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Predictability of postoperative recurrence on hepatocellular
carcinoma through data mining method
SHUICHI IWAHASHI1, A. AMMAR GHAIBEH2, MITSUO SHIMADA1, YUJI MORINE1,
SATORU IMURA1, TETSUYA IKEMOTO1, YU SAITO1 and JUN HIROSE2
Departments of 1Surgery and 2Medical Informatics, Institute of Health Biosciences, The University of Tokushima,
Kuramoto‑cho, Tokushima 770‑8503, Japan
Received November 28, 2019; Accepted April 27, 2020
DOI: 10.3892/mco.2020.2116
Abstract. Hepatocellular carcinoma (HCC) is a highly lethal
tumor and the majority of postoperative patients experience
recurrence. In the present study, we focus on the predictability
of postoperative recurrence on HCC through the data mining
method. In total, 323 patients with HCC who underwent
hepatic resection were included in the present study, 156 of
whom suffered from cancer recurrence. Clinicopathological
data including prognosis were analyzed using the data mining
method for the predictability of postoperative recurrence
on HCC. The resulting alternating decision tree (ADT) was
described using data mining method. This tree was validated
using a 10‑fold cross validation process. The average and stan‑
dard deviation of the accuracy, sensitivity, and specificity were
69.0±8.2, 59.7±14.5 and 77.7±10.2%, respectively. The identified
postoperative recurrence factors were age, viral hepatitis, stage,
GOT and T‑cholesterol. Data mining method could identify
the factors associated at different levels of significance with
postoperative recurrence of HCC. These factors could help to
predict the postoperative recurrence of HCC.
Introduction
The artificial intelligence (AI) has been widespread globally
in various fields including the medical field. AI is used to iden‑
tify key information from the large mass of academic reports
and experimental data. The AI system then analyzes this
database and displays appropriate information tailored to the
personal preferences of medical professions. Subsequently,
the AI system can indicate the most appropriate and useful
information for the individual patient concerned (1).

The data mining method is a statistical method that employs
the AI system. In conventional analysis, data are collected and
organized for the creation of a summary or a graph. However,
in the data mining system, the data are used to form a pattern.
Many health workers have used this data mining method in
various aspects of medicine due to their promising results (2,3).
Data mining aims to extract useful information from available
data by applying techniques including databases, statistics,
and visualization (4). The data mining method is useful in
the diagnosis, therapy and prognosis of patients. Regarding
diagnosis, patterns in multivariate patient attributes are
identified and classified allowing for selection from available
treatments based on their effectiveness and suitability for
individual patients. Concerning prognosis, future outcomes of
patients can be predicted based on previous experience and
current conditions.
In a recent report, we demonstrated that systemic inflam‑
mation was associated with increased prevalence of type 2
diabetes on an alternating decision tree (ADT) using the data
mining method (5). In regard to the decision tree analysis,
it was previously reported that this method was effective in
predicting the future development of the aggressive behavior
of dural arteriovenous fistulas (6,7).
Hepatocellular carcinoma (HCC) is a highly lethal tumor (8),
with over 80% patients who received curative surgery having
experienced recurrences within five years after surgery (9‑11). It
is important to identify the recurrence factor on HCC; however,
to the best of our knowledge, no reports have focused on recur‑
rence factors in HCC using the data mining method. Therefore,
the aim of this study was to examine the utility of data mining
on the predictability postoperative recurrence in HCC.
Materials and methods
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Patients and methods. A total of 323 patients who received
hepatic resections were included in this study. One hundred
and fifty‑six of these patients had suffered from cancer
recurrence while 167 patients had no recurrence.
Background factors were obtained preoperatively.
Clinicopathological data and patient prognosis were analyzed
using the data mining method for predictability of postop‑
erative recurrence on HCC. The data mining method was
performed using Rapid Miner Studio version 6.4 software.
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Figure 1. Alternating decision tree analysis of postoperative recurrence on HCC. HCC, hepatocellular carcinoma.

This study was authorized by the Institutional Review
Board of the University of Tokushima Graduate School
(approved ID no. 3215).
Data mining method. Decision trees are classification methods
widely used in data mining because they are visually informa‑
tive. ADT is generated by recursively dividing and partitioning
the patients according to the values of a statistically important
factor. The statistical importance of each factor is evaluated
with the C4.5 algorithm using the entropy function applied
in information theory (6). Factors with high entropy reduc‑
tion are considered of statistical importance. First, the most
important factor for all patients is selected, and the patients
are divided into subgroups based on the selected factor. The
procedure is then repeated, and each subgroup is divided
again based on its most important factor until all the patients
in a specific subgroup are in the same class or the subgroup
is no longer subject to further splitting. In data mining, the
group that contains all the patients is the root, each subgroup
is a node, and the subgroups not subject to further division
are the leaves. The leaves embody the final decision. Using
the recorded factors of a new patient, risk can be predicted by
following the decision tree path from the root to a node to one
of the leaves. For decision tree accuracy, it is important that the
tree provide accurate results, not only with respect to existing
cases, but also to new cases. One method for estimating the
performance of the decision tree with new cases is to test the
tree by using a test case that is different from the same popula‑
tion. However, in this approach the calculated performance is
highly dependent on the selected test case. To overcome the
effect of this dependency, we used 10‑fold cross‑validation to
estimate the decision tree accuracy, sensitivity, and specificity.
We randomly divided the existing data into 10 equally sized
subsets and used each of the 10 subsets once as a testing
set. The remaining nine subsets were used for generating a
decision tree. Finally, the overall accuracy, sensitivity, and
specificity of the decision tree were calculated as the average
of its performance with the 10 test sets (6).
Naive Bayes assume that all the features are independent
with each other. It has often performed well on the real data.
If the features are not redundant then this algorithm will work
with best accuracy. Naive Bayes is simplified version of bayes
theorem that is used to classify the unknown instances into

relevant class. The probability of each class is calculated based
on given attribute value associated with each tuple. We used
10‑fold cross‑validation to estimate the accuracy, sensitivity,
and specificity.
Results
ADT analysis of postoperative recurrence on HCC is shown
in Fig. 1. The resulting tree was validated using a 10‑fold cross
validation process. The average of the accuracy, sensitivity,
and specificity were 69.0±8.2, 59.7±14.5 and 77.7±10.2%,
respectively. The identified postoperative recurrence factors
were age, viral hepatitis, stage, AST and Total‑cholesterol.
Results of the naive Bayes analysis identified postoperative
recurrence factors including AST, tumor number, HBeAb, Sf
and surgical margin (Fig. 2). Probability (P) (Recurrence. nega‑
tive) was calculated as: PGOT x PHBeAb x PSf x Psm x PTumor number and
P (Recurrence. positive) was calculated as: P GOT x
PHBeAb x PSf x Psm x P Tumor number. The average of the accuracy,
sensitivity, and specificity were 69.6±7.7, 56.2±13.5 and
81.9±7.4%, respectively.
Discussion
In the present study, we mentioned the predictability of post‑
operative recurrence on HCC through the data mining method.
To the best of our knowledge, this is the first report showing
the predictability of postoperative recurrence on HCC through
the data mining method.
In regard to HCC recurrence, there were some reports
on the prediction of liver cancer recurrence with machine
learning (12‑14). However, there was no report of data mining
method on HCC recurrence. To the best of our knowledge,
this study was the first report of data mining method in HCC
recurrence. Furthermore, compared with other statistical anal‑
yses, ADT analysis created the map between input and output
factors and the map is learned automatically from available
data and this is not possible with classical statistical methods.
An important feature of ADT analysis exists in this surface
in addition to yielding a highly accurate final prediction (6).
There were the additional merits of the data mining method.
The representation of data in the form of the tree is easily
understood and this method can handle multidimensional
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Figure 2. Naive Bayes analysis of postoperative recurrence on HCC. (A) AST, (B) tumor number, (C) HBeAb, (D) Sf and (E) surgical margin (sm). HCC, hepa‑
tocellular carcinoma.

data. Recently, the data mining method has been reported in
the field of heart disease (15).
Regarding the effectiveness of the ADT analysis in solid
tumor, the authors of that study mentioned the prediction of
lymph node metastasis in breast cancer patients using a decision
tree. The ADT model showed a high accuracy for predicting
metastasis in patients with breast cancer (16). Previous
findings showed that the expression of CD24 and CD44 would
be useful predictive markers in breast cancer patients, via
ADT analysis (17). ADT analysis has been expected to be the
beneficial method in determining the predictability of tumor
aggressiveness of solid tumors in the future.

In addition, results of the naive Bayes analysis revealed
AST and the surgical margin as postoperative recurrence
factors. Previous findings demonstrated that the AST/ALT
ratio and surgical margin constituted risk factors for the recur‑
rence of HCC patients (18). Those data are consistent with our
findings in this study.
Nevertheless, the present study has a limitation. In this
report, analysis was performed using only clinical factors. The
roles of transcriptional factors about HCC recurrences have
been elucidated gradually (19). In future, we plan to estimate
the role of genetic or transcriptional factors on HCC recurrence
using the data mining method.
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In conclusion, the data mining method could identify
factors with postoperative recurrence of HCC. The factors
could be useful to predict the postoperative recurrence of HCC.
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