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ABSTRACT

Fuzzy linear regression analysis has become popular among researchers and standard
model in analysing data vagueness phenomena. These models were represented by
five statistical models such as multiple linear regression, fuzzy linear regression
(Tanaka), fuzzy linear regression (Ni), extended fuzzy linear regression under
benchmarking model (Chung) and fuzzy linear regression with symmetric parameter
(Zolfaghari). A case study in colorectal cancer (CRC) data at the general hospital in
Kuala Lumpur was carried out using the five models as mention above. Secondary
data of 180 colorectal cancer patients who received treatment in general hospital
were recorded by nurses and doctors. Twenty five independent variables with
different combination of variable types were considered to find the best models to
predict the size of tumor colorectal cancer. The quality of life among CRC patients
which is to detect the early CRC stage is still very poor, not implemented and
divulged as a nationwide programme. The main objective of this study is to
determine the best model by predicting the size of tumor of CRC. Moreover, this
study wants to identify the factors and symptoms that contribute the size of tumor.
The comparisons among the five models were carried out to find the best model by
using statistical measurements of mean square error (MSE) and root mean square
error (RMSE). The results showed that the fuzzy linear regression with symmetric
parameter (Zolfaghari) was found to be the best model, having the lowest MSE and
RMSE value by 98.21 and 9.91. Hence, the size of tumor could be predicted by

managing twenty five independent variables.
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ABSTRAK

Analisis regresi linear kabur telah menjadi popular di kalangan penyelidik dan
menjadi model yang biasa digunakan di dalam fenomena kabur. Model-model ini
diwakili oleh lima model statistik seperti regresi linear berganda, regresi linear kabur
(Tanaka), regresi linear kabur (Ni), regresi linear kabur lanjutan di bawah model
tanda aras (Chung) dan regresi linear kabur dengan parameter simetri (Zolfaghari).
Satu kajian kes terhadap data kanser usus (CRC) di hospital umum di Kuala Lumpur
menggunakan lima model seperti yang dinyatakan di atas telah dijalankan. Data
sekunder daripada 180 pesakit kanser usus yang menerima rawatan di hospital umum
telah direkodkan oleh jururawat dan doktor. Dua puluh lima pembolehubah tak
bersandar dengan pelbagai jenis kombinasi pemboleh ubah telah digunakan untuk
mencari model yang terbaik untuk menjangkakan saiz tumor. Kualiti hidup pesakit
CRC yang bertujuan untuk mengesan peringkat awal CRC adalah masih sangat
lemah,tidak dilaksanakan dan dihebahkan sebagai satu program di peringkat
kebangsaaan.Objektif utama kajian ini adalah bertujuan untuk menentukan model
yang terbaik dengan meramal saiz tumor bagi pesakit kanser usus (CRC).Tambahan
objektif dalam kajian ini adalah untuk mengenal pasti faktor-faktor dan simptom-
simptom yang boleh menyumbang kepada saiz tumor. Perbandingan di antara lima
model telah dijalankan untuk mencari model terbaik dengan menggunakan ralat
kuasa dua min (MSE) dan ralat punca kuasa dua min (RMSE). Keputusan
menunjukkan bahawa model regresi linear kabur dengan parameter simetri
(Zolfaghari) adalah menjadi model yang terbaik dengan nilai MSE dan RMSE yang
terendah dengan jumlahnya 98.21 dan 9.91. Oleh itu, saiz tumor boleh dijangka oleh

dua puluh lima pembolehubah tak bersandar.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter presents the introduction on research background of regression analysis,
colorectal cancer, history of fuzzy regression, problem statement, research
objectives, scope of study, research contribution and research organization. Lastly, a

brief summary is included at the end of chapter.

1.2 Research background of regression analysis

Regression analysis has become one of the standard models in analysing data. It’s
popularity comes from several sources. The statistical equation is derived obtained
from the analysis which explains the relationship of dependent and independent
variables. It provides much explanatory power, especially due to its multivariate
nature. It is widely available in computer packages and can be easily interpreted. It is
extensively used in applied sciences, economic, engineering, computer, social
sciences and other fields ( Agresti, 1996).

Nonlinear modeling is of interest to many researchers in modeling, statistics,
rather than linear modeling. The obtained functional form should be approximately
close to the real data. If the functional form varies much from the real data, the
estimation will be inconsistent, bias and so on. However, other difficulties may also
arise with non-linearity approach (Rousseeuw et al., 1987). Nowadays, there are
many modeling resulting from the regression analysis, such as multiple regression,
quadratic regression, cubic regression, logit model, probit model, exponential model,

growth model, neural network regression and fuzzy regression.



1.3 Research background of colorectal cancer

Colorectal cancer (CRC) is a term of cancer in the colon and/or rectum. The colon
and rectum are two different parts in the human body which play an important role to
digest food and past waste. Colorectal cancer is one of the commonest diseases
malignancies in the world (Malaysian Oncological Society, 2007). According to
World Health Organization (WHO) (2012), colorectal cancer was the fourth leading
cause of death among cancer patients. The risk of this particular cancer is rising in

many countries, especially in the Asian Region of Malaysia (Yusoff et al., 2012).

Colorectal cancer is the third leading cause of cancer deaths in Malaysia.
According to the data of 2010 from WHO, lung cancer is the highest rated cause of
cancer deaths by 17.93% and followed by breast cancer 15.83% and colorectal
cancers 13.10%. Data from the Ministry of Health of Malaysia showed that in 1995,
colorectal cancer admission rates increased from 8.1% in 1987 to 11.9%. Recent
studies also showed an incremental trend in colorectal cancer among Asian
population (Wendy, 2008 and Radzi, 2008). According to Second Paper of the
National Cancer Registry (2003), there were 14.2% of male and 10.1% of female
colorectal cancer patients were identified in Malaysia. It can be concluded that
colorectal cancer is the commonest cancer among men and the second most common

cancer among women.

At present, cause of CRC is not completely clear. However, it involves many
factors contributing in developing the cancer such as incresing age, lack of nutritions,
family history, body weight and so on. People with colorectal cancer may develop a
number of non-specific symptoms. Symptoms of colorectal cancer typically include
rectal bleeding and anemia which are sometimes associated with weight loss and

changes in bowel habits (Cappell, 2005).

Colorectal cancer can be detected by factors of symptoms or common
symptoms, namely abdominal cramps, a change in your bowels habits, blood in
stools, weight loss, fatigue and loss of appetite. All these symptoms may show their
activation in one month after the colorectal cancer eventuated (Vanagunas, 2011).
According to American Cancer Society (2014), the cancer can be examined by

physical exam test to check for early symptoms. The test includes colonoscopy, fecal


http://en.wikipedia.org/wiki/Lower_gastrointestinal_bleeding
http://en.wikipedia.org/wiki/Anemia

occult blood testing, sigmoidoscopy, biopsy and complete blood count. CRC
includes four stages from an early stage until final stage. Stage I indicates that the
cancer is confined to the inner lining of the colon or rectum. Stage II is cancer
spreads through the wall of the colon or rectum while in stage III, cancer spreads to
nearby lymph nodes and the final stage, IV is cancer spreads to distant parts of the
body, such as liver or lungs (Malaysian Oncological Society, 2007).

European Organisation for Research and Treatment of Cancer (EORTC) in
2014 stated that the colorectal cancer (CRC) is also increasing significantly in other
countries. It is the second most common cancer in the United Kingdom after lung
cancer as well as in the United States of America. More than 50,000 people from
each year dies of colorectal cancer (Jemal et al., 2008). Colorectal cancer is the
leading killer among smokers in the world (Frieden et al., 2002). In the Asian
population, there is a rapid increase in the trend of CRC, where it becomes the most
common cancer among male superseded lung cancer (National Cancer Registry,
2006).

In Asia, screening with faecal occult blood test is a national policy only in
Japan, Taiwan and Korea (Hyodo et al., 2010). Currently, in Malaysia, the awareness
of the importance of CRC screening is very low, especially among the general
population as well as the policy makers resulting in inadequate resources allocation
for faecal occult blood test and colonoscopy. The advances in the treatment of
colorectal cancer and effectiveness of the screening program, especially in the
developed countries resulted increasing number of colorectal cancer survivors. Not
only the disease could be cured but patients can also survive longer with the disease.
Therefore, the paradigm of outcome in colorectal cancer treatment in the past decade
has slowly shifted towards improving the patients’ quality of lives, survival and
disease free survival. This shows that health is related to quality of life and it is one
of the fundamental aspects in colorectal cancer management while survival and
disease free survival remains (Bottomley, 2002).

In Malaysia, about 1 in 15 people develop colon cancer and the mean age for
colorectal cancer is 61 years (range 15 to 95 years) and the majority patients were 50
years and above (National Cancer Patient Registry, 2010). Patients with colorectal
cancer have different pathways of presentation for diagnosis; primary screening,
symptomatic and incidental. Most patients presented symptomatically. The most

common presenting symptom is “diarrhea, constipation, or other change in bowel



habit”, followed by “weight loss” and “abdominal pain”. The rectum was the most
frequent site of the primary tumor followed by sigmoid colon and the rectosigmoid.

Figure 1.1 and Figure 1.2 shows the tumor sites and stages.
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Figure 1.1: Colon cancer and polyp

Figure 1.2: Stages of colorectal cancer




14 Research background on fuzzy regression

A fuzzy regression model is used in evaluating the functional relationship between
the dependent and independent variables in a fuzzy environment. In many cases of
fuzzy regression, the linear regression is recommended for practical situations when
decisions often have to be made on the basis of imprecise and/or partially available
data. Several methods have been presented to estimate fuzzy regression models. At
first, fuzzy regression was developed by Tanaka et al. in year 1982 for linear case by
focusing on extension principle (Taheri, 2003).

Making sense of data is an ongoing task for researchers and professionals in
almost every practical endeavor. The age of information technology, characterized
by a vast array of data, has enormously amplified this quest and made it even more
challenging. Data collection has become the reality of our lives at any time and from
everywhere. It is reported that understanding the data, revealing underlying
phenomena, and visualizing major tendencies are the major undertakings to pursue in
intelligent data analysis (IDA), data mining (DM), and system modeling (Pedryoz,
2005).

Fuzzy regression used in complex systems such as in industry, economy,
finance, marketing, and ecology function in the real world and it is more imprecision.
Such systems require decisions based on human thinking and judgmental and involve
human-machine interactions. In such environments, human often not able to obtain
exact numerical data about the system. The nature of information about the complex
systems with vagueness is frequently fuzzy. In general, fuzzy regression seems to be
intuitively more adequate for real life problems. Therefore, fuzzy regression analysis
is more effective for modeling of complex systems. The pioneering work in this field
reported that the authors used Zadeh’s extension principle, a-level procedure, interval
arithmetic, and linear programming techniques to develop a fuzzy linear regression
analysis. Minimization of these distances in the fuzzy number space with respect to
the unknown parameters of regression models leads to solving systems of equations

(Aliev et al., 2002).



1.5 Problem statement

This research is carried out to detect size of the tumor of colorectal cancer which are
in stage I and stage II in Malaysia. There are several studies about colorectal cancer
(Varela, 2010). However, solutions for early stage detection is still not found.

In Malaysia, only a few studies were done to access the quality of life among
CRC patients. Natrah (2012) conducted a study to determine the quality of life in
CRC patients, especially those under treatment. The respondents in this study were
mainly from stage III and IV, which are considered the tumor size in final stages of
the disease and no respondents were from stage I and II from the public tertiary level
general hospitals. This finding shows that the awareness of tumor size of colorectal
cancer screening in Malaysia to detect the early stage of CRC is still very poor and
not implemented as a nation’s wide program. This correlates with findings from a
study made by Kong et al. (2010), where it claimed that it is close to zero awareness
of CRC screening tumor size among general population.

People, whose family members have colorectal cancer, especially at an old
age, have a higher risk of developing this disease. A woman who has had cancer of
the ovary, uterus or breast is more likely to develop colorectal cancer. Many people
do not know about the CRC program and also there are people who know that they
are having the symptoms of CRC but refuse to go for screening. For the screening
program to be effective, an “at-risk” population has to be identified. The incidence of
colorectal cancer increases exponentially with age and current figures from the
developed world show that 90% of cases arise from those aged over 50 years old. In
developed nations, the condition is thus too rare below the age of 50 years old to
make screening test (Bennet, 1996).

In fuzzy linear regression, there are important models such as fuzzy
regression and multiple linear regressions. Both models are usually used by
researchers with continuous dependent data. Fuzzy linear regression models were
focused to get the factors and symptoms that give influence to tumor size and to get
the less error of model. Recently, researchers are interested to get small value of
error in analysis by using fuzzy models (Saifullah et al., 2012). Hence, fuzzy linear

regression is the effective model to adopt in this study based on previous research.



1.6  Research objectives

This research is an attempt to find the most appropriate colorectal cancer model in
order to predict the size of tumor among CRC patients. The specific objectives of this

study are detailed as below:

(1) To apply the existing latest model of fuzzy linear regression with symmetric
parameter in order to identify the factors and symptoms of CRC patients.

(i1) To apply the existing models which are multiple linear regression, fuzzy
linear regression (Tanaka), fuzzy linear regression (Ni), and extended fuzzy
linear regression by benchmarking models under fuzziness (Chung) in order
to identify the factors and symptoms of CRC patients.

(ii1))  To make comparison among the linear regression models as mention above in
order to find the best model for predicting tumor size in colorectal cancer.

(iv)  To identify the factors and symptoms that give most significant influence to

the colorectal cancer.



1.7  The scope of the study

The scope of the study will discuss about two sections which are the scope of the

data and followed by the scope for the model.

1.7.1 Data scope

This study used secondary data obtained from the general hospital in Kuala Lumpur.
This data consists of 180 patients as respondents for colon cancer. It was recorded by
nurses and doctors using cluster sampling. Dependent variable or outcome is the size
of tumor. Actually, there were twenty five independent variables which are gender,
ethnic, age, classification of diseases and related health problems (icd10), tumor
nodes metastases (TNM) staging, family history of colon cancer, diabetes mellitus,
crohn's disease, ulcerative colitis, polyp, history of cancer, endometrial, gastric, small
bowel, hepatobiliary, urinary tract, ovarian, other cancer, intestinal obstruction,
colorectal, weight loss, diarrhea, anaemia, blood stool and abdominal pain.

The range value size of the investigated tumor is 20mm till 100mm. The
patient’s feedback on colorectal cancer was interviewed face to face by doctors and
the answers were obtained immediately. The questions covered twenty four variables
except for TNM staging.

Stage of colorectal cancer focuses on how big the cancer is and whether it is
spread in the bowel of human body from polyp. Doctors and nurses used test and
scanned to determine the stage of colon cancer faced by the patients. TNM stands for
tumor, node and metastases. This way is widely used by medical cancer fields in the
world. TNM describes the size of a primary tumor (T), any lymph contain cancer
cells (N) and the spread of cancer to another part of body (M).

There are four stages in a primary tumor (T) which classified as,T1: tumor is
only in the inner layer of the bowel,T2: the tumor is grown into the muscle layer of
the bowel wall, T3: the tumor is grown into the outer lining of the bowel wall, T4:
the tumor is grown through the outer lining of the bowel wall. While, three possible
stages for lymph contain cancer cells identified in the lymph nodes (N). They are
categorized as NO: there are no lymph nodes containing cancer cells, N1:1 to 3
lymph nodes close to the bowel contains cancer cells, N2: there are cancer cells in 4

or more nearby lymph nodes. Furthermore, there are two stages of cancer spread (M)


http://www.cancerresearchuk.org/cancer-help/about-cancer/what-is-cancer/body/the-lymphatic-system#nodes
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