 x 512; scan percentage, 78.54} with 3.5-
mm section thickness, a 0-mm intersection gap, and a
38-cm field of view were obtained. Gd-EOB-DTPA
was administered intravenously as a bolus at a rate of
2 mL/sec (0.1 mL/kg, maximum dose of 10 mL) through
an intravenous antecubital line (20-22 gauge), which was
flushed with 20 mL. of saline using a power injector
(Sonic Shot; Nemoto Kyorindo, Tokyo, Japan). The
timing for dynamic arterial phase imaging was deter-
mined using MR fluoroscopic bolus detection in the
descending aorta (Bolus Trak; Philips Medical Systems).
The mean delay times (time interval between the start of
bolus administration and the start of image acquisition)
for the arterial, portal, and transitional phases were 20,
60, and 180 s, respectively. Immediately after the
dynamic study, a respiration-triggered single-shot T2-
weighted sequence with a reduction factor of 4 (1,200/
100; flip angle, 90°; matrix size, 400 x 512) with 7-mm
section thickness, a 1-mm intersection gap, and a 38-cm
field of view was obtained with SPIR. The hepatobiliary
phase [16] was obtained after a 20-min delay with a T1-
weighted TFE sequence (TR/TE, 4.3/2.1 ms; flip angle,
12°; matrix size, 288 x 512) with 3.5-mm section
thickness, a 0-mm intersection gap, and a 38-cm field of
view. All the sequences were obtained with parallel
imaging (SENSE). Hypointense hepatic nodules detected
during the hepatobiliary phase of Gd-EOB-DTPA-
enhanced MRI were low-intensity nodules greater than
3.5 mm.

Prior to treatment, all patients underwent dynamic CT
and CT during hepatic arteriography (CTHA) [17-19] to
evaluate the intranodular blood supply and to confirm the
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hypervascularity of HCC lesions and the lack of hyper-
vascularity of non-hypervascular hepatic nodules.

All imaging findings were independently evaluated by a
radiologist (Y.S.) and a hepatologist (H.T.) who were
blinded to the clinical data. When imaging assessments
between the two reviewers were discordant, consensus was
achieved through discussion.

Assays of AFP and DCP

Pretreatment tumor marker levels were measured within
1 week of treatment. Serum AFP were measured using
microchip capillary electrophoresis and a liquid-phase
binding assay on a yTASWako i30 auto-analyzer (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) [20]. Serum
DCP levels were determined using a sensitive enzyme
immunoassay (Eitest PIVKA-II kit, Eisai Laboratory,
Tokyo, Japan) [21-23]. The cut-off value of 20 ng/ml. was
used to establish positivity for AFP, as proposed by Oka
et al. and Koda et al. [24, 25]. The cut-off value used to
establish positivity for DCP was 40 mAU/mL, as proposed
by Okuda et al. [26].

Statistical analyses

Differences in percentages between groups were analyzed
using the chi-square test. Differences in mean quantitative
values were analysed using the Mann—Whitney U test. The
date of treatment for HCC was defined as time zero for
calculations of overall survival and recurrence rates. In the

- analysis of overall survival rates, patients who were alive

were censored, and those who died were not censored. In
the analysis of recurrence rates patients without HCC
recurrence were censored, and patients who had died or had
HCC recurrence were not censored. The Kaplan-Meier
method [27] was used to calculate survival and recurrence
rates, and the log-rank test [28] was used to analyze
differences.

The Cox proportional hazards model [29] was used for
univariate and multivariate analyses of factors related to
overall survival and recurrence rates. Variables analyzed
included patient age and sex, alanine aminotransferase
activity (ALT), platelet count, tumor size (<2 cm/
between 2 and 3 cm), number of tumors (single/multiple),
pretreatment AFP level (<20/>20 ng/dL), pretreatment
DCP level (<40/>40 mAU/mL), treatment for HCC
(hepatectomy/RFA), and presence of non-hypervascular
hypointense nodules in the hepatobiliary phase of Gd-
EOB-DTPA-enhanced MRI (absent/present). Variables
that reached statistical significance (p < 0.05) in the
univariate analysis were subsequently included in the
multivariate analysis. Data analyses were performed
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Table 1 Characteristics of the study patients (n = 138)

Characteristic Value

70.6 £ 9.2 (36-85)
41 (29.7)/97 (70.3)
24 (17.4)/95 (68.8)/19

Age (mean = SD, years) (range)
Sex (female/male)
Etiology (HBV/HCV/non-HBV, non-HCV)

(13.8)
Alanine aminotransferase (IU/L.) 46.5 & 31.0
Albumin (mean = SD, g/dL) 3.93 4 042
Total bilirubin (mean & SD, mg/dL) 0.84 4 0.32
15-min ICG retention rate (%) 18.8 £ 10.2
Prothrombin (%) 89.8 &+ 14.2
Platelet count (x 1,000/mL) 144 + 67

Tumor size (mean == SD, cm) (range) 1.93 + 0.61 (0.7-3.0)
105 (76.1)/33 (23.9)
63 (45.7)/75 (54.3)
11.4 (0.6-3,344)

29.0 (0-25,763)

87 (63.0)/51 (37.0)

Number of tumors (single/multiple)
BCLC classification (stage O/stage A)
AFP (ng/dL) (median, range)

DCP (mAU/mL) (median, range)

Non-hypervascular hypointense nodule
(absent/present)

Treatment (resection/radiofrequency
ablation)

Follow-up period (months) (median, range) 33.1 (8.2-66.4)

76 (55.1)/62 (44.9)

Percentages are given in parentheses as appropriate

HBYV hepatitis B virus, HCV hepatitis C virus, /CG indocyanine green
test, BCLC Barcelona Clinic Liver Cancer group, AFP alpha-feto-
protein, DCP des-gamma-carboxy prothrombin

emsmenns - Non-hypervascular hypointense nodules detected
by Gd-EOB-DTPA-enhanced MRI (-) (n = 87)

100 s Non-hypervascular hypointense nodules detected
by Gd-EOB-DTPA-enhanced MRI (+) (n = 51)

80
60 ~

a0 ;——‘rﬁ*ﬁ“

20

Recurrence rate (%)

Years after treatment

Fig. 1 Recurrence rates after treatment in patients with early-stage
hepatocellular carcinoma (Barcelona Clinic Liver Cancer stage 0 or
A) based on the presence or absence of non-hypervascular hypoin-
tense hepatic nodules identified during the hepatobiliary phase of
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA)-enhanced MRI. The recurrence rate was significantly
higher in patients with non-hypervascular hypointense hepatic
nodules on Gd-EOB-DTPA-enhanced MRI than patients without
such lesions (p < 0.0001)

using JMP statistical software, version 6.0 (Macintosh
version; SAS Institute, Cary, NC, USA). All p values
were derived from 2-tailed tests, with p < 0.05 accepted
as statistically significant.

Results
Patients characteristics

Table 1 shows the characteristics of the study patients.
Patients consisted of 97 males and 41 females, with a mean
age of 70.6 &= 9.2 years. There were 63 (37.3 %) patients
with BCLC stage 0 HCC [8]. HCC was treated with hepatic
resection in 76 (55.1 %) patients and RFA in the remaining
62 (44.9 %) patients. In patients treated by RFA, transar-
terial chemoembolization (TACE) was performed before
RFA in patients whose HCC was more than 2.0 cm in
diameter, in order to enhance the efficacy of RFA [30], and
29 (46.8 %) of the 62 patients underwent TACE before
RFA. No differences in both recurrence and survival rates
were observed between patients treated by RFA with and
without TACE (p = 0.6295 for recurrence and p = 0.4256
for survival; supplementary Fig. 1).

Non-hypervascular hypointense nodules were detected
on pretreatment Gd-EOB-DTPA-enhanced MRI in 51
(37.0 %) patients, who were categorized as the hypointense
nodule (+4) group. The other 87 (63.0 %) patients in whom
non-hypervascular hypointense nodules were not detected
were classified into the hypointense nodule (—) group.
Patients were followed for 8.2-66.4 months (median fol-
low-up, 33.1 months) after treatment.

Recurrence rates after treatment according

to the presence of non-hypervascular hypointense
nodules detected during pretreatment Gd-EOB-DTPA-
enhanced MRI

Recurrence of HCC was observed in 60 (43.5 %) of 138
patients during the study period. Recurrence was diagnosed
based on appropriate imaging characteristics according to
criteria in the AASLD guidelines in all patients and, in
addition, it was confirmed by pathologic examination of
resected specimens in 12 patients who underwent hepatic
resection for recurrent HCC.

Recurrence of HCC was observed in 32 patients
(62.7 %) of the hypointense nodule (+4) group and 28
patients (32.2 %) of the hypointense nodule (—) group. We
determined the recurrence rate after treatment based on the
presence or absence of non-hypervascular hypointense
hepatic nodules identified during the hepatobiliary phase of
Gd-EOB-DTPA-enhanced MRI (Fig. 1). The recurrence
rate was significantly higher in patients in the hypointense
nodule (4) group than patients in the hypointense nodule
(—) group (p < 0.0001). In the univariate analysis, eleva-
tion of ALT (p = 0.0282), multiple tumors (p = 0.0035),
pretréatment elevation of serum AFP level (p = 0.0491),
RFA (p = 0.0087), and the presence of non-hypervascular
hypointense nodules on pretreatment Gd-EOB-DTPA-

@_ Springer



