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Abstract

Background & Objectives: The aim of this study is to determine diagnostic factors for Iranian gastric cancer
patients and their importance using artificial neural network and Weibull regression models. Methods: This
study was a historical cohort study with data gathered from 436 registered gastric cancer patients who underwent
surgery between 2002 and 2007 at the Taleghani Hospital (a referral center for gastrointestinal cancers), Tehran,
Iran. In order to determine risk factors and their importance, neural network and Weibull regression models
were used. Results: The Weibull regression analysis showed that lymph node metastasis and histopathology of
tumor were selected as important variables. Based on the neural network model, staging, lymph node metastasis,
histopathology of tumor, metastasis, and age at diagnosis were selected as important variables. The true prediction
of neural network was 82.6%, and for the Weibull regression model, 75.7% . Conclusion: The present study
showed that the neural network model is a more powerful tool in determining the important variables for gastric
cancer patients compared to Weibull regression model. Therefore, this model is recommended for determining

of risk factors of such patients.
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Introduction

Gastric cancer (GC) is the cancerous growth of
stomach cells (CancerFacts, 2005-2008) which can
develop in any part of the stomach and may spread to
other organs; particularly the esophagus, lungs and the
liver (WHO, 2006). GC is the fourth most commonly
occurring cancer throughout the world (Inoue et al., 2005).
Nearly one million people die from this cancer worldwide
per year (WHO, 2006). Generally, GC has reported the
second most common cancer related cause of death in the
world (Inoue et al., 2005; Crew et al., 2006). The reports
show that nearly 65-70% of the incident cases and deaths
resulting from GC in 2002 have been occurred in less
developed countries (Ferlay et al., 2004). Most countries
have reported a high mortality rate (70-90%), except in
Japan (about 40%) (Terry et al., 2002).

In the past two decades, in spite of the promotion of
hygiene in Iran, death rates due to cancers have remained
as a major health problem in Iranian people (Mohagheghi
et al., 2004; Sajadi et al., 2005). Epidemiologic studies
in Iran show that the incidence of GC for men estimated
to be 26.1 and in women is about 11.1 per one hundred
thousand people (Sajadi et al., 2005), also GC is the
second most prevalent cancer in men and the fourth in
total population. This cancer is very lethal as a fact that the
diagnosis of most of patients occurs in the advanced stages

(Mohagheghi et al., 2004; Sajadi et al., 2005; Hajiani et
al., 20006).

In cancer research, determining of prognostic factors
and survival rate of patients is very important aim. In
the previous decades, the data analysts have used a
various survival methods for this aim. In this context,
the traditional survival methods such as Cox regression
modeling or parametric regression modeling are used
for analyzing of survival data sets. However, when we
use this model some underlying assumptions should
be considered (Chia et al., 2002; Lee & Wenyu 2003).
When these assumptions are not satisfactory, we should
utilize other free assumption modeling approaches such
as artificial neural network (ANN).

In this study, we have developed the ANN model to
determine the risk factors of gastric cancer patients.

Materials and Methods

Patients and factors

In this study, we analyzed the data from 436 patients
with stomach cancer who underwent surgery between
2002 and 2007 at the Taleghani Hospital (a referral center
for gastrointestinal cancers), Tehran, Iran. Before surgery,
all patients underwent endosonography, biopsy and
histopathologic examination. This study was conducted
by the Research Center for Gastroenterology and Liver
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Disease of Shahid Beheshti University of Medical
Sciences, Tehran, Iran. In this historical cohort study,
the required information for each patient including age
at diagnosis, sex, familial history, histology type, lymph
nodes metastasis, histopathology of tumor, tumor stage,
metastasis was gathered from his/her registered documents
in the Cancer Archive of Taleghani Hospital. We also
registered the survival time of each patient (in month)
after total or subtotal gastrectomy.

Statistical and Neural Network analysis

In this study, at first, to determine of risk factors and
to predict the survival rate of the patients, we utilized a
Wiebul parametric regression model.

At the second, an ANN model was used. In the ANN
modeling process, we randomly divided the data into two
subsets: 263 patients (nearly 60%) for constructing the
models (training subset) and the remaining (nearly 40%)
for testing the model (as the validation subset). After
evaluating the model, we applied multiple layer perceptron
(MLP) networks to determine important risk factors. In
this context, we use independent variable importance
analysis and by using normalized importance, the risk
factors were determined. In addition, the area of under
receiver operation characteristic (AUROC) curve was
used for comparing the prediction power of the described
models. Note that, in fitting ANN model we used a three-
layer MLP network with 8 variables (17 nodes) in input
layer, 8 nodes in middle layer and one node in output layer.
Because of patient’s status was bi-state (dead or censored),
the logistic transfer function was utilized as the activation
function in middle and output layers. In addition, we have
utilized back-propagation learning algorithm with learning
rate of 0.3 and momentum of 0.9 for learning net.

For the data analysis, we used the SPSS version 16.0
and the S-PLUS 8.0 softwares.

Results

Of the 436 GC patients 161 (36.9%) were died and
others were censored; 315 patients (72.2%) were men
and others were women. The mean+SE and median+SE
of survival times were 32.13+1.48 and 27.50+2.72
respectively.

In the first step of the modeling process, the data was
divided in training (nearly 60% of patients) and testing
(nearly 40% of patients) subsets. The Mantel-Cox test
showed that the estimated survival curves using the
training and testing subsets have no significant difference
(P=0.583). Afterward 468 model of MLP (three-layer) was
fitted for 13 topology based on 6 to 18 nodes in middle
layer, and with 0.8 to 0.95 momentum, and learning rate
0.01 to 0.40. At concluding, the model with eight hidden
node, learning rate of 0.3, and momentum of 0.90 was
preferred as suitable model. For this model, maximum of
sum of square of error prediction was 21.5, AUROC was
0.826 and correct predictions rate was 81.50%.

In the next step, based on validation set, the Weibull
regression and NN models were used to determine the
risk factors. The results were presented in Table 1.

For comparing the accuracy of the models’ prediction,
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Table 1. Weibull and ANN Modeling Results for
Determining the Effect of Prognostic Factors on GC
Patients’ Survival

Weibull Regression ANN Model
Ordered P_value Ordered Normalized
Variables Variables Importance
Lymph node 0.010 Staging 0.217
metastasis
Histopathology ~ 0.084 Lymph node 0.178
of tumor metastasis
Familial history  0.121 Histopathology 0.153

of tumor

Age 0.158 Metastasis 0.143
Metastasis 0.194 Age 0.105
Histology type 0.259 Histology type 0.074
Sex 0.615 Familial history ~ 0.073
Staging 0910 Sex 0.057

Table 2. Classification Accuracy of ANN and Weibull
Models in Testing Subset

Status Observed True prediction True prediction
(No) by ANN No (%) by Weibull No (%)
Dead 62 51 (82.2) 49 (79.0)
Survived 111 92 (82.9) 82 (73.9)
Total 173 143 (82.6) 131 (75.7)

we used true classification (the proportion of patients that
classified correctly in dead and survived groups) of the
patients in the testing subset. The obtained results were
presented in Table 2. As we can see, the ANN model lead
to more accurate predictions compared to the Weibull
model (true prediction of 82.6% vs. 75.7%). The area
under ROC curve, calculated from testing data, for ANN
model was 0.86, and for Weibul model, 0.77.

Discussion

Gastric cancer is the most prevalent malignancy in
Iran and in the world. The main aims of this study were
identifying some of the most prognostic factors of GC
and comparing the ability of Weibull regression and
neural network models in predicting the survival of the
GC patients.

In this study, the Weibul regression analysis showed
that the patients’ survival time was related to lymph node
metastasis, histopathology of tumor, familial history,
age at diagnosis, metastasis, histology type, sex, and
staging respectively. In this analysis, only lymph node
metastasis has had significant relationship with survival
time and this factor with histopathology of tumor have
had more importance. In ANN strategy, staging, lymph
node metastasis, histopathology of tumor, metastasis, age,
histology type, familial history, and sex was respectively
as importance variables. Of these variables, staging, lymph
node metastasis, histopathology of tumor, metastasis, and
age at diagnosis have had more importance. This result
may be throughout interaction terms between variables
that the ANN model is considers it.

Published studies have reported lymph node metastasis
is the most important prognostic factors in patients with
GC (Siewert et al., 1993; Sendler et al., 1995; De Manzoni



Determining of Prognostic Factors in Gastric Cancer Patients Using Artificial Neural Networks

etal., 1996; Siewert et al., 1998; Bonenkamp et al., 1999;
Schroder et al., 2001).

Moreover, other studies have referred to other risk
indicators such as gender, number of involved lymph
nodes, histological type, and type of complementary
treatment, as the significant effective factors for survival
of the GC patients (Ghiandoni et al., 1998; Borie et al.,
2004; Toneri et al., 2006; Liu et al., 2007; Peyre et al.,
2008; Ozgiic et al., 2008).

Lai et al. conducted an ANN-based study for predicting
tumor staging in GC patients. They reported an accuracy
of 81.8% for predicting the tumor stage in primary GC
patients (Lai et al., 2008). In another study in Taiwan,
Chien et al. used the ordinary logistic regression, ANN
and decision tree methods for predicting post-operative
complications of GC patients. Results of their study
indicated that the ANN was better technique for predicting
the post-operative complications compared to logistic
regression and decision tree methods (Chien et al., 2008).
In the present study, we compared the results of Weibull
regression and ANN model in determining important risk
factors and true prediction of GC patients. Our findings
indicate that the ANN is a proper technique for this aim.

In conclusion, use of the ANN model for determining
prognostic factors of GC patients is more efficient than
Weibull regression model. Therefore, this strategy is
suggested to determining the important risk factors of
survival of GC patients.
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