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Abstract—In the last decade, the use of data mining
techniques has become widely accepted in medical applications,
especially in predicting cancer patients’ survival. In this study,
we attempted to train an Artificial Neural Network (ANN) to
predict the patients’ five-year survivability. Breast cancer
patients who were diagnosed and received standard treatment
in one hospital during 2000 to 2003 in Taiwan were collected for
train and test the ANN. There were 604 patients in this dataset
excluding died not in breast cancer. Among them 140 patients
died within five years after their first radiotherapy treatment.

The artificial neural networks were created by
STATISTICA® software. Five variables (age, surgery and
radiotherapy type, tumor size, regional lymph nodes, distant
metastasis) were selected as the input features for ANN to
predict the five-year survivability of breast cancer patients. We
trained 100 artificial neural networks and chose the best one to
analyze. The accuracy rate is 85% and area under the receiver
operating characteristic (ROC) curve is 0.79. It shows that
artificial neural network is a good tool to predict the five-year
survivability of breast cancer patients.

I. INTRODUCTION

Breast cancer is the most common cancer in women
worldwide and is diagnosed in more than 1 million women
each year. Breast cancer is largely seen in women in
economically developed areas such as North America and
Northern, Western, and Central Europe, and in Asian
metropolises, including Tokyo, Shanghai, Hong Kong,
Singapore, and Taiwan. 2012 statistics from the Department
of Health, Executive Yuan indicate that breast cancer is the
fourth leading cause of death for women in Taiwan and that
1852 women died from breast cancer in 2011 [1]. Therefore,
the early detection and treatment of breast cancer is a major
public health issue.

In addition to determining the clinical status of patients,
cancer staging systems can serve as references for selecting
clinical treatment methods and for predicting prognosis.
According to the tumor-node-metastasis (TNM) staging
system proposed by the American Joint Committee on Cancer
in 2002, the stages of breast cancer in patients are determined
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by tumor size (T), whether the tumors have metastasized to the
lymph nodes (N), and whether tumors have metastasized to
other organs (M).

In numerous previous studies concerning the prediction
of 5-year survival rate for patients suffering from breast cancer,
the variables include age, tumor stage, ethnicity,
socioeconomic status [2], lymph node status, histological type,
tubule formation, tumor necrosis [3], marital status, the degree
of tumor lesion, pathological stage, the type of radiation
treatment, clinical stage, the degree of tumor spread, the
number and size tumors, and the number of lymph nodes [4].
The use of artificial neural networks for predicting the survival
rate of patients suffering from breast cancer in Taiwan and
foreign countries has yielded satisfactory results [4,5].

Prognostic factors in cancer have great effects on clinical
decision-making and they provide patients with greater
health-related information. Therefore, we used the database of
breast cancer patients at a regional hospital in Northern
Taiwan as examples to establish a prediction model for
predicting the 5-year survival rate of patients suffering from
breast cancer following treatment. In addition, we analyzed
and discussed the outcomes of this model.

II. METHODS AND MATERIALS

We adopted the database of a regional hospital in Northern
Taiwan that had 5190 patients with breast cancer between
2000 and 2003. The research targets were female patients who
were preliminarily diagnosed with breast cancer and received
their entire treatment in the study hospital. Incomplete data
sets and the data of patients who died of causes unrelated to
breast cancer were eliminated from the analysis. Consequently,
604 comprehensive patient data were available for prediction
analysis. Among these 604 patient data, 141 patients died
within 5 years, which accounted for 23.34% of the total
population of patients suffering from breast cancer.

After organizing the 604 data sets, five variables were
selected for establishing an artificial neural network model
using STATISTICA® software to predict the 5-year survival
rate of the patients. The five variables selected were age (A),
tumor size (T), condition of tumor metastasizing to lymph
nodes (N), whether the tumors had metastasized to other
organs (M), and whether breast-conserving surgery was
performed followed by radiotherapy. The feature selection
was based on literature review and clinical availability. We
attempt to build a model only using data at hand.

Classification was selected as the prediction method for
the establishment of the artificial neural network model. The
survival variable of the patients surviving beyond 5 years was
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years was established as 0. The breast-conserving variable of
patients who received breast-conserving surgery followed by
radiotherapy that delivered a dose greater than 6200 cGy was
set as 1. The breast-conserving variable for patients who
received breast-conserving surgery followed by radiotherapy
that delivered a dose smaller than 5000 cGy was set as 0.

To prevent over-training from occurring, 75% of the
samples in the database were randomly selected as training
samples using the software and the remaining 25% were used
as test samples. Among the five variables, patient age at
diagnosis was used as a continuous variable; whereas tumor
size, condition of tumor metastasizing to lymph nodes,
whether the tumors had metastasized to other organs, and
whether breast-conserving surgery was performed followed
by radiotherapy were used as class variables. The artificial
neural network used in this study was a multilayer perceptron
(MLP) artificial neural network and the number of hidden
neuron was set as ranging from 5 to 15. We applied the error
evaluation method of minimum cross entropy to train 100
artificial neural networks and studied and analyzed the
network that had the best overall performance.

III. RESULTS

The data used in this study contained 604 data with
comprehensive patient information. In the classification based
on the final survival status, 141 patients died within 5 years,
accounting for 23.34% of the total patient population, and 563
patients survived beyond 5 years, accounting for 76.66% of
patient population. In the classification based on cancer stage,
the number of patients diagnosed as in Stage I to Stage IV
were 172, 188, 218, and 26, respectively, accounting for
28.48%, 31.13%, 36.09%, and 4.30% of the total patient
population, respectively. In the -classification based on
whether the patients received breast-conserving surgery and
radiotherapy, the number of patients who received
breast-conserving surgery followed by radiotherapy with a
delivered dose greater than 6200 cGy was 296, 49% of the
patient population, and the number of patients who received
breast-conserving surgery followed by radiotherapy that
delivered a dose smaller than 5000 cGy was 308, accounting
for 51% of the population. Among the total patient population,
453 patients (75%) were randomly selected by computer
software as members of the training group, and the remaining
151 patients (25%) were grouped into the test group.

The optimized model established by STATISTICA®

software using MLP artificial neural network was MLP 13-6-2.

The algorithm used was the
Broyden-Fletcher-Goldfarb-Shanno (BFGS) method, the
training performance was 85.43, and the testing performance
was 84.11.

The 5-year survival rate predicted using the artificial
neural network was compared to the original data as shown in
TABLE 1. The accuracy was calculated using a formula as
85.1%, the sensitivity as 94.83%, and the specificity as
52.86%.

The receiver operating characteristic (ROC) curve of the
training samples obtained by separately analyzing the training
samples and test samples is shown in Fig. 1. The threshold was

0.2262 and the area under the curve was 0.8765. The results
suggested that the accuracy of the training samples was
excellent.

TABLE L. SURVIVAL PREDICTION RESULTS
Actual value Total
Survival Death
Prediction Survival 440 66 506
outcome
Death 24 74 98
Total 464 140 604
Sampl rain
0.2
10
Figure 1. ROC curve of training samples

The ROC curve of the test samples is shown in Fig. 2.
The threshold used was 0.14462 and the area under the curve
was 0.7935. The results suggested that the accuracy of the test
samples was moderate.
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Figure 2. ROC curve of testing samples

IV. CONCLUSIONS AND DISCUSSION

We generated cancer stage-survival rate correlation curves
and analyzed and verified whether the STATISTICA®
software genuinely randomly assigned samples to the training
and test groups and whether the data were evenly distributed.
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By comparing the data shown in Figs. 3 and 4, a differential
survival rate between the training and test groups was
observed in Stage IV patients; whereas the differences in the
distribution of the survival rates were small in the Stage I to III
patients. The differential survival rate observed in the Stage [V
patients may have been attributed to the small sample size.
However, because none of the Stage IV patients survived
beyond 5 years, the differential survival rate did not affect the
prediction. Thus, the sample assignment was random.

whether tumors have metastasized to other organs, whether
breast-conserving surgery was performed, and radiotherapy),
a moderate positive correlation with whether patients received
breast-conserving surgery, and a low negative correlation with
age of diagnosis. However, the correlations of these variables
to survivals were not good enough so that it could not get
accurate prediction by only one variable.

TABLE II. CORRELATION COEFFICIENT BETWEEN INPUT VALUES AND

SURVIVAL
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Figure 3. Kaplan-meier survival curve of testing samples

Stage

0.8+ =

041 —I_‘

029 L

Survival probability

009

Survival time (month)

Figure 4. Kaplan-meier survival curve of training samples

The correlation coefficients between various variable
entries and survival outcome were shown in Table II; the
correlation was significant if the level of significance was
determined to be 0.01. As shown in Table II, patient survival
had a moderate negative correlation with the five variables
(tumor size, condition of tumor metastasizing to lymph nodes,

In the analysis of various numerical indices, the
comparison of the predicted 5-year survival rate using the
artificial neural network model established as described in this
study and the actual patient survival condition indicated that
the accuracy was 85.1%, the sensitivity was 94.83%, and the
specificity was 52.86%. As the data imply, the artificial neural
network model was highly accurate and sensitive. The reason
why the artificial neural network model provided high
accuracy and sensitivity was that the thresholds selected for
both the training and test samples were low. Consequently, the
predicted patient survival rates were inclined to be high, and
with the high ratio of surviving patients (76.66%) in these
patient data, the model yielded high accuracy and sensitivity.
Comparing with other studies, this result is not remarkable. In
the study published by Delen et al.[4], the accuracy of
prediction reach to 0.9 above. However, they used 17 feature
variables to perform such a work, we only used 5 features at
hand to get accuracy over 0.85. This simple system will be
more suitable for clinical application.

Another noteworthy point in this study was the relatively
low specificity (52.86%). We found that the reason for the low
specificity was the presence of numerous false positive cases;
that is, numerous patients classified in an early stage of breast
cancer were predicted to survive beyond 5 years but died
within 5 years. In addition to the three cancer-staging variables
(i.e., tumor size, condition of tumor metastasizing to lymph
nodes, and whether tumors had metastasized to other organs),
additional and more crucial malignant factors may have
caused the patients in the early stage to die within 5 years.
These additional variables were not included in the artificial
neural network model of this study. Consequently, the deaths
of the patients suffering from early breast cancer within 5
years cannot be accurately predicted. Therefore, we
recommend the inclusion of cytopathological variables such
as the determination of the degree of differentiation (i.e.,
Grades I, II, and III) based on the pathological sectioning of
the malignant cells, familial medical history, hormone
receptors ER, PR, and HER? in future studies. Correcting the
prediction model with malignant factors that can cause death
among patients with early breast cancer within 5 years should
lower the incidence of false positive cases and improve the
overall prediction of survival rates [2,4,6].
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