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Summary

The incidence of hepatocellular carcinoma (HCC) in Japan has still been increasing. The aim of the
present study was to analyze the epidemiological trend of HCC in the western area of Japan, Kyushu.

A total of 10,010 patients with HCC diagnosed between 1996 and 2008 in the Liver Cancer study group
of Kyushu (LCSK), were recruited for this study. Cohorts of patients with HCC were categorized into five
year intervals. The etiology of HCC was categorized to four groups as follows; B: HBsAg positive, HCV-
RNA negative, C: HCV-RNA positive, HBsAg negative, B+C: both of HBsAg and HCV-RNA positive, non-
BC: both of HBsAg and HCV-RNA negative.

B was 14.8% (1,485 of 10,010), whereas 68.1% (6,819 of 10,010) had C, and 1.4% (140 of 10,010) had HCC
associated with both viruses. The remaining 1,566 patients (15.6%) did not associate with both viruses.
Cohorts of patients with HCC were divided into six-year intervals (1996-2001 and 2002-2007). The ratio of
C cases decreased from 73.1% in 1996-2001 to 64.9% in 2002-2007. On the other hand, B and -nonBC cases
increased significantly from 13.9% and 11.3% in 1996-2001 to 16.2% and 17.6% in 2002-2007, respectively.
The incidence of hepatocellular carcinoma associated with hepatitis C infection decreased after 2001 in
Kyushu area. This change was due to the increase in the number and proportion of the HCC not only
nonBC patients but also B patients.
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BACKGROUND

RESULTS

The three leading causes of death in Japan are malignan-
cy neoplasms, cardiovascular diseases, and cerebrovascular
diseases. Since 1981, malignant neoplasms have been the
leading cause of death in Japan. For the last 30 years, liv-
er cancer has been the third leading cause of death from
malignant neoplasms in men. In women, liver cancer has
ranked fifth during the past decade [1]. Hepatocellular
carcinoma (HCG) accounts for 85% to 90% of primary liv-
er cancers[2] and the age-adjusted HCC mortality rate has
increased in recent decades in Japan [3]. Similarly, a trend
of increasing rates of HCC has been reported from sever-
al developed countries in North America, Europe and Asia
[4,5]. HCC often develops in patients with liver cirrhosis
caused by hepatitis B virus (HBV), hepatitis G virus (HCV),
excessive alcohol consumption, or nonalcoholic fatty liver
disease. Of the hepatitis viruses which cause HCC, HCV is
predominant in Japan [6-9].

Although the age-adjusted incidence of HCC has increased
in Japan, sequential changes in etiology of HCC patients be-
tween 2001 and 2008 are not fully understood [10]. To clar-
ify factors affecting epidemiological changes in Japanese
HCC patients, especially the recent trend of HCC, we ana-
lyzed the epidemiological trend of HCC in the western area
of Japan, Kyushu area.

MATERIAL AND METHODS

Patients

A total of 10,010 patients with HCC diagnosed between
1996 and 2008 in the Liver Cancer study group of Kyushu
(LCSK), were recruited for this study. The diagnosis of
HCC was based on AFP levels and imaging techniques in-
cluding ultrasonography (USG), computerized tomogra-
phy (CT), magnetic resonance imaging (MRI), hepatic
angiography (HAG), and/or tumor biopsy. The diagnos-
tic criteria for HCC were either a confirmative tumor biop-
sy or elevated AFP (>20 ng/mL) and neovascularization in
HAG and/or CT.

Etiology of HCC

A diagnosis of chronic HCV infection was based on the
presence of HCV-RNA detected by polymerase chain re-
action (PCR), whereas diagnosis of chronic HBV infec-
tion was based on the presence of hepatitis B surface an-
tigen (HBsAg). The etiology of HCC was categorized to
four groups as follows; B: HBsAg positive, HCV-RNA neg-
ative, C: HCV-RNA positive, HBsAg negative, B+C: both of
HBsAg and HCV-RNA positive, nonBC: both of HBsAg and
HCV-RNA negative.

Statistical analysis

The data were analyzed by the Mann-Whitney test for the
continuous ordinal data, the x2 test with Yates’ correction

and the Fisher exact test for the association between two .

qualitative variables. The standard deviation was calculated
based on the binomial model for the response proportion.
P<0.05 was considered statistically significant.

Clinical features of the studied patients

A total of 10,010 patients with HCC were diagnosed at our
study group from 1996 to 2008. Table 1 show that the pro-
portion of patients diagnosed with B was 14.8% (1,485 of
10,010), whereas 68.1% (6,819 of 10,010) had C, and an ad-
ditional 1.4% (140 of 10,010) had HCC associated with both
viruses. The remaining 1,566 patients (15.6%) did not as-
sociate with both viruses. In analysis of patients in HCC by
category, the median age of patients at diagnosis of B was
57 years old significant younger than other types HCC(C:
69, nonBC: 70,.B+C 65 years old).

As shown in Figures 1 and 2, the number and ratio of B cas-
es remained unchanged from1996 to 2001 and thereafter
increased and plateaued, whereas C rapidly increased from
1996 to 2000 and thereafter decreased and plateaued. In addi-
tion, the number and ratio of the nonBC cases has increased
continued gradually and continued in this study period.

Change of etiology in patients with HCC during the
period 1996-2007 with 6-years intervals

Cohorts of patients with HCC were divided into six-year in-
tervals (1996-2001 and 2002-2007). Table 2 show that the
incident rate of C decreased significantly from 73.1% in
1996-2001 to 64.9% in 2002-2007 (1996-2001 vs. 2002-2007,
p=<0.001). On the other hand, the incident rate of B and
-nonBC increased significantly from 13.9% and 11.3% in
1996-2001 to 16.2% and 17.6% in 2002-2007, respectively.
Not only the incident rate but also number of B and -non-
BC became larger in same 6 years periods.

Table 3 shows that male/female ratio of C and -nonBC de-
creased significantly from 2.2 and 4.0 in 1996-2001 to 1.8 and
2.7 in 2002-2007, respectively (p<0.001). The ratio became
clearly smaller, indicates an increase in female patients with
C and nonBC. On the other hand, the male/female ratio
of B patients did not significantly change during the peri-
od. The median age at diagnosis of B, C, and nonBC in six-
year intervals were significant increase from 56 to 58, from
67 to 71 and from 68 to 71 years of age during the period.

DISCUSSION

Our study was the twenty-three major liver center-based study
designed to examine the sequential change in the back-
ground of HCC patients during the past 13 years, 1996-2008.
More than 80% of our patients had chronic HBV or HCV
infections. During this observation period, the number and
proportion of HCC-C reached a peak in 2000 and thereaf-
ter decreased and became stabilized. Previous studies from
Japan reported that the proportion of the HCC patients with
HCV infection had been increased and reached a plateau
in the period:of 1981=-2001 [1,3,10-12]. However; in our
study, the number and proportion of the HCC patients with -

~HQV infection cases decreased in 2001-2008. The reason

may be explained as follows; interferon therapy for chron-
ic hepatitis C may have been associated with a decreased
incidence of HCC [13-17]. Oral supplementation with a
oral branched-chain amino acids has been useful in the
prevention HCC [18]. Finally, the chronically HCV-infected -
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Table 1. The characteristic of H(C patients during the period of 1996--2008.

B C nonB B+C
Age (y.o0.) Total
Male Female Male Female Male Female Male Female
0- 1 0 0 1 0 0 0 0 2
10— 4 1 0 0 0 2 0 0 7
20— 6 2 1 0 1 1 0 0 n
30— 31 5 4 0 1 3 2 0 56
40— 204 22 130 12 32 15 12 0 427
50— 507 66 728 145 167 32 31 6 1,682
60— 287 118 1836 741 411 102 35 13 3,543
70~ 140 64 1775 947 483 133 22 14 3,578
80— 9 18 271 214 97 65 1 4 679
90— 0 0 9 5 9 2 0 0 58
1,189 296 4,754 2,065 1211 355 103 37
Total 10,010
1,485 (4.8%) 6,819 (68.1%) 1,566 (15.6%) 140 (1.4%)
57 63 67 70 68 70 61 68
Median 67
57 69 70 65
56 64 68 71 69 Al 62 68
Mean 67
58 68 68 63
1-87 14-89 27-94 0-93 28-96 17-90 36-82 55-82
Range 0-96
1-89 0-94 17-96 36-82

Age: Bvs. Cp<0.001; B vs. B+C p<0.001; B vs. nonBC p<0.001; Cvs. BC p<0.001; Cvs. nonBC p=0.043; BCvs. nonB+C p<0.001. IQR — interquartile

range; SD — standard deviation.

Figure 1. Sequential changes in the number of H(C

0
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 (years)

patients categorized by etiology during
the period 1996—2008.

population is aging in Japan. Yoshizawa et al. reported that
age-specific prevalence for the presence of HCVAb among
~300,000 voluntary blood donors from Hiroshima in 1999
clearly increased with the age, reaching the highest propor-
tion of 7% in individuals who were more than 70 years old
[10,19]. In this study, the median age of the HCC patients
with HCV infection steadily increased from 67 to 71 years
of age during the studied period. In a word, HCV infected

people become older with years in Japan and they were re-
garded as a high risk for HCC.

The prevalence rate of HBV in Kyushu area has been re-
ported to be higher than other area in Japan [1]. In Kyushu
area, 95% of patients with chronic HBV infection had HBV
genotype C except for Okinawa [20]. HBV genotype C is
thought to be associated with higher incidence of HCGC
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Figure 2. Sequential changes in the ratio of HCC

Ratio (%)

1996 1997 1998 1999 2000 2001 2002 2003 2004

005 2006 2007 2008 (years)

patients categorized by etiology during
the period 1996-2008.

Table 2. Change of etiology in patients with HCC during the period
1996—2007 with 6-years intervals.

Table 3. The median age and male/female ratio of HCC patients
during the period of 1996-2007.

Period 1996-2001 2002-2007 P value Period 1996-2001 2002-2007 P value
Number 3,023 4173 B
Sex Male 2,162 2,849 Age (y.0.) (IQR) 56 (14) 58 (15) 0.001
Female 861 1,324 cex Male 331 519
Ratio (male/female) 25 2.2 0.003 Female 88 157
Age (y.0.) (IQR) 66(14) 69 (12) <0.001 Ratio (male/female) 3.8 33 0.391
B 13.9 16.2 ¢
Hepatits C 73.1 64.9 Age (y.0.) (IQR) 67(9) 71(11) <0.001
virus (%) g4c 17 13 ; Male 1,524 1,753
ex
nonBC 13 176 0.001 Female 687 955
OR - interquart“e range Ratio (maIE/fema|e) 2.2 1.8 0.002
nonBC
compared with other HBV genotypes [21]. In the present Age (y.0.) (IQR) 68(12) 71(13) <0.001
study, the incident rate of HCC patients with HBV infection
N h . Male 273 534
became larger in this study period. To explain this change, Sex
we must consider from two viewpoints. The one is that the Female 69 201
number of patients with HCC caused by HCV infection de- Ratio (male/female) 40 27 0.012

creased, the other is that the proportion of chronic HBV
infected patients who have reached the age of developing
HCC is relatively high as described below.

Nationwide health survey for HBsAg in the over 40 years of
age population had been done between 2002 and 2006 in
Japan. This survey reports indicated that the average HBsAg
prevalence was 1.2% in the total Japanese population pa-
tients with chronic HBV infection [10] and the age-specif-
ic prevalence of HBsAg was higher in the group aged be-
tween 50 (1.4%) and 55 years (1.5%). In the HCC patients
with HBV genotype C, the mean age was 55 years in Japan
[20]. This overlap between age-specific prevalence and he-
patocellular carcinogenic age would be associated with the

increase of HCC patients with HBV infection. Nucleoside -

analogue reverse transcriptase inhibitor (NARTI) therapy
effectively reduces the incidence of HCC in chronic hep-
atitis B patients [22,23]. However, Interferon therapy for

QR —interquartile range.

chronic hepatitis C started from 1992, whereas NARTT ther-
apy for HBV started from 2000 in Japan [24,25]. Hence,
HBV associated HCC will probably decrease in Japan dur-
ing the next 10 to 20 years.

The survey of HCC patients associated with nonBC infec-
tion in Japan was conducted by Inuyama Hepatitis Research
Group from 1995 to 2003. The ratio of HCC patients with
nonBC accounted 9.3% [1]. In the present study, the ratio

- of HCC patients with nonBC was 14.1%. Furthermore, the

number and the proportion of HCC patients with nonBC
have been gradually increasing in the periods. The current
two studies account for the increase in number and propor-
tion of HCC patients with nonBC. First, Lai et al. reported
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that type 2 diabetes increases the risk of developing HCC
in those who are HCV negative or have a high level of total
cholesterol [26]. Second, Nakano et al. reported that epi-
demiological studies on diabetes mellitus revealed that the
number of patients with diabetes mellitus is gradually in-
creasing in Japan along with development of car society and
westernization of food intake. Since prevalence of diabetes
mellitus increases with aging, proportion of individuals with
diabetes mellitus aged over 60 has exceeded two-third of es-
timated total number of patients (7.40 million in 2002) in
Japan where aging of society is rapidly progressing [27]. In
aword, the number of type 2 diabetes people is increasing
in Japan and they were regarded as a high risk for HCC.
Then, the number and the proportion of HCC patients with
nonBC have been increased recent twelve years in Japan.

It is known that 2 to 4 decades of chronic HCV infection are
required to develop cirrhosis and subsequent HCC [28-31].
The number of HCC cases has increased in Japan, because in-
dividuals infected with HCV during the past have grown old
and have reached the cancer-bearing age. The prevalence of
HCV infection in young Japanese individuals is low and the
incidence of HCVADb is very low because of preventative ac-
tions against HCV infection such as the screening of blood
products for HCV and the use of sterile medical equipment
[32]. Additionally, we showed that the number and propor-
tion of patients with HCC-C cases decreased, whereas the
number and ratio of HCC-nonBC steadily increased during
the studied period. These findings may be expected that the
incidence of HCC patients with nonBC in Japan may contin-
ue to increase even after the consequence of the HCV ep-
idemic level off, a country that is far advanced with regard
to HCC patients with HCV infection, in the near future.

CONCLUSIONS

In summary, HCC patients had increased from 1996 to 2000
and this increase was originated from HCC patients with
HCV infection. The number and proportion of HCC pa-
tients with HCV infection reached a peak in 2000 and there-
after decreased and became stabilized. The incidence of he-
patocellular carcinoma associated with hepatitis C infection
decreased after 2001 in Kyushu area. This change was due
to the increase in the number and proportion of the HCC
not only nonBC patients but also B patients.
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Data mining reveals complex interactions of risk factors
and clinical feature profiling associated with the staging of
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Aim: Non-hepatitis B virus/non-hepatitis C virus-related
hepatocellular carcinoma (NBNC-HCC) is often detected at an
advanced stage, and the pathology associated with the
staging of NBNC-HCC remains unclear. Data mining is a set of
statistical techniques which uncovers interactions and mean-
ingful patterns of factors from a large data collection. The
aims of this study were to reveal complex interactions of the
risk factors and clinical feature profiling associated with
the staging of NBNC-HCC using data mining techniques.

Methods: A database was created from 663 patients with
NBNC-HCC at 20 institutions. The Milan criteria were used as

staging of HCC. Complex associations of variables and clinical
feature profiling with the Milan criteria were analyzed by
graphical modeling and decision tree algorithm methods,
respectively.

Results: Graphical modeling identified six factors indepen-
dently associated with the Milan criteria: diagnostic year of
HCC; diagnosis of liver cirrhosis; serum aspartate aminotrans-
ferase (AST); alanine aminotransferase (ALT); o-fetoprotein
(AFP); and des-y-carboxy prothrombin (DCP) levels. The deci-
sion trees were created with five variables to classify six
groups of patients. Sixty-nine percent of the patients were
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within the Milan criteria, when patients showed an AFP level
of 200 ng/mL or less, diagnosis of liver cirrhosis and an AST
level of less than 93 IU/mL. On the other hand, 18% of the
patients were within the Milan criteria, when patients showed
an AFP level of more than 200 ng/mL and ALT level of 20 1U/mL
or more.

Data mining of non-HBV/non-HCV-related HCC 565

Conclusion: Data mining disclosed complex interactions of
the risk factors and clinical feature profiling associated with
the staging of NBNC-HCC.

Key words: data mining, disease progression, hepatoma,
non-viral hepatitis, tumor marker

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the

fifth most common cancer and the third most
common cause of cancer-related deaths worldwide.'
Chronic infection with hepatitis B virus (HBV) or hepa-
titis C virus (HCV) is a risk factor for HCC. Recent
developments in the management of patients with viral
hepatitis have resulted in early detection of HCC and
improvement of prognosis.*-®

The number of patients with non-HBV/non-HCV-
related HCC (NBNC-HCC) has been increasing, and
NBNC-HCC now accounts for 12-16% of all the HCC
cases in Japan.*® A variety of factors are involved in
the development and progression of this cancer
including age, sex, alcoholic liver disease and diabetes
mellitus.'®'? Therefore, neither early detection nor
improved prognosis has been achieved in NBNC-HCC.*
Radical treatment is applicable to patients with NBNC-
HCC who meet the Milan criteria;'® however, this cancer
is often detected at an advanced stage. For earlier detec-
tion, it is important to understand the complex interac-
tions of the risk factors and clinical feature profiling
associated with the Milan criteria, a staging system for
NBNC-HCC.

Data mining, a set of statistical techniques, uncovers
meaningful patterns and interactions of variables from a
large data collection even when there is no a priori
hypothesis imposed.'* Graphical modeling is an explor-
atory multivariate analysis of data mining that reveals
complex associations between variables.' This analysis
assumes that the response variable is influenced by
multiple factors.'”” Therefore, different from results of
univariate analysis, an association between a risk factor
and an outcome variable may disappear or appear
because of the effects of another set of variables known
as “confounding factors”.'*'” Furthermore, its findings
are visualized as a graph, which provides an idea of how
variables interact and denotes the conditional indepen-
dence structure between random variables.'® Therefore,
graphical modeling is now identified as a new approach
to model dinical data.'

Decision tree making is another exploratory tech-
nique of data mining that represents a series of rules

for classification by identifying priorities.”?' It is
an explicit, quantitative and systematic approach to
decision-making under conditions of uncertainty and
allows clinicians to choose an option that maximizes
the net benefit to the patient.?” Recently, decision trees
were used to reveal the clinical feature profiling for
staging of pancreatic cancer” and ovarian cancer.”
However, decision trees have never been applied to
identify the clinical feature profiling associated with the
staging of NBNC-HCC.

The aims of this study were to reveal complex inter-
actions of the risk factors and clinical feature profiling
associated with the staging of NBNC-HCC using data
mining techniques.

METHODS

Patient database

ETWEEN 1995 AND 2006, a total of 10133

patients were diagnosed with HCC at 23 institu-
tions located in Kyushu, a high morbidity area of HCC
in Japan. Among them, 1363 patients were diagnosed
with NBNC-HCC according to the negative results of
both serum hepatitis B surface antigen and serum anti-
HCV antibody or HCV RNA.

In order to examine the clinical variables associated
with the staging of NBNC-HCC, a database of 663
patients with NBNC-HCC at 20 institutions was created
on the basis of the following variables: diagnostic year
of HCC; age; sex; family history of liver disease; past
history of blood transfusion; alcohol intake; diagnosis
of liver cirrhosis; diagnosis of liver disease; diagnosis of
diabetes mellitus; serum aspartate aminotransferase
(AST) level; serum alanine aminotransferase (ALT) level;
serum o-fetoprotein (AFP) level; serum des-y-carboxy
prothrombin (DCP) level; size of HCC; and number of
HCC.

For practical use, alcohol intake, serum AFP level and
serum DCP level were categorized as follows. Alcohol
intake: none; 60 g/day or less; 60-100 g/day; or more
than 100 g/day. AFP level: 20 ng/mL or less; 20-200 ng/
mL; or more than 200 ng/mL. DCP level: 40 mAU/mL
or less; 40-100 mAU/mL; or more than 100 mAU/mL.
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The study protocol conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki, as reflected by
the approval of the Ethics Committee of the Kurume
University School of Medicine.

Diagnosis and staging of HCC

The diagnosis of HCC was based on the clinical practice
manual proposed by the Japan Society of Hepatology,*
by using serum AFP and DCP levels and imaging
techniques including ultrasonography, computerized
tomography, magnetic resonance imaging, hepatic
angiography and/or tumor biopsy. The Milan criteria
(single nodule <5 cm or three nodules <3 cm) were used
for the staging of HCC.*

Data mining

An association between the Milan criteria and each risk
factor was examined by Student’s t-test and y>-test.
Because of the insufficient scientific evidence for testing
specific clinical hypotheses, graphical modeling and
decision trees were employed to explore complex asso-
ciations between the Milan criteria and a set of risk
factors.

MIM software (http://www.hypergraph.dk/) was used
for graphical modeling. R package rpart (recursive parti-
tioning and regression trees by Terry Therneau and Beth
Atkinson; http://www.mayo.edu/biostatistics) was used
to construct a decision tree algorithm. In order to evalu-
ate the prediction error, the original data (n = 663) were
randomly divided into a training dataset (n = 442) and a
testdataset (n = 221). Ten-hold cross-validation was con-
ducted to construct the initial tree on the basis of the
training dataset; then, the optimal-size tree was con-
structed by examining a set of cost-complexity param-
eters. The overall prediction error rate as well as the
sensitivity and specificity were calculated by applying the
results of the decision tree algorithm to the test dataset.

RESULTS

Characteristics of patients with NBNC-HCC

HE PATIENTS" CHARACTERISTICS are summarized

in Table 1. Family history of liver disease and history
of blood transfusion were not noted in more than 80%
of the patients. Approximately 40% of the patients did
not have any etiology of chronic liver disease.

Univariate analysis of variables associated
with the Milan criteria

Univariate analysis showed that diagnosis of liver cir-
thosis, serum AST level, serum ALT level, serum AFP

©® 2011 The Japan Society of Hepatology

Hepatology Research 2011; 41: 564-571

Table 1 Characteristics of all patients

Variable

n 663

Diagnostic year of HCC (years) 2002%3

Age (years) 68.1+9.9

Male/female 480/183

Family history of liver disease (yes/no/ 79/547/37
unclear)

History of blood transfusion (no/before 584/29/22/28
1989/after 1989/unclear)

Daily alcohol intake {none/<60 g/ 254/183/141/85
60-100 g/>100 g)

Etiology of chronic liver disease {none/ 296/188/179
alcohol/others)

Diagnosis of liver cirrhosis (yes/no) 260/403

Diagnosis of diabetes mellitus (no/yes 396/109/158
without medication/yes with
medication)

Serum AST level (U/L) 53.3+51.3

Serum ALT level (U/L) 51.8+49.9

9397 £ 71066
8003 £ 37377
50x34
28+29

Serum AFP level (ng/mL)
Serum DCP level (mAU/mL)
Size of HCC (cm)

Number of HCC

Data are expressed as the mean * standard deviation or the
number of patients.

AFP, a-fetoprotein; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; DCP, des-y-carboxy prothrombin; HCC,
hepatocellular carcinoma.

level and serum DCP level were significantly associated
with the Milan criteria (Table 2).

Graphical modeling

Complex interactions of the risk factors associated with
the Milan criteria were visualized graphically (Fig. 1).
Graphical modeling identified six independent factors
directly associated with the Milan criteria: diagnostic
year of HCC; diagnosis of liver cirrhosis; serum AST
level; serum ALT level; serum AFP level; and serum DCP
level (Fig. 1). Although alcohol intake, diagnosis of liver
disease and diagnosis of diabetes mellitus were not
directly associated with the Milan criteria, they were
associated with the Milan criteria through diagnosis of
liver cirrhosis (Fig. 1).

Decision tree algorithm

With the training dataset (n = 442), a decision tree algo-
rithm was created by using five variables to classify six
groups of patients (Fig.2). A serum AFP level of
200 ng/mL or less was the cut-off value for the initial
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Table 2 Univariate analysis of the variables associated with the Milan criteria

Variable Statistical method Test statistics Degree of freedom (df) P
Diagnostic year of HCC (years) X 13.4013 11 0.2679
Age (years) Pooled -1.07 661 0.2843
Sex $ 0.2975 1 0.5854
Family history of liver disease ba 1.7412 1 0.187
History of blood transfusion x 4.9527 2 0.084
Daily alcohol intake x? 2.4158 3 0.4907
Liver cirrhosis x 28.9521 1 <0.0001
Diabetes mellitus X2 0.926 2 0.6294
AST level (U/L) Satterthwaite 3.06 387.51 0.0023
ALT level (U/L) Satterthwaite 4.79 546.95 <0.0001
AFP level (ng/mL) X 63.1357 2 <0.0001
DCP level (mAU/mL) 1 477161 2 <0.0001

Associations between the variables and the Milan criteria were analyzed by the indicated statistical methods. P < 0.05 was considered
significant.

AFP, o-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DCP, des-y-carboxy prothrombin; HCC,
hepatocellular carcinoma.

WHET
Criteria

Family History of Liver Disease

History of Blood Transfusion

Figure 1 Graphical modeling of the interactions of the risk factors associated with the Milan criteria. AFP, o-fetoprotein; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; DCP, des-y-catboxy prothrombin; HCC, hepatocellular carcinoma; LC,
liver cirrhosis.
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Figure 2 Decision tree algorithm of the variables associated with the Milan criteria. The patients were classified according to the

indicated cut-off values of the variables. The pie graphs indicate the percentage of patients with HCC within (white)/beyond the
Milan criteria in each group. AFP, a-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DCP, des-y-
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carboxy prothrombin; HCC, hepatocellular carcinoma.

classification. Among the patients with an AFP level of
200 ng/mL or less, diagnosis of liver cirrhosis was used
as the variable for the second division. Among the
patients with liver cirrhosis, a serum AST level of less
than 93 IU/mL was the cut-off value for the third divi-
sion. Thus, 69% of the patients were within the Milan
criteria, when the patients met all of the following con-
ditions: AFP of 200 ng/mL or less; diagnosis of liver
cirthosis; and AST of less than 93 IU/mL (group 1;
Fig. 2). On the other hand, only 18% of the patients
were within the Milan criteria, when patients showed an
AFP level of more than 200 ng/mL and an ALT level of
20 IU/mL or more (group 6; Fig. 2).

There were no significant differences in the patients’
characteristics between the training dataset and the test
dataset. Prediction error was obtained by applying the
results of the decision tree algorithm to the test dataset.
The sensitivity (proportion of patients with HCC cor-
rectly classified as beyond the Milan criteria) and
specificity (proportion of patients with HCC correctly

© 2011 The Japan Society of Hepatology

classified as within the Milan criteria) were 72.1% (75/
104) and 68.4% (80/117), respectively; the overall pre-
diction error rate was 29.8% (66/221).

DISCUSSION

N THIS STUDY, we revealed the complex interactions

of the risk factors associated with staging of NBNC-
HCC using graphical modeling. In addition, we pre-
sented a decision tree algorithm to identify clinical
feature profiling associated with the staging of NBNC-
HCC.

Various factors seem to be intricately related to the
progression of NBNC-HCC. In this study, by graphical
modeling, we identified six variables directly associated
with the Milan criteria: serum AST level; serum ALT level;
serum AFP level; serum DCP level; diagnosis of liver
cirrhosis; and diagnostic year of HCC. Chronic hepatic
inflammation modulates many of the signaling cascades
involved in cell proliferation, survival and invasion of
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