
 

 

 

          Generalize Linear Models for Analyzing Breast Cancer Grades among Patients in 

 The Kingdom of Saudi Arabia 

  

A THESIS 

SUBMITTED TO THE GRADUATE SCHOOL 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF MASTER OF SCIENCE 

BY 

Sarah Abdulrahman Alessa  

DR. MUNNI BEGUM-ADVISOR 

 

BALL STATE UNIVERSITY 

MUNCIE, INDIANA 

DECEMBER 2016



 

ii 
 

Generalize Linear Models for Analyzing Breast Cancer Grades among Patients in 

 The Kingdom of Saudi Arabia 

 

 

A THESIS 

SUBMITTED TO THE GRADUATE SCHOOL 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF MASTER OF SCIENCE 

BY 

SARAH ABDULRAHMAN ALESSA 

Committee Approval: 

_________________________   ___________________________ 

Committee Chairperson    Date 

_________________________   ___________________________ 

Committee Member     Date 

_________________________   ___________________________ 

Committee Member     Date 

 

Departmental Approval: 

_________________________   ___________________________ 

Departmental Chairperson    Date 

_________________________   ___________________________ 

Dean of Graduate School    Date 

 

BALL STATE UNIVERSITY 

MUNCIE, INDIANA 

DECEMBER 2016



 

iii 
 

 

 

 

 

Dedicated  

To 

My parents 

& 

My husband



 

iv 
 

 

 

ACKNOWLEDEGEMNT 

 

First of all, I want to thank Almighty ALLAH for giving me the power and the ability to 

complete and understand my thesis. It is my pleasure to express my heartfelt thanks and gratitude 

to my advisor Dr. Munni Begum for her prudent guidance throughout the research work. Her 

insightful thoughts helped me a lot to accomplish my thesis in time. I am indebted to the 

committee members, Dr. Rebecca Pierce and Dr. Xiao Yayuan, for their generous support 

throughout the work.  I would also like to take the opportunity to thank the faculty and staff of 

the Department of Mathematical Sciences for their all-out support during my attachment in the 

department. 

Furthermore, I express my gratitude to my parents and my grandmother for encouraging 

me to pass my obstacles in my educational life in this different country and different culture. It 

was not easy for me, but because of them, I could absolutely achieve my goals.  

A successful project is coming from someone who gave his time and effort to support 

you. My husband, Saleh Alrubayyi, is the main person who gave me the confidence and pushed 

me forward to have great work in this thesis. Also, he was taking care of my son when I was 

writing my thesis and during my study.  

Also, I would like to thank all my family for encouraging me and giving me power to 

complete my education. 

I also admire my friends in the United States for giving me space to do this job 

successfully. Without their help, it would be absolutely impossible.



 

v 
 

Contents 

 

   

Page 

No. 

1 Introduction 1 

 

1.1  Background of the study 1 

1.2 Objectives of the study 3 

1.3 Organization of the study 4 

2 Methodology 5 

 

2.1 Introduction 5 

2.2  Data source 5 

2.3 Data and Variable Description 6 

2.4  Data Cleaning 8 

2.5 Statistical Analysis 9 

 

      2.5.1 Univariate Analysis 9 

      2.5.2 Bi-variate Analysis 9 

      2.5.3 Multivariate Analysis 10 

2.6   Models for multinomial responses 12 

 

      2.6.1 Multiple Logistic Regression 12 

      2.6.2 Ordinal Logistic Regression 13 

2.7 Statistical Packages 15 

     

3 Results: Univariate & Bivariate Analysis 16 

 

3.1 Introduction 16 

3.2 Univariate Analysis 17 

3.3 Bivariate Analysis 25 

4 Result: Multivariate Analysis 31 

 

4.1  Introduction 31 

4.2 Multinomial logistic regression Analysis 31 

4.3 Ordinal logistic regression Analysis 36 

4.4 Conclusion 41 

5 Conclusion  42 

  

 



 

vi 
 

List of Tables  

 

 

         Page No. 

3.1 Grade distribution of Breast cancer patients 17 

3.2 Sex distribution of Breast cancer patients 18 

3.3 Laterality distribution of Breast cancer patients 19 

3.4 Basis of diagnosis of Breast cancer patients in Saudi 

Arabia  

21 

3.5 Topographic distribution of breast cancer in Saudi Arabia  22  

3.6 Extent distribution of breast cancer in Saudi Arabia 23 

3.7 Pairwise mean difference table along with 95% CI 28 

3.8 Results of Chi-square test  30  

 

4.1 Table of AIC values for Multinomial Logistic competing 32 

4.2 Summary statistics from the selected Multinomial Logistic 

Regression Model 

33 

4.3 Table for assessing the proportional odds assumption   37 

4.4 Table of AIC values for Ordinal Logistic competing 

models    

38 

4.5 Summary statistics from the selected Ordinal Logistic 

Regression Model 

40 

 

 

  



 

vii 
 

List of Figures 

 

 

 Page No. 

3.1 Grade distribution of breast cancer in Saudi Arabia 18 

3.2 Laterality-wise distribution of breast cancer in Saudi 

Arabia 

19 

3.3 Region(city) distribution of breast cancer in Saudi Arabia 20 

3.4 Basis of diagnosis of Breast cancer patients in Saudi 

Arabia  

21 

3.5 Topographic distribution of breast cancer in Saudi Arabia 22 

3.6 Extent distribution of breast cancer in Saudi Arabia 23 

3.7 Distribution of Age of the breast cancer in Saudi Arabia 24 

3.8 Normal Probability plot (P-P) of Age of the breast cancer 

in Saudi Arabia 

25 

3.9 Box-plot for Grade and Age of the breast cancer patients 

in Saudi Arabia 

26 

3.10 Mean-plot for Grade and Age of the breast cancer 

patients in Saudi Arabia 

27 

3.11 Confidence interval plot for pairwise differences of mean 

ages of the breast cancer grades 

29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii 
 

ABSTRACT 

THESIS: Generalized Linear Models for Analyzing Breast Cancer Grades among Patients 

in the Kingdom of Saudi Arabia 

 

STUDENT: Sarah Abdulrahman Alessa 

DEGREE: Master of Science 

COLLEGE: Science and Humanities 

DATE: December 2016 

PAGES: 65 

 Available literature suggests that research in breast cancer has been done from different 

points of view such as finding relationship between breast cancer and demographic, socio-

cultural, and socio-economic variables. However, fitting statistical models by considering both 

internal (such as topography, extent, laterality, behavior of breast cancer) and external (age, sex, 

and region) is quite rare. Furthermore, there has not been any exploration with Saudi breast 

cancer data so far. In this thesis, we developed a statistical model that best describes the breast 

cancer grades among patients in Saudi Arabia using information obtained from Saudi Cancer 

Registry. In addition, our interest was to have a better insight of breast cancer in Saudi Arabia 

with respect to the variables under study.  

 The study analyzed over eight thousand breast cancer cases (with complete information 

for all subjects) obtained from Saudi Cancer Registry covering the period January 2001 to July 

2014. Frequency tables, graphs and some descriptive statistics for the study variables are 

presented as a part of exploratory analysis. Pairwise association of breast cancer grades and other 

prospective risk factors is examined by Chi-square tests of association. Two-sample t test is used 

to check if there is any difference in Ages on average by patients’ gender status. To compare 

ages across grade we applied a one-way ANOVA.  As a part of multivariate analysis, a 
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multinomial logistic model and an ordinal logistic regression model are developed with breast 

cancer grade as the response variable and the available demographic and other factors as 

predictor variables.  

 Our study shows that breast cancer grades significantly differ across Extent, City 

(Region), Laterality and Topography individually. The odds ratios (ORs) for comparing the 

grades across significant predictors’ levels are computed from the best fitted ordinal regression 

model. Patients with higher breast cancer grades (II –IV) in the cities Baha, Jazan, Jouf, Najran, 

Northern and Taluk are not significantly different than the patients in city Asir while compared 

with grade I.  Odds of being in higher breast cancer grades (II-IV) for the cities Eastern, Hail, 

Madinah, Makkah, Qassim and Riyadh are significantly lower than the patients in city Asir as 

compared to patients in lower grade. The odds of being in higher breast cancer grades (II-IV) for 

the Central Portion of breast is 0.65 times Nipple compared to lower grade and is statistically 

significant. The other categories of Topography seem to have no significant impact on explaining 

grades of breast cancer. The odds of being in higher breast cancer grades (II-IV) are significantly 

lower for the Extent categories as compared to Distant Metastasis.
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Chapter1 

Introduction 

1.1  Background of the study 

 Breast cancer is a heterogeneous disease with a wide range of clinical, pathological, and 

molecular features.  On the basis of gene expression profiling studies, at least 4 different types of 

breast cancer have been detected such as luminal A, luminal B, human epidermal growth factor 

receptor 2 (HER2) overexpressing, and basal-like [1]. The causes of breast cancer are still 

unknown. However, some factors may influence the occurrence of breast cancer such as age, 

gender, family history, race and various environmental factors. While there is no way to prevent 

breast cancer, by controlling the risk factors the incidence as well as prevalence of breast cancer 

cases may be reduced [2].  

 In the globe, breast cancer is the most common cancer among women with an estimated 

1.67 million incidences in 2012. It is the predominant cause of women mortality worldwide [3]. 

According to the National Cancer Institute (NIH), in 2016, there was an estimated 246,660 new 

breast cancer cases in the USA which is 14.6% of all types of new cancer cases. In the same 

year, the estimated death rate from breast cancer cases is 40,450, which constitutes 6.8% of the 

total cancer deaths in the USA [4] 

Depending on the geographical differences, the incidences of mortality of breast cancer 

varies widely [1].  It is reported that an increase in breast cancer incidences and a decrease in 

mortality happen in the same time in the most high-income countries, while the countries 
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undergoing rapid changes in human development are increasing both incidences and mortality. 

This trend has been observed for the last 30 years. This could be resultant of increased 

association of risk factors with economic development and urbanization such as less physical 

activity and obesity, changes in reproductive patterns, shorter duration of breastfeeding, earlier 

age at menarche, as well as healthcare access and increased detection through screening [5]. 

Like other countries, breast cancer is the most common cancer in Saudi women which is 

27.4% of all cancer recorded cases. During the last 10 years the number diagnosed cases 

increased by approximately 2.5 times (from 602 in 2000 to 1473 in 2010). During the above 

noted period, the age specific incidences increased from 13.5 to 24.9 per 100,000 women. Breast 

cancer death is the leading cause of cancer deaths in women and is 18% of all cancer deaths in 

Saudi women with an age-standardized mortality of 9.1/100,000 [6].  

As compared to western countries, breast cancer in Saudi Arabia is diagnosed at 

advanced stages [7].  Another study also reported a similar result that, unlike western countries 

where breast cancer is diagnosed in older age groups, in Saudi Arabia and other Arab countries it 

is diagnosed at younger ages (49–52 vs. 63 years) and at advanced stages [8].  

 

While compared to the US, where females <50 years constitute 30 % of the population, in 

Saudi Arabia females <50 years represent more than 90 % of the population and this could 

reflect the younger age at presentation in Saudi Arabia [9]. The advanced stage at diagnosis 

among Saudi women may be due to their very low screening rates [10]. Moreover, other 

sociocultural and economic factors including limited breast cancer awareness has been 

associated with the delayed presentation of breast cancer [11].  
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The available literature depicts that studies are mostly done on the external risk factors of 

women who have breast cancer while ignoring the internal factors like extent, laterality, 

morphology, topography and sex. This study intends to unveil the insights of those variables 

related to breast cancer and examine the impacts on grades of breast cancer. 

  For this study, breast cancer data has been collected from the Saudi Cancer Registry which 

is responsible for collecting and disseminating data on cancer. They collect data from all over the 

country through office and hospital outlets. They have provided data on patient’s age at 

diagnosis, date of birth, data of diagnosis, last data of contact, city, extent, morphology, 

topography, laterality, and status of the patient at the time of last contact and cause of death. In 

this study we have analysed these predictors to provide exact information on breast cancer. 

 

1.2  Objectives of the study   

This study intends to understand the breast cancer scenario prevailing in Saudi Arabia. The 

main objective of the research is to fit a model that best describes Grades of breast cancer in 

relation to the available predictors in the data set. 

The specific objectives are:  

(1) To examine the distribution of breast cancer with respect to the characteristics such as 

Grade, Extent, City, Laterality, Morphology, Status (dead or alive at the time of last 

contact), Behavior, Sex and Age.  

(2) To examine the relationship between Grade with each of the variables of interest 

namely Extent, City, Laterality, Morphology, Status (dead or alive at the time of last 

contact), Behavior, Sex and Age respectively. 
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1.3 Organization of the study 

The first chapter of the thesis describes the rationale of the study and objectives. The 

second chapter deals with the methodology along with description of statistical tools used for the 

study. Univariate and bivariate analysis results have been presented in chapter 3. Chapter 4 

includes multivariate model fitting and result discussions. The final chapter concludes the study 

followed by a bibliography. In the appendix, the programming code has been presented. 
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Chapter 2 

Methodology 

2.1 Introduction 

Methodology refers to the systematic steps followed by a researcher when conducting a 

research study. The main focus of this study is to explore different grades of breast cancer cases 

in the Kingdom of Saudi Arabia (KSA). In order to achieve our research objective, we 

considered breast cancer data from KSA. In this chapter we present the methodology for 

addressing our research questions. More specifically, this chapter presents a description of the 

data source, the data collection process, graphical and numerical description of all the variables 

considered for our analysis, statistical analysis (univariate, bi-variate and multivariate) and a 

brief discussion of statistics models.  

    

2.2 Data Source  

This study uses secondary data collected from the Saudi Cancer Registry (SCR) officials 

via personal contact. They have provided a customized Excel data file of breast cancer data [12]. 

The SCR is a population-based registry established in 1992 under the Ministry of Health (MOH) 

Saudi Arabia and it was moved to the Saudi Health Council under the Department of National 

Registries 2014 [13]. The SCR is entitled to define the population-based incidences of cancer in 

Saudi Arabia. In addition, it is entrusted with the support of early detection and screening of 

cancer cases, as well as cancer research projects through providing authentic cancer data. Five 
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hospital based offices and five regional branches are responsible for ensuring comprehensive 

cancer data collection from all over the country. The SCR supervises the regional offices to 

ensure accuracy and quality of data. The quality control process includes verification of site, 

morphology and staging information along with case linkage (tumor and patient) and 

accumulation of the data.  In Saudi Arabia, cancer is categorized as a mandatory notifiable 

disease. Cancer data is extracted from a patient’s medical record, clinic and /or a histo-

pathological diagnosis by SCR trained cancer registrars. Data collection is continuous for each 

follow-up of the patients since the diagnosis of the disease. The data shows that the first case was 

diagnosed in January 2001 and latest date of contact is July 2014.      

 

2.3 Data and Variable Description 

The original data set contains information from 11,916 subjects (cancer patients) on sex, 

age, address code (city), diagnosis date, topography, morphology, behavior, grade, extent, 

laterality, basis of diagnosis, last date of contact, status and causes of death (if the patient has 

died since his/her last contact).  One of our research objectives was to observe the impact of sex, 

age, region (city), topography, morphology, extent and laterality on grade of the breast cancer 

individually and jointly. That is why the grade of breast cancer is treated as the response variable 

and the rest are predictors. We want to see how the internal factors (topography, morphology, 

behavior, extent and laterality) as well as external factors (sex, age, and region) interact with the 

grade of the diseases. Among the variables, age is the only quantitative variable and the rest are 

categorical. Some of the variables in the data set are self-explanatory, those that have special 

meaning are discussed below. 
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The address code consists of major cities in Saudi Arabia namely Asir, Eastern (a couple 

of Eastern cities combined), Baha, Hail, Jazan, Jouf, Madianh, Makka, Najran, Northern (a 

couple of Northern cities combined), Qassim, Riyadh, Tabuk, some other unknown cities, and 

patients from cities outside of KSA (International). Diagnosis date is the calendar date on which 

the patient was first diagnosed as a cancer case. The primary site (topography) and histology 

(morphology) of the malignancies are identified and coded in accordance with the Classification 

of Diseases for Oncology 3
rd

 Edition  (ICD-O- 3) [13,14]. The topography variable in the data 

includes the categories nipple, central portion of breast, upper-inner quadrant of breast, lower-

inner quadrant of breast, upper-outer quadrant of breast, lower-outer quadrant of breast, auxiliary 

tail of breast, and overlapping lesion of breast and Breast: NOS (NOS=Not Otherwise Specified). 

The high frequency categories of morphology (usually refers to the shape of carcinoma) in this 

data set are infiltrating duct carcinoma (NOS), lobular carcinoma (NOS), carcinoma, infiltrating 

duct and lobular carcinoma, infiltrating duct mixed with another type and medullary carcinoma. 

There are also some rare categories of morphology that remain in the data set. Behavior of 

carcinoma may be classified as invasive (infiltrating) and in situ (noninvasive, 15-20% of all 

breast cancers, stage 0) [15]. In this data set, all cases were reported as malignant (invasive).     

After determining the cell as a cancer cell the pathologist confers a pathological grade to 

a tumor in accordance with the aggressiveness of the tissue depicted under the microscope. 

Tumor grades can be represented in words or by a number [15]. The categories are noted in the 

data set as well differentiated (grade I), moderately differentiated (grade II), poorly differentiated 

(grade III), or undifferentiated (grade IV). When tumors are graded by number (I through IV), a 

grade I tumor has a better natural history than a grade IV tumor.  
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The extent of the disease is usually determined by lymphatic spread and hematogenous 

spread. The primary sites of Lymphatic Spread are distant lymph nodes (supraclavicular, 

cervical, contralateral internal mammary, occasionally contralateral axillary), on the other hand 

for Hematogenous Spread the sites are bone, liver, and brain. However, in this data set, the grade 

categories of extent are distant metastasis, localized, regional NOS, regional direct extension and 

regional lymph node.  

Laterality refers to the occurrence of cancer at which breast. In this data, the categories of 

laterality are bilateral involve, left, right, paired site (late) and not paired (unknown). Basis of 

diagnosis refers to how the diagnosis was performed for identifying a cancer patient and the 

variants are summarized as cytology/hematological, DCO (death certificate), history of 

metastases, primary histology and medical Imaging (X-ray, Ultrasound). Status reveals whether a 

patient was alive or dead at time of last contact. 

 

2.4 Data Cleaning  

In the initial data set, there were plenty of missing, miscoded and unknown information 

for the variables of interest. Although there are some sophisticated statistical methods to handle 

missing cases in literature, such as single imputation, multiple imputation (MCMC method), 

likelihood methods (observed likelihood method), and Bayesian analysis (EM-algorithm) [16], 

we used only complete case analysis. The rationale of using complete case analysis is that our 

data set is relatively large even after discarding the ambiguous observations. Therefore, the clean 

data set contains information on 8,535 subjects (patients).   
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2.5 Statistical Analysis 

The main objective of the research is to fit a model that best describe the grades of breast 

cancer cases in Saudi Arabia and to examine how the predictors of interest interact with the 

grade of breast cancer jointly. The other specific objectives are (i) to examine the distribution of 

breast cancer in Saudi Arabia with respect to the study variables, and (ii) to observe the 

association between breast cancer grades and each of the study variables respectively. In order to 

find the answer of the above questions, we have performed an exploratory analysis of the data 

which eventually covers the univariate and bivariate analysis. For model fitting we have done 

multivariate analysis. Details of our analysis are presented below. 

2.5.1 Univariate Analysis 

In order to have a clear glimpse of the study variables, we have constructed frequency 

tables consisting of the percentages of the respective categories of the categorical variables: Sex, 

Grade, Address code (city), Topography, Extent, Laterality, Basis Diagnosis, Status and Death 

Causes. Descriptive statistics for Age (the only continuous variable) are calculated. Histogram 

for age distribution, bar chart for region, laterality, basis diagnosis and extent, pie-chart for 

distribution of grade, side by side box-plot and mean plot for comparing ages across grade and 

confidence interval plot for mean ages in different grades were constructed for graphical 

illustration.  MS Excel was used to generate bar charts and pie-charts. 

2.5.2 Bi-variate Analysis  

In the bi-variate analysis part, we have performed Chi-square tests to assess the 

association between grade and other categorical variables of interest. In order to consider the 
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effect of age, we calculated differences of mean ages by sex and status respectively using 

independent samples t-test. One-way ANOVA is performed to check where the mean ages of the 

patients differ with respect to the grades of the disease. Tukey test was used as a post-hoc test to 

identify which pairs of mean ages are different from each other. 

One of the critical assumptions of t-test and ANOVA is that data must follow normality. 

We checked normality using a histogram with a normal curve and P-P (Normal probability plot). 

We also test normality by using the Anderson-Darling test. Graphical methods show that age 

data follows normality while Anderson-Darling test doesn’t. That is why the non-parametric 

Kruskall Wallis test was also performed in addition to the parametric ANOVA for age and 

grades of breast cancer. 

2.5.3 Multivariate Analysis  

Multivariate analysis is conducted in two stages: (1) fitting multinomial logistic 

regression models and (2) fitting cumulative logit models with proportional odds property which 

is also called ordinal logistic regression. In fitting multinomial logistic regression, we consider 

Grade of breast cancer as our response variable, which has four categories: Grade I, Grade II, 

Grade III and Grade IV. Grade I is considered a reference category. Our objective is to include 

those predictor variables in the final model that were found to be significant in bi-variate analysis 

at 5% level of significance. The predictors that were significant in bivariate analysis are City, 

Topography, Extent and Laterality. We considered every possible combination of predictors in 

model fitting. We used Akaike Information Criterion (AIC) value as a measure of model 

comparison. The model with lowest AIC is considered as the best model among the competing 

models.    
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It is intuitive that there exists a natural order among the grades of breast cancer as the 

grades are defined clinically from the point of how severe the status of breast cancer case is. 

Severity of the disease increases from Grade I to Grade IV. Therefore, it was our thought that the 

ordinal logistic regression model may be an alternative way to explain the Grades with respect to 

the predictors at hand. We checked the proportional odds assumption (described below) and 

found that it is approximately satisfied. Therefore, ordinal logistic regression models are also 

considered and compared with results obtained from multinomial logistic regression models. 

The assumption behind using ordinal logistic regression is that each pair of outcome 

group (Grade I – Grade II, Grade I – Grade III, Grade I – Grade IV, Grade II – Grade III, Grade 

II – Grade IV, Grade III – Grade IV) possesses the same relationship. That is the coefficients that 

describe the association between the lowest category and all higher categories are the same as the 

coefficient that describe the association between the next lowest category and all higher 

categories of the response variable. This assumption is referred to as proportional odds 

assumption or parallel regression assumption. In other words, all the slope coefficients are the 

same for each logit model [17] 

Therefore, before applying ordinal logistic regression we have checked whether the 

proportional odds assumption is satisfied or not. We used polr command from MASS package in 

R computational environment and Hmisc library to estimate ordinal logistic regression model 

[17, 18]. 

In order to check the proportional assumption we have produced a difference table by 

which we can roughly assess the assumption.  The code contains two steps (the first step includes 

multiple lines) and is used to produce graph to test the proportional odds assumption [19] 
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Let Y denote the response variable Grade with four categories: 1, 2, 3, 4, where 1 

represents Grade I, where 2 represents Grade II, where 3 represents Grade III and where 4 

represents Grade IV.  If the difference between predicted logits for different levels of a covariate, 

say Sex = 0 and Sex=1, is/are the same for the outcomes y>= 2, y>= 3 and y>=4, then it can be 

concluded that the proportional odds assumption satisfies. From the table for the differences 

(shown in result chapter: 4) produced by the above procedure for our data we came to a 

conclusion that proportional odds assumption holds roughly (R-code to be attached in 

Appendix).  

 

2.6 Models for multinomial responses 

In this section we present a brief theoretical review of the models for multinomial 

responses.  By fitting these models to our breast cancer data, we measure the relative odds of 

having different grades of the diseases.  For the model description part, we have followed the text 

book by Alan Agresti [20] 

2.6.1 Multiple Logistic Regression 

Let J be the number of categories for 𝑌, the response variable, and 𝜋1, … . , 𝜋𝑗  denote the 

probabilities that response categories belong to 1, …. ,J categories respectively, which satisfy the 

condition ∑𝜋𝑖 = 1. With 𝑛 independent observations, the number of outcomes of the J types 

follows multinomial distribution. Multinomial logit models use all pairs of categories 

simultaneously by specifying the odds of an outcome in one category with respect to another. In 

this model, it is assumed that the response categories are not ordered. Multinomial logistic 
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regression compares each pair of categories with a base line category. In our data, Grade I 

representing well differentiated is to be considered as a baseline category (reference category). 

Then the baseline category logits are: 

log (
𝜋𝑗

𝜋1
) , 𝑗 = 2,3, … , 𝐽  (1) 

Given that the response falls in category 1, the expression in (1) is the log odds that the 

response belongs to 𝐽. For our category response variable Grade, we can define the log odds as: 

log (
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑔𝑟𝑎𝑑𝑒 𝐼𝐼 = 𝜋2

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑔𝑟𝑎𝑑𝑒 𝐼 = 𝜋1
) 

log (
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑔𝑟𝑎𝑑𝑒 𝐼𝐼𝐼 = 𝜋3

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑔𝑟𝑎𝑑𝑒 𝐼 = 𝜋1
) 

log (
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑔𝑟𝑎𝑑𝑒 𝐼𝑉 = 𝜋4

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑔𝑟𝑎𝑑𝑒 𝐼 = 𝜋1
) 

With the predictors/covariates the model can be defined as:  

log (
𝜋𝑗

𝜋1
) = 𝛽0𝑗 + ∑𝛽𝑖𝑗𝑋𝑖 , 𝑖 = 1, … , 𝑝 ; 𝑗 = 1,2, … , 𝐽 

2.6.2 Ordinal Logistic Regression 

It is assumed that responses are collected and reported as ordered categories. Models for 

ordered categorical data are often more powerful than models for general multinomial data as 

multinomial logistic model ignore the inherent order of the responses.  It is legitimate to think 

that there is an underlying continuous latent variable that leads to the categorization of the 
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response categories. For example, grade of the disease is categorized based on the severity of the 

diseases where severity is the latent continuous variable. 

 In mathematical notation, let us define 𝑍𝑖 as a continuous random variable, 𝑖 = 1,2, … , 𝑛 

and 𝜋𝑖𝑗 as the probability of response 𝑗, 𝑗 = 1,2,3, … , 𝐽 for predictor category 𝑖. Then, the cut-

points of the distribution of 𝑍𝑖, are 𝐶𝑖1, 𝐶𝑖2, … , 𝐶𝑖,𝑗−1 for each 𝑖 is defined by  

𝑃(𝑍𝑖 ≤ 𝐶𝑖1) = 𝜋𝑖1 

𝑃(𝐶𝑖,𝑗−1 < 𝑍𝑖 ≤ 𝐶𝑖𝑗) = 𝜋𝑖𝑗 , 𝑗 = 2, … , 𝐽 

𝑃(𝑍𝑖 > 𝐶𝑖𝑗−1) = 𝜋𝑖𝐽 

Thus, it can be thought that response categories correspond to a collection of thresholds 

of 𝑍𝑖 . In order to model ordinal data, we consider the cumulative probabilities, 

𝜋𝑖𝑘
∗ = ∑ 𝜋𝑖𝑗 , 𝑘 = 1,2, . . , 𝐽 − 1; 𝑤ℎ𝑒𝑟𝑒 

𝑘

𝑗=1

𝜋𝑖𝑗
∗ > 𝜋𝑖,𝑗−1

∗  

 Then the cumulative logit model is defined by:  

log(
𝜋𝑖1 + ⋯ + 𝜋𝑖𝑗

𝜋𝑖,𝑗+1 + ⋯ + 𝜋𝑖𝐽
) = 𝛽0𝑗 − 𝛽1𝑗𝑥𝑖1 − ⋯ − 𝛽𝑝−1𝑥𝑖,𝑝−1 

               log(
𝜋𝑖𝑗∗

1−𝜋𝑖𝑗∗
) = 𝛽0𝑗 − 𝛽1𝑗𝑥𝑖1 − ⋯ − 𝛽𝑝−1𝑥𝑖,𝑝−1 (2) 

Here, signs of coefficients are negative in order to be consistent with model specification used by 

R.  
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For simplicity we can rewrite model (1) as 

𝑙𝑛 (
𝑃𝑟(𝑒𝑣𝑒𝑛𝑡)

1 − 𝑃𝑟(𝑒𝑣𝑒𝑛𝑡)
) = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + ⋯ + 𝛽𝑘𝑋𝑘 

It is worthwhile to mention here that, in ordinal regression, the probability of event is 

redefined in terms of cumulative probabilities [21]. Then the models for our data can be 

expressed as: 

𝑙𝑛 (
𝑃𝑟(𝐺𝑟𝑎𝑑𝑒𝐼)

1 − 𝑃𝑟(𝐺𝑟𝑎𝑑𝑒𝐼)
) = 𝛽0 + β1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + ⋯ + 𝛽𝑘𝑋𝑘 

𝑙𝑛 (
𝑃𝑟(𝐺𝑟𝑎𝑑𝑒𝐼𝐼)

1 − 𝑃𝑟(𝐺𝑟𝑎𝑑𝑒𝐼𝐼)
) = 𝛽0 + β1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + ⋯ + 𝛽𝑘𝑋𝑘 

𝑙𝑛 (
𝑃𝑟(𝐺𝑟𝑎𝑑𝑒𝐼𝐼𝐼)

1 − 𝑃𝑟(𝐺𝑟𝑎𝑑𝑒𝐼𝐼𝐼)
) = 𝛽0 + β1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + ⋯ + 𝛽𝑘𝑋𝑘 

 

2.7 Statistical Packages 

 For data analysis, we used R-studio and the required R packages were foreign, nortest, 

ggplot2, MASS, Hmisc and reshape. Excel was used to produce the graphs.     
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Chapter 3 

Results: Univariate And Bivariate Analysis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 

3.1 Introduction 

This chapter includes summary results of our analysis of the breast cancer data from 

Saudi Arabia. In the univariate data analysis section, we performed some exploratory analysis 

that includes frequency tables and graphs of the selected categorical variables and descriptive 

statistics for age, the only quantitative variable in the study data. The bi-variate analysis section 

includes examining the association between the response variable (Grade of breast cancer) and 

each of the selected predictors respectively. Chi-square test has been performed in this regard. 

We also paid attention to the question: How does age interact with the sex and grade of the 

disease for the breast cancer cases? In order to explore the answer of the question we applied t-

test and one-way ANOVA, respectively. 

 The original data set provided by the cancer registry of Saudi Arabia contains 

information on 11,916 breast cancer patients, among them 98.36% were female. The mean age of 

the patients was 49.54 years with a standard deviation of 21.98 and a minimum age of 10 years. 

As it was mentioned previously, the original data set contains a large number of missing, 

miscoded or unknown information on one or more variables of interest. We have deleted those. 

Thus, the analysis data set contains complete information on 8,535 breast cancer patients. 
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3.2 Univariate Analysis 

In the univariate analysis part, we are presenting frequency tables for grade, sex, 

laterality, basis of diagnosis, status and cause of death of the patients. Graphical illustrations of 

regional, grade, topographic and extent distributions of the patients are also presented. 

Table 3.1: Grade distribution of Breast cancer patients 

Grade Frequency Percent 

Grade I (Well diff) 642 7.52 

Grade II (Mod diff) 4035 47.28 

Grade III (Poor diff) 3698 43.33 

Grade IV (Undiff Anap) 160  1.87   

 

Figure 3.1 illustrates the Grade distribution of breast cancer in Saudi Arabia. Grade I to 

Grade IV represents the severity of the diseases from low to high. Grade I is the initial stage of 

the disease. The pie-chart shows that the highest percentage, 47%, of the patients were diagnosed 

as Grade II, followed by 43% as Grade III. Only 8% of the patients were diagnosed with cancer 

when they were in Grade I. Among the patients, 160 (2%) were diagnosed at the most severe 

stage, Grade IV.   
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Figure 3.1: Grade distribution of breast cancer in Saudi Arabia 

 

Table 3.2 depicts the Sex distribution of patients. It is worthwhile to mention that among 

8,535 patients 124 (1.45%) are male breast cancer patients, which unveils a possible new idea 

that males should also go through the screening process. In general, it is unusual to think that 

males may suffer from breast cancer.  

 

 

 Table 3.2:  Sex distribution of Breast cancer patients 

Sex Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

Female 8411 98.55 8411 98.55 

Male 124 1.45 8535 100.00 
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Table 3.3:  Laterality distribution of Breast cancer patients  

Laterality Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

Bilateral Involve 104 1.22 104 1.22 

Left 4313 50.53 4417 51.75 

Not paired (unknown) 1 0.01 4418 51.76 

Paired site, late 31 0.36 4449 52.13 

Right 4086 47.87 8535 100.00 

 

 

 

 

Figure 3.2:  Laterality distribution of breast cancer in Saudi Arabia 

 

Laterality refers to which of the two, or if both breasts, are cancer infected.  From Table 

3.3, it is observed that the majority (50.53%) of the breast cancer cases occurred only in the left 

breast while 47.87% occurred in only right breast when first diagnosed.  Of these patients, 1.22% 
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was diagnosed with cancer in both breasts and 0.36% saw the cancer spread from one breast to 

the other during the follow-up. 

   

  

Figure 3.3:  Region (city) distribution of breast cancer in Saudi Arabia 

 

Figure 3.3 shows that breast cancer is more prevalent in Riyadh (2,363 cases, 27.74%) 

followed by Makkah (2,235 cases, 26.19%).The Eastern region is a collection of a couple of 

Eastern cities that also experience a high prevalence (20.62%) of cancer cases. There are a 

couple of cancer patients who are International. Among the cities noted here, the Northern cities 

reported the least number of cancer cases.  
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 Table 3.4:  Basis of diagnosis of Breast cancer patients in Saudi Arabia  

Basis of Diagnosis Frequency Percent 

Cumulative 

Frequency 

Cumulative 

Percent 

Cytology/Hematological 330 3.87 330 3.87 

DCO (Death Certificate 1 0.01 331 3.88 

Histology of metastases 28 0.33 359 4.21 

Histology of primary 8175 95.78 8534 99.99 

Medical Imaging (Xray,Ultrasound) 1 0.01 8535 100.00 

 

It is observed from the Table 3.4 that almost 96% of patients are diagnosed by primary 

histology. The second most common means of diagnosis of breast cancer patients is the 

cytology/hematological testing while histology of metastases occupies 0.33% of all diagnostic 

bases.  

  

Figure 3.4:  Basis of diagnosis of Breast cancer patients in Saudi Arabia 
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Table 3.5: Topography distribution of breast cancer in Saudi Arabia 

Topography Frequency Percent 

Nipple 177 2.07 

Central portion of breast 342 4.01 

Upper-inner quadrant of breast 567 6.64 

Lower-inner quadrant of breast 304 3.56 

Upper-outer quadrant of breast 2053 24.05 

Lower-outer quadrant of breast 382 4.48 

 Axillary tail of breast 72 0.84 

Overlapping lesion of breast 1625 19.04 

Breast, NOS 3013 35.30 

 

 

 

Figure 3.5:  Topography distribution of breast cancer in Saudi Arabia 

 

Topography in breast cancer cases represents what part of the breast is affected by the 

cancer cell. Figure 3.5 illustrates that breast, Not Otherwise Specified (NOS) is the most 

vulnerable part for breast cancer followed by the upper-inner quadrant of the breast. Almost 19% 
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cancer cases are reported in the overlapping lesion of the breast. The axillary tail of the breast is 

the least common site for breast cancer.  

 

Table 3.6: Extent distribution of breast cancer in Saudi Arabia 

Extent Frequency Percent 

Distant Metastasis 1393 16.32 

Localized 2663 31.20 

Regional NOS 13 0.15 

Regional: Direct Ext 1429 16.74 

Regional: Lymph Node 3037 35.58 

 

 

 

 

Figure 3.6: Extent distribution of breast cancer in Saudi Arabia 

 

1393 

2663 

13 

1429 

3037 

DISTANT METASTASIS LOCALIZED REGIONAL NOS REGIONAL: DIRECT EXT REGIONAL: LYMPH 
NODE 

Frequency 



 

24 
 

In Table 3.6, it is evident that the regional lymph node has the highest frequency (3,037 

cases, 35.58%) of breast cancer. Localized extent constitutes 31.20% (2,663 cases). Distant 

metastasis also shares a high portion (16.32%) of cases. 

Among the patients, 13.83% (1,180) were recoded as dead on the date of last contact. 

Among the deceased, 1,043 died of cancer. 

The median age of the breast cancer patients was 47 years with an interquartile range 

(IQR) of 17 years. The lowest age of the breast cancer patients was recorded as 10 years while 

the highest age was reported as 109 years.  Figure 3.7 shows that the distribution of age is 

approximately symmetric. 

 

 

Figure 3.7: Distribution of Age of the breast cancer in Saudi Arabia 
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3.3 Bivariate Analysis 

One of our interests was to examine if there is any difference between the mean ages of 

the breast cancer patients with respect to sex and status (dead or alive). We performed two 

independent sample t-tests and the ANOVA test to see whether the mean ages in different grades 

of breast cancer patients differ. Both t-test and ANOVA are required to satisfy the assumption 

that the continuous variable of interest, age, follow normality. A graphical approach using a 

histogram and normal probability plot (P-P plot) depict that data follows normality somewhat. 

However, the analytical method, the Anderson-Darling test, shows that the data does not follow 

normality. Thus, the non-parametric Kruskal Wallis test was used.     

Figure 3.8 shows the plot slightly deviates from a straight line which eventually conforms 

to the normality of the data. 

 
Figure 3.8:  Normal Probability plot (P-P) of Age of the breast cancer in Saudi Arabia 

 



 

26 
 

 For the Anderson-Darling test of normality, the null hypothesis is the data follows 

normality against the alternative hypothesis the data does not follow normality. The high value 

of the Anderson-Darling test statistic, A=45.752 with a p-value<0.0001 justifies the rejection of 

the null hypothesis. 

 

 To perform the t-test we assume male and female are two independent samples. The 

mean age of female patients is 48.58 years while for males it is 59.42 years. The null hypothesis, 

difference in true mean ages for male and female is equal to zero ( 𝐻0: 𝜇1 − 𝜇2 = 0 ), versus the 

alternative hypothesis, difference in true mean ages for male and female is not equal to zero ( 

𝐻0: 𝜇1 − 𝜇2 ≠ 0 ) were tested. The test result (t = -7.7836, df = 125, p-value < 0.001 with a 95% 

confidence interval (-13.60, -8.08) indicated the mean ages for male and female patients are 

different. The t-test result for testing mean age difference for deceased and alive patients depicts 

no significant difference (t = 0.1743, df = 1532, p-value = 0.8617).   

 

 

Figure 3.9:  Box-plot for Grade and Age of the breast cancer patients in Saudi Arabia 
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Box plots for Grade II and Grade III show that there are some patients who experienced 

breast cancers before the age of 20 years as well as after 100 years. However, median ages in all 

groups are more or less similar.  

The mean plot and box-plots look different as some of the ages in Grade II and Grade III 

seem to be outliers. Mean is affected by the extreme values.  On the other hand, box-plots depict 

the medians for respective groups which are not affected by the extreme values, which is why 

medians look similar. 

  

Figure 3.10:  Mean-plot for Grade and Age of the breast cancer patients in Saudi Arabia 

 

Mean plots show there are apparent differences among mean ages across grade. The 

mean ages for Grade III and Grade IV patients are closer but they are substantially far from the 

Grade I mean.  
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One-way ANOVA was used to test the following hypotheses: 

𝐻0:  There is no difference among mean ages across grades of the breast cancer patients    

 Or  𝐻𝑂:  𝜇1 = 𝜇2 = 𝜇3 = 𝜇4      

Where 𝜇𝑖    i
 
=1,2,3,4, is the mean for ith grade of the breast cancer patients  

𝐻𝐴:  There is difference among mean ages across grades of the breast cancer patients 

 The F-value = 31.27 with df (5118,164) and P-value <0.001 suggests that at least one  

mean age across grade is different. The Kruskal-Wallis Chi-squared = 93.241, df = 3, p-value < 

2.2e-16 also leads to a similar conclusion. We also performed the Tukey test to find out which 

group means are different from each other and found the following results displayed in Table 

3.7. 

Table 3.7: Pairwise mean difference table along with 95% CI 

 

 diff lower upper P adj 

Grade II (Mod diff)-Grade I (Well diff)    -2.9058 -4.3025 -1.5091 0.0000006 

Grade III (Poor diff)-Grade I (Well diff)    -4.7791 -6.1845 -3.3736 0.0000000 

Grade IV (Undiff Anap-Grade I (Well diff)    -3.8210 -6.7255 -0.9165 0.0040512 

Grade III (Poor diff)-Grade II (Mod diff -1.8732 -2.6215 -1.1249 0.0000000 

Grade IV (Undiff Anap-Grade II (Mod diff)    -0.9152 -3.5649   1.7344 0.8113583 

Grade IV (Undiff Anap-Grade III (Poor diff) 0.9580 -1.6962    3.6123 0.7901472 
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Figure 3.11: Confidence interval plot for pairwise differences of mean ages of the breast 

cancer grades 

 

From both Table 3.7 and Figure 3.11, it is observed that all pairwise means are different 

except the two pairs namely (Grade IV, Grade II) and (Grade IV, Grade III) since P-values are 

higher than 0.05 and confidence intervals include zero for these two groups. 

As the main objective of the study is to identify the predictors that affect the grade of the 

breast cancer, we did perform Chi-square tests between Grade and each of selected predictors 

respectively, details of which are presented in Table 3.8. 
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Table 3.8: Results of Chi-square test 

Response 

Variable 

Predictor Null Hypothesis Chi-

square 

Value 

Degrees of 

Freedom (df) 

P-value Comment 

Grade Sex Grade is independent of Sex 3.5401 3 0.3156 Not significant 

Grade Topography Topography 39.335 24 0.02517 Significant 

Grade Extent Grade is independent of Extent 132.37 12 <0.001 Significant 

Grade Laterality Grade is independent of 

Laterality 

19.873 12 0.06952 Significant 

Grade City Grade is independent of City 102.86 39 <0.001 Significant 

 

From Table 3.8 it is observed that City, Topography, Extent and Laterality have 

significant associations with the Grade of breast cancer at 5% level of significance. These 

significant variables along with Age will be considered in the multivariate analysis as the 

potential predictors of Grade. However, Sex seems to have no significant impact on the Grade of 

breast cancer.   
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Chapter 4 

Results: Multivariate  Analysis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 

4.1 Introduction 

This chapter includes summary results of multivariate analysis of the breast cancer data 

from Saudi Arabia. In the multivariate data analysis section, we performed multinomial logistic 

regression and ordinal logistic regression analysis. In both regression methods, we have fitted 

models for all possible combinations of covariates found significant in the bivariate analysis (by 

using Chi-square test). Before fitting Ordinal logistic regression, we have checked the 

proportional odds assumption using the table of difference (details is attached in 4.3 Ordinal 

logistic regression). For selecting the best model in both cases we have used AIC. The lower the 

AIC value the better the model. For the best models, we also produced coefficients, odds ratios 

and corresponding P-values and interpreted the results. 

 

4.2 Multinomial logistic regression Analysis  

In fitting Multinomial logistic model, we considered the grade of breast cancer as the 

response variable which has been defined as four categories based on the clinical stages of the 

diseases, Grade I to Grade IV. Grade I was taken as the reference for the response variables and 

the first category of each of the covariates has been considered as a reference respectively. From 

the bivariate analysis section in Chapter 3, we observed that only four variables namely city, 
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extent, topography and laterality are significantly associated with grade of breast cancer at 5% 

level of significance. We have carried forward those four covariates to fit multinomial logistic 

regression. We have fitted 15 competing models taking all possible combinations of the 4 

covariates. In order to select the best model, we have used AIC values.  

Table 4.1 reports the variables included in each of the models along with their 

corresponding AIC values. The table shows that all the models produce more or less similar AIC 

values, there is no large differences among them. The model with the covariates city and extent 

experiences the lowest AIC value (16,706.89), the model with covariates city, topography and 

extent produces the second lowest AIC value as 16,713.65 and the model with covariates city, 

extent and laterality comes up with third lowest AIC value (16,714.95). As the AIC values are 

close to each other, we might have chosen any of the three models as the best fit model. 

However, in practice it is conventional that a simple and parsimonious model should be selected 

rather than a complex model. Thus Model 7 with covariates city and extent is our best model.   

 

Table  4.1:  Table of AIC values for Multinomial Logistic competing models   

Model Response Covariates AIC value  Comment  

Model1 Grade of breast cancer City, Topography, Extent, Laterality 16722.3   

Model2 Grade of breast cancer City,Topography,Extent 16713.65 2nd lowest 

Model3 Grade of breast cancer City,Topography,Laterality 16833.99   

Model4 Grade of breast cancer City,Extent,Laterality 16714.95  3rd lowest 

Model5 Grade of breast cancer Topography,Extent,Laterality 16744.82   

Model6 Grade of breast cancer City,Topography 16825.55   

Model7 Grade of breast cancer City, Extent 16706.89 Lowest 

Model8 Grade of breast cancer City, Laterality 16820.13   

Model9 Grade of breast cancer Topography, Extent 16735.05   

Model10 Grade of breast cancer Topography, Laterality 16853.5 Highest 

Model11 Grade of breast cancer Extent, Laterality 16738.8   

Model12 Grade of breast cancer City 16812.38   

Model13 Grade of breast cancer Topography 16843.83   

Model14 Grade of breast cancer Extent 16729.31   

Model15 Grade of breast cancer Laterality 16841.71   
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Table 4.2:  Summary statistics from the selected Multinomial Logistic Regression Model 

Co-efficient Estimate 

Odds 

Ratio 

Standard 

error t-value P=Pr(>|t|) Comment 

GradeII:intercept 2.874 17.71 0.292 9.8425 <0.001 Significant  

GradeIII:intercept 3.059 21.31 0.291 10.5120 <0.001 Significant  

GradeIV:intercept 0.997 2.71 0.408 2.4436 0.014 Significant  

GradeII:city Baha -0.988 0.37 0.41 -2.4098 0.015 Significant  

GradeIII:city Baha -1.079 0.34 0.408 -2.6446 0.005 Significant  

GradeIV:city Baha -0.609 0.54 0.617 -0.9870 0.324   

GradeII:city Eastern -0.749 0.47 0.276 -2.7138 0.006 Significant  

GradeIII:city Eastern -0.969 0.38 0.275 -3.5236 <0.001 Significant  

GradeIV:city  Eastern -1.362 0.26 0.409 -3.3301 <0.001 Significant  

GradeII:city Hail -0.235 0.79 0.457 -0.5142 0.606   

GradeIII:city Hail -0.544 0.58 0.459 -1.1852 0.235   

GradeIV:city  Hail -1.115 0.33 0.773 -1.4424 0.19   

GradeII:city International -0.635 0.53 1.133 -0.5605 0.575   

GradeIII:city International -0.782 0.46 1.134 -0.6896 0.49   

GradeIV:city  international -12.518 0.00 0.000006 -2086333.3333 <0.001 Significant  

GradeII:city Jazan 0.197 1.22 0.473 0.4165 0.677   

GradeIII:city Jazan 0.436 1.55 0.468 0.9316 0.352   

GradeIV:city  Jazan -0.479 0.62 0.727 -0.6589 0.509   

GradeII:city Jouf -0.907 0.40 0.456 -1.9890 0.046   

GradeIII:city Jouf -0.788 0.45 0.449 -1.7550 0.094   

GradeIV:city  Jouf -1.446 0.24 0.866 -1.6697 0.244   

GradeII:city Madinah -0.382 0.68 0.328 -1.1646 0.04 Significant  

GradeIII:city Madinah -0.673 0.51 0.328 -2.0518 0.004 Significant  

GradeIV:city  Madinah -1.711 0.18 0.607 -2.8188 0.46   

GradeII:city Makkah -0.205 0.81 0.278 -0.7374 0.114   
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Table 4.2:  Summary statistics from the selected Multinomial Logistic Regression Model (continued) 

Co-efficient Estimate 

Odds 

Ratio 

Standard 

error t-value P=Pr(>|t|) Comment 

GradeIII:city Makkah -0.437 0.65 0.276 -1.5833 0.002 Significant  

GradeIV:city  Makkah -1.283 0.28 0.417 -3.0767 0.008 Significant  

GradeII:city Najran -1.225 0.29 0.462 -2.6515 0.005 Significant  

GradeIII:city Najran -1.277 0.28 0.458 -2.7882 0.038 Significant  

GradeIV:city  Najran -2.314 0.10 1.119 -2.0679 0.734   

GradeII:city Northern 0.264 1.30 0.779 0.3389 0.929   

GradeIII:city Northern 0.069 1.07 0.779 0.0886 0.993   

GradeIV:city  Northern 0.008 1.01 1.068 0.0075 0.191   

GradeII:city Qassim -0.419 0.66 0.321 -1.3053 0.006 Significant  

GradeIII:city Qassim -0.885 0.41 0.322 -2.7484 0.001 Significant  

GradeIV:city Qassim -2.012 0.13 0.644 -3.1242 0.061 Significant  

GradeII:city Riyadh -0.512 0.60 0.274 -1.8686 0.061 Significant  

GradeIII:city Riyadh -0.823 0.44 0.273 -3.0147 0.002 Significant  

GradeIV:city Riyadh -1.422 0.24 0.405 -3.5111 <0.001 Significant  

GradeII:city Tabuk -0.466 0.63 0.391 -1.1918 0.232   

GradeIII:city Tabuk -0.821 0.44 0.391 -2.0997 0.036 Significant  

GradeIV:city Tabuk -0.161 0.85 0.555 -0.2901 0.772   

GradeII:Extent localized -1.042 0.35 0.149 -6.9933 <0.001 Significant  

GradeIII:Extent localized -1.141 0.32 0.15 -7.6067 <0.001 Significant  

GradeIV:Extent localized -1.623 0.20 0.251 -6.4661 <0.001 Significant  

GradeII:Extent Regional NOS -1.231 0.29 0.831 -1.4813 0.138   

GradeIII:Extent Regional NOS -1.366 0.26 0.851 -1.6052 0.108   

GradeIV:Extent Regional NOS -9.909 0.00 0.00005 -198180.0000 <0.001 Significant  

GradeII:Extent Regional: Direct Ext                  -0.062 0.94 0.187 -0.3316 0.741   

GradeIII:Extent Regional: Direct Ext                  -0.067 0.94 0.187 -0.3583 0.72   

GradeIV:Extent Regional: Direct Ext                  -0.859 0.42 0.316 -2.7184 0.006 Significant  

GradeII:Extent Regional: Lymph 

Node                  -0.437 0.65 0.154 -2.8377 0.004 Significant  

GradeIII:Extent Regional: Lymph 

Node                  -0.445 0.64 0.155 -2.8710 0.004 Significant  

GradeIV:Extent Regional: Lymph 

Node                  -1.279 0.28 0.258 -4.9574 <0.001 Significant  

  

Table 4.2 depicts that grade I was taken as a reference for the response. On the other 

hand, city Asir is considered as a reference for the variable city, and distant metastasis is taken as 

reference for the extent.  Based on p-value (p<0.05), it is observed that all of the categories of 

city and extent have significant influence on explaining variations in grades of breast cancer. 
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City Baha reveals that the odds of experiencing grade II breast cancer in comparison to 

grade I in city Baha is 0.37 times the patients in city Asir and is statistically significant. Which 

means that the patients in city Baha is more protective (the incidence of transferring grade I to 

grade II/grade III/grade IV is less) for changing to grade II from grade I than patients in city 

Asir. The patients in city Baha is also experiencing similar protective incidence for grade I to 

grade III and grade I to grade IV while comparing to patients in city Asir. However, the OR 

(0.54) from grade I to grade IV for the two cities is not significant (p1=0.324). City Eastern 

reveals that the odds of experiencing grade II breast cancer in comparison to grade I in city 

Eastern is 0.47 times of city Asir and is statistically significant. Eastern here is a group of cities 

from the Eastern part of Saudi Arabia. The ORs for grade I versus grade III (0.38) and grade I 

versus grade IV (0.26) for city Eastern versus Asir are statistically significant respectively. The 

people from the international community have been included in the international category of the 

covariate City, which includes only 11 patients out of 8,535. In the table for the international 

category, the OR (0.00) for grade I versus grade IV shows to be highly significant, this seems to 

be misleading due to the extremely small sample size. We observed a similar incidence for grade 

IV: Extent regional NOS. 

  City Madinah expresses that the odds of experiencing grade II breast cancer in 

comparison to grade I in Madinah is 0.68 times of city Asir and is statistically significant. City 

Madinah expresses that the odds of experiencing grade III breast cancer in comparison to grade I 

in city Madinah is 49% less than the city Asir and the effect is statistically significant. 

City Makkah tells us that the odds of experiencing grade III breast cancer in comparison to grade 

I in city Makkah is 35% lower than the city Asir and the effect is statistically significant. City 
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Makkah tells us that the odds of experiencing grade IV breast cancer in comparison to grade I in 

city Makkah is 72% lower than the city Asir and the effect is statistically significant. 

As the ORs for the cities Najran, Qassim, Riyadh and Tabuk are less than 1, we can 

conclude that these cities are more protective for shifting grade1 to subsequent grades of breast 

cancer than the city Asir. However, cities Hail, Jazan, Jouf and Northern seem to have a similar 

experience as Asir in shifting the cancer's primary grade to subsequent grades. 

  Extent Localized reveals that the odds of experiencing grade II breast cancer in 

comparison to grade I Extent Localized is 0.35 times  distant metastasis and is statistically 

significant. We observe that the ORs for other categories of extent are also significant. 

 

4.3 Ordinal logistic regression Analysis 

In order to fit ordinal logistic regression, we have checked the proportional odds 

assumption. To do so we have produced a table of differences Table 4.3 in accordance to the 

method described in section 2.5.3 in methodology chapter. If the difference between the predicted 

logits for varying levels of a predictor, say city, are the same whether the outcome is defined by grade 

Y≥2, Y≥3 and Y≥4, then we can be convinced that proportional odds assumption holds. From Table 4.3, 

we observe that the values in the column Y≥3 for categories of each of the covariates are roughly equal. 

The same thing is true for the column Y≥4 with few exceptions. Thus, it is concluded that proportional 

odds assumption holds approximately. Therefore, it is plausible to apply ordinal logistic regression for 

model selection.   

Likewise, for multinomial logistic regression we fitted models for every possible combination of 

covariates found significant by using Chi-square test. Therefore, altogether we have 15 models. In Table 
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4.4, we reported the AIC values. Based on the AIC values, we have selected Model2 as the best model, 

which includes City, Topography and Extent as the covariates. 

Table 4.3:  Table for assessing the proportional odds assumption  

  N Y>=1 Y>=2 Y>3 Y>4 
City Asir 383 Inf 0 -3.002039 -3.402474 

Baha 118 Inf 0 -2.156834 -2.858917 

Eastern 1760 Inf 0 -2.462941 -3.633344 

Hail 149 Inf 0 -3.071345 -3.682968 

International 11 Inf 0 -2.484907 -Inf 

Jazan 232 Inf 0 -3.121884 -4.391358 

Jouf 99 Inf 0 -2.201489 -3.982660 

Madinah 428 Inf 0 -2.829452 -4.193737 

Makkah 22355 Inf 0 -2.895951 -4.089101 

Najran 78 Inf 0 -2.139536 -4.241151 

Norther 61 Inf 0 -3.417180 -3.351600 

Qassim 431 Inf 0 -2.886298 -4.241768 

Riyadh 2368 Inf 0 -2.691842 -3.763387 

Tabuk 182 Inf 0 -2.705578 -2.624238 

Topography C50.0  Nipple 177 Inf 0 -2.838547 -3.413602 

C50.1  Central portion of 

breast 
342 Inf 0 -2.326024 -3.038244 

C50.2  Upper-inner 

quadrant of breast 
567 Inf 0 -2.828018 -3.932519 

C50.3  Lower-inner 

quadrant of breast 
304 Inf 0 -2.884180 -4.489938 

C50.4  Upper-outer 

quadrant of breast 
2053 Inf 0 -2.739968 -3.651518 

C50.5  Lower-outer 

quadrant of breast 
382 Inf 0 -2.726885 -4.158773 

C50.6  Axillary tail of 

breast        
72 Inf 0 -2.135011 -4.207110 

C50.8  Overl. lesion of 

breast        
1625 Inf 0 -2.756352 -4.018911 

C50.9  Breast, NOS                    3013 Inf 0 -2.683772 -3.703004 
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Table 4.3:  Table for assessing the proportional odds assumption (continued) 

  N Y>=1 Y>=2 Y>3 Y>4 

Extent Distant Metastasis 1393 Inf 0 -3.171224 -3.306613 

Localized 2663 Inf 0 -2.355421 -3.661990 

Regional NOS 13 Inf 0 -2.174752 -Inf 

Regional: Direct Ext                  1429 Inf 0 -3.138468 -4.047493 

Regional: Lymph Node                  3037 Inf 0 -2.803224 -4.058147 

Laterality Bilateral 104 Inf 0 -2.472511 -3.284707 

Left 4313 Inf 0 -2.682832 -3.890336 

Not paired                            1 Inf   -Inf 

Paired 31 Inf 0 -2.246496 -1.635755 

Right 4086 Inf 0 -2.735305 -3.691910 

Overall  8535 Inf 0 -2.701651 -3.765325 

 

Ordinal logistic regression model assumes that the relationship between each pair of 

outcome group is the same. That’s why instead of giving three different coefficients (as given in 

multinomial logistic regression) the ordinal logistic regression gives one coefficient for each pair 

of outcome categories. The Table 4.5 illustrates that some of the categories of all three covariates 

are statically significant to explain the grades of breast cancer in Saudi Arabia. 

Table 4.4:  Table of AIC values for Ordinal Logistic competing models   

Model Response Covariates AIC value  Comment  

Model1 Grade of breast cancer City, Topography, Extent, Laterality 16771.73 2nd lowest 

Model2 Grade of breast cancer City,Topography,Extent 16766.48 The lowest 

Model3 Grade of breast cancer City,Topography,Laterality 16817.68   

Model4 Grade of breast cancer City,Extent,Laterality 16773.84   

Model5 Grade of breast cancer Topography,Extent,Laterality 16790.71   

Model6 Grade of breast cancer City,Topography 16812.24   

Model7 Grade of breast cancer City, Extent 16768.66   

Model8 Grade of breast cancer City, Laterality 16817.26   

Model9 Grade of breast cancer Topography, Extent 16785.45   

Model10 Grade of breast cancer Topography, Laterality 16837.24   

Model11 Grade of breast cancer Extent, Laterality 16793.9   

Model12 Grade of breast cancer City 16811.86   

Model13 Grade of breast cancer Topography 16831.77   

Model14 Grade of breast cancer Extent 16774.62   

Model15 Grade of breast cancer Laterality 16837.92 The highest  
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The OR for city Eastern is reported as 0.66 (95% CI= 0.52-0.81) with a p-value 0.001.  

This implies that the odds of being in higher breast cancer grades (II - IV) for patients in the city 

Eastern is significantly lower than that for the patients with low grade in city Asir. Odds ratio 

0.67 (95% CI= 0.47-0.97) in city Hail represents that the odds for breast cancer grades (II - IV) 

in Hail city is 33% less than the patients in city Asir while compared to patients in grade I.  

Odds of being in higher breast cancer grade (II-IV) for the cities Madinah, Makkah, Qassim and 

Riyadh are significantly lower than the patients in city Asir as compared to patients in lower 

grade However, for the cities Baha, international, Jazan, Jouf, Najran, Northern and Tabuk seem 

to share similar experience in terms of odds of breast cancer grades (II - IV) while compared to 

patients in grade I. 

The OR for the topography central portion of breast is reported as 0.65 (95% CI= 0.45-

0.92) with a p-value 0.015 which reveals the odds of being in higher breast cancer grades (II - 

IV) for the central portion of breast is 0.65 times of nipple (the reference category for 

topography) compared to grade I and is statistically significant The other categories of 

topography seem to have no significant impact on explaining grades of breast cancer.  

The OR for extent localized is noted as 0.66 (95% CI= 0.58-0.75) with a p-value <0.001 

which reveals that the odds of being in higher breast cancer grades (II - IV) for  the localized 

extent of the breast is 0.66 times the metastasis extent of breast cancer compared to grade I.  

The OR for extent regional lymph node is 0.85 (95% CI= 0.74-0.95) with a p-value 0.008 which 

reveals that the odds of being in higher breast cancer grades (II - IV) for the regional lymph node  

is 15 % less than  that of the metastasis extent of breast cancer compared to grade I. However, 
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the categories of Extent seem to have no significant impact on the grades of breast cancer for the 

data. 

Table 4.5: Summary statistics from the selected Ordinal Logistic Regression Model 

Co-efficient Estimate 

Odds 

Ratio 

95% CI for 

OR’s t-value Pr(>|t|) Comment 

City Baha -0.279 0.76 0.50-1.14 -1.3300 0.182   

City Eastern -0.42 0.66 0.52-0.81 -3.8200 0.001 Significant  

City Hail -0.395 0.67 0.47-0.97 -2.1200 0.033 Significant  

City International -0.362 0.70 0.21-2.21 -0.6100 0.541   

City Jazan 0.148 1.16 0.84-1.59 0.9200 0.357   

City Jouf -0.165 0.85 0.54-1.30 -0.7500 0.454   

City Madinah -0.424 0.65 0.50-0.85 -3.1300 0.001 Significant  

City Makkah -0.323 0.72 0.59-0.89 -3.0100 0.002 Significant  

City Najran -0.451 0.64 0.39-1.02 -1.8500 0.063   

City Northern -0.156 0.86 0.50-1.43 -0.5900 0.555   

City Qassim -0.579 0.56 0.43-0.73 -4.2700 <0.001 Significant  

City Riyadh -0.449 0.64 0.52-0.78 -4.2700 <0.001 Significant  

City Tabuk -0.327 0.72 0.51-1.02 -4.1900 0.062   

* Top= Topography 

 

 

Table 4.5:  Summary statistics from the selected Ordinal Logistic Regression Model (continued) 

Co-efficient Estimate 

Odds 

Ratio 

95% CI for 

OR’s t-value Pr(>|t|) Comment 

Top. Central portion of breast -0.436 0.65 0.45-0.92 -1.8600 0.015 Significant  

Top. Upper-inner quadrant of breast 0.008 1.01 0.72-1.40 -2.4100 0.96   

Top. Lower-inner quadrant of breast 0.032 1.03 0.72-1.48 0.0500 0.858   

Top. Upper-outer quadrant of breast -0.091 0.91 0.68-1.22 0.1800 0.548   

Top. Lower-outer quadrant of breast 0.13 1.14 0.80-1.61 -0.6000 0.458   

Top. Auxiliary tail of breast -0.038 0.96 0.56-1.65 0.7400 0.888   

Top. Overly liaison of breast -0.054 0.95 0.70-1.27 -0.1400 0.722   

Top. Breast, NOS -0.068 0.93 0.69-1.25 -0.3600 0.648   

Extent localized -0.417 0.66 0.58-0.75 -0.4600 <0.001 Significant  

Extent Regional NOS -0.602 0.55 0.18-1.58 -6.4500 0.272   

Extent Regional: Direct Ext                  -0.083 0.92 0.80-1.06 -1.1000 0.25   

Extent Regional: Lymph Node                  -0.165 0.85 0.74-0.96 -2.6400 0.008 Significant  

* Top= Topography 
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4.4 Conclusion 

It is to be noted that the multinomial regression model and ordinal regression model 

identified two different models to be considered as the best model. Thus for prediction purposes, 

we are inclined to use the ordinal logistic regression model since there exists a natural order 

among the grades of breast cancer by definition. Moreover, the test of the proportional odds 

assumption also holds approximately. 
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Chapter 5 

Conclusion and Future Direction 

Saudi Arabia is country of 28.16 million people located in the Middle East bordering the 

Persian Gulf and the Red Sea with a total area of 2,149,690 square kilometers of land. 

Approximately 73.43% of people are older than 15 years [22] and potentially are vulnerable to 

breast cancer, although women bear the higher risk of breast cancer. Several studies [13, 23] 

show that breast cancer is pervasive among women in Saudi Arabia and incidences are more 

common in early ages than that of western countries.  Cancer is a mandatory notifiable disease in 

Saudi Arabia and the Saudi Cancer Registry is responsible for identifying the breast cancer 

patients and keeping track of  them until death along with other types of cancer patients.  

In this study, our objectives were (1) to examine the distribution of breast cancer with 

respect to the characteristics such as grade, extent, city, laterality, morphology, status (dead or 

alive at the time of last contact), behavior, sex and age, (2) to examine the relationship between 

grade with each of the variables of interest, and finally, (3) fitting a model that best describes the 

relation between grade and other variables. 

In order to explore our question of interest we have collected breast cancer data from the 

Saudi Cancer Registry and analyzed them accordingly. Initially, we had data on more than 

11,000 patients, but we noticed plenty of missing or unknown categories. For our analysis we 

have deleted those and worked with complete cases only (8,535 cases) which is also a potential 

loss of information. To explore our research interest we did univariate and bivariate analysis. For 

model fitting we have fitted both multinomial and ordinal logistic regression analysis. 
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 We observe from the exploratory analysis that among the patients 98.55% are female. 

Only 7.52% of patients are diagnosed as cancer patients when they are at grade I, 47.28% at 

grade II and 43.33% at grade IV.  Laterality distribution shows that 50.53% of cancer takes place 

in the left breast and 47.87% on the right breast. If we look at the region wise distribution of the 

complete cases, the highest number of patients (27.74%) is reported from Riyadh followed by 

Makkah (26.19%). The least number of patients was recorded from the Northern areas other than 

the international the patients from international community. Almost 96% of patients are 

diagnosed as breast cancer patients based on the histology primary tumor cells. Topography 

distribution shows that 24% of cancer cases happen in the upper-outer quadrant of the breast 

followed by overlapping lesion of breast (19.04%) and the extent distribution shows that 35.58% 

of cases take place in the lymph node and 31.20% are localized. We notice from the age 

distribution that the 30-60 age interval is the most vulnerable for breast cancer, although there 

are some cases at earlier ages before 20 years. In the bi-variate analysis for age and sex we notice 

that the mean age of female patients (48.58 years) and mean age of males (59.42 years) are 

statically different at 5% level of significance. Although median ages for grade I, grade II, grade 

III and grade IV look similar, mean ages differ with respect to grades. We also observe that 

grade does not significantly differ with sex, but grade significantly differs with extent, city 

(region), laterality and topography respectively. 

 On the basis of least AIC values we have chosen our best model in both Multinomial 

and Ordinal logistic regression analysis, and we got two different models as the best models from 

two methods. However, since the response variable Grade has an inherent natural order by 

definition and proportional odds assumption satisfies approximately, we suggest that the model 

selected by Ordinal logistic would be the best model for describing the grades of breast cancer in 
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Saudi Arabia. The model includes the predictors of Grade as City, Topography and Extent. Our 

model finds all of them are statistically significant at 5%.  

 The Odds Ratios (ORs) for breast cancer grade II, grade III or grade IV in the cities 

Baha, Jazan, Jouf, Najran, Northern and Taluk are not significantly different than that of city  

Asir while compared with grade I. The OR for city Eastern is reported as 0.66 (95% CI= 0.52-

0.81 with a p-value 0.001), meaning that the odds for breast cancer grade II ,grade III or grade IV 

in city Eastern is 0.66 times city Asir while compared with grade I.  Odds of breast cancer grade 

II, grade III or grade IV for the cities Eastern, Hail, Madinah, Makkah, Qassim and Riyadh are 

significantly lower than city Asir as compared to grade I. 

The Odds Ratio (OR) for the topography central portion of breast is reported as 0.65 

(95% CI= 0.45-0.92 with a p-value 0.015) which reveals that the odds of breast cancer grade II, 

grade III or grade IV for the central portion of breast is 0.65 times of nipple (the reference 

category for Topography) compared to Grade I and is statistically significant. The other 

categories of topography seem to have no significant impact on explaining grades of breast 

cancer.  

The OR for extent localized is noted as 0.66 (95% CI= 0.58-0.75 with a p-value <0.001) 

which reveals that the odds of breast cancer grade II, grade III or grade IV for the localized 

extent of the breast is 0.66 times of the distant metastasis extent of breast cancer  while compared 

to grade I. Similarly, the odds of breast cancer grade II, grade III or grade IV are significantly 

lower for other extent categories as compared to distant metastasis.  

This study result might be useful to the researchers and policy makers to have a better 

insight of breast cancer cases in Saudi Arabia. The data reveals that 1.45% of the breast cancer 

patients are male. Therefore, the male population also should be taken under the screening 
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process. The study shows more than 92% cases of breast cancer are diagnosed at grade II, grade 

III and grade IV level. Early detection is quite negligible. So, ensuring early detection may save 

more lives. This data contains a significant amount of missing values, miscoding and unknowns. 

Policy makers may think of how the data quality can be improved.  

Data shows that there exists a regional disparity with respect to number of patients 

recorded; further research should be done to see whether the cases are really low or if there exists 

under- reporting. There is a scope of further research to explore which city contains more 

missing information, what are the reasons and how these might be overcome. There may be 

another scope of study that determines how much lifetime and cost can be saved by early 

detection of breast cancer.    

The main limitation of the study was not having the complete data for all cases. Deleting 

missing cases caused loss of information. Moreover, the data did not contain information on the 

socioeconomic background, rural/urban status, how far the patients live from the hospital, how 

much the facility is available for the patients, etc.  Definitely, time is another constraint when 

doing rigorous study of breast cancer cases. 
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Appendix 
 

R code: 

 

rm(list=ls()) #remove all the variables from the workspace 
getwd() 
setwd("C:/Users/sarah/Desktop/thesis/saa") 
myrdat <- read.csv(file="C:/Users/sarah/Desktop/my thesis/mydat.csv", header=TRUE, sep=",") 
dim(myrdat) 
head(myrdat) 
table(myrdat$grade1) 
 
#defining factors 
Sex=as.factor(myrdat$Sex) 
city=as.factor(myrdat$Add_code1) 
grade=as.factor(myrdat$Grade) 
Topography1=as.factor(myrdat$Topography1) 
Topography2=as.factor(myrdat$Topography2) 
Behaviour=as.factor(myrdat$Behaviour) 
Extent=as.factor(myrdat$Extent) 
Laterality=as.factor(myrdat$Laterality) 
Status=as.factor(myrdat$Status) 
D_Cause=as.factor(myrdat$D_Cause) 
View(myrdat) 
Basis_Diag_=as.factor(myrdat$Basis_Diag_) 
table(myrdat$Behaviour) 
 
#Univariate analysis by tables and descriptives 
table(Sex) 
table(grade) 
table(Topography2) 
table(Extent) 
table(Laterality) 
table(Status) 
table(D_Cause) 
summary(myrdat$Age) 
sd(myrdat$Age) 
 
 
#######Graphical Analysis##### 
 
# Bardiagram for citywise distribution 
count1=table(city) 
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count1 
percentage1=count1/8535 
percentage1 
barplot(percentage1, main="City wise distribution of Breast cancer in Saudi 
Arabia",xlab="City",ylab="percentage", col="green", 
las=2,names.arg=c("Asir","Baha","Eastern","Hail","Interna","Jazan","Jouf","Madinah"," 
Makkah","Najran","Norther","Qassim","Riyadh","Tabuk ")) 
 
# Bardiagram for Lateralityywise distribution 
count11=table(Laterality) 
count11 
percentage11=count11/8535 
percentage11 
barplot(percentage11, main="Laterality wise distribution of Breast cancer in Saudi 
Arabia",xlab="Laterality",ylab="percentage", col="green", las=2) 
 
# Bardiagram for extent 
count2=table(Extent) 
count2 
percentage2=count2/8535 
barplot(percentage2, main="Extent wise distribution of Breast cancer in Saudi 
Arabia",xlab="Extent category",ylab="percentage" , col = "purple",las=2) 
 
# Pie chart Topograhy2 
mytable1 <- table(myrdat$Topography2) 
mytable1 
top <- paste(names(mytable1)) 
pie(mytable1, labels = top, 
    main="Topography of brest cancer for the study data in Saudi Arabia")  
 
# Pie chart Grade 
mytable2 <- table(myrdat$Grade) 
mytable2 
gr <- paste(names(mytable2)) 
gr 
pie(mytable2, labels = gr, 
    main="Gradewise distribution of brest cancer for the study data in Saudi Arabia")  
 
 
# Bardiagram for Basis_Daigy distribution 
count10=table(Basis_Diag_) 
count10 
percentage10=count10/8535 
percentage10 
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barplot(percentage10, main=" Basis_Diag_  distribution of Breast cancer in Saudi 
Arabia",xlab="Basis_Diag_",ylab="percentage", col="green", las=2) 
 
 
##############################Bi-variate analysis########################## 
 
########################chi-square test#################################### 
 
#sex-wise grade: Note: Sex is not significant to explain grade 
tab1=table(grade,Sex)  
tab1 
barplot(tab1, beside=T, legend=T) 
chisq.test(tab1, correct=T) 
 
# Topography2-wise grade: Note: Topology2 is significant to explain grade 
tab2=table(grade,Topography2)# Topography2-wise grade 
tab2 
barplot(tab2, beside=T, legend=T) 
chisq.test(tab2, correct=T) 
 
 
# Extent-wise grade: Note: Extent is significant to explain grade 
tab4=table(grade,Extent) 
tab4 
barplot(tab4, beside=T, legend=T) 
chisq.test(tab4, correct=T) 
 
 
# Laterality-wise grade: Note: Laterality is significant at 10% level of significance to explain 
grade 
tab5=table(grade,Laterality) 
tab5 
barplot(tab5, beside=T, legend=T) 
chisq.test(tab5, correct=T) 
 
 
# city-wise grade: Note: city is significant to explain grade 
tab6=table(grade,city) 
tab6 
barplot(tab6, beside=T, legend=T) 
chisq.test(tab6, correct=T) 
 
####Normality test of Age data, if data follows normality we can do ANOVA test to determine 
that is mean age differes for different grades? 



 

51 
 

#by histogram: Age data follows normality  
hist(myrdat$Age,freq=FALSE) 
lines(density(myrdat$Age),na.rm=TRUE) 
 
# by normal probability plot: Note: Age data follows normality 
qqnorm(myrdat$Age) 
 
# by Anderson Dealing test: Note Age does not follow normality by Ad test: Then we should rely 
on graphical methods 
 
install.packages("nortest") 
library(nortest) 
ad.test(myrdat$Age) 
 
 
# t-test whether age of breast cancer differes with respect different variables 
 
t.test(myrdat$Age~myrdat$Sex,rm.na=TRUE) 
 
t.test(myrdat$Age~myrdat$Status,rm.na=TRUE)  
 
 
 
# ANOVA test  
 
attach(myrdat) 
names(myrdat) 
class(Age) 
class(grade) 
levels(grade) 
boxplot(Age~grade, rm.na=TRUE) #side by side boxplot 
ANOVA <- aov( Age~grade) 
summary(ANOVA) 
attributes(ANOVA) 
ANOVA$coefficients 
TukeyHSD(ANOVA) 
plot(TukeyHSD(ANOVA), las=1) 
kruskal.test(Age~grade)  
 
 
#Plot Means with Error Bars  
install.packages("gplots") 
library(gplots) 
attach(myrdat) 
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grade <- factor(grade)  
plotmeans(Age~grade,xlab="Grades", 
          ylab="Age", main="Mean Plot\nwith 95% CI")  
## Next step is multivariate analysis: Multinomial logistic regression##  
 
colnames(myrdat) 
 
require(foreign) 
require(nnet) 
require(ggplot2) 
require(reshape2) 
 
with(myrdat, table(Sex, grade)) 
 
with(myrdat, do.call(rbind, tapply(Age, grade, 
                                   function(x) c(M = mean(x), SD = sd(x))))) 
 
 
#Multinomial Logistic Regression  
 
myrdat$grade1 <- relevel(myrdat$Grade, ref = "Grade I (Well diff)") 
# 4 covariates 
ml1 <- multinom(grade1 ~ city+Topography2+Extent+Laterality, data = myrdat) 
 
summary(ml1) 
 
# 3 covariates 
ml2 <- multinom(grade1 ~ city+Topography2+Extent, data = myrdat) 
 
summary(ml2) 
 
table(grade1$myrdat) 
ml3 <- multinom(grade1 ~ city+Topography2+Laterality, data = myrdat) 
 
summary(ml3) 
 
ml4 <- multinom(grade1 ~ city+Extent+Laterality, data = myrdat) 
 
summary(ml4) 
 
ml5 <- multinom(grade1 ~ Topography2+Extent+Laterality, data = myrdat) 
 
summary(ml5) 
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# 2 covariates 
 
ml6 <- multinom(grade1 ~ city+Topography2, data = myrdat) 
 
summary(ml6) 
 
ml7 <- multinom(grade1 ~ city+Extent, data = myrdat) 
 
summary(ml7) 
 
ml8 <- multinom(grade1 ~ city+Laterality, data = myrdat) 
 
summary(ml8) 
 
ml9 <- multinom(grade1 ~ Topography2+Extent, data = myrdat) 
 
summary(ml9) 
 
ml10 <- multinom(grade1 ~ Topography2+Laterality, data = myrdat) 
 
summary(ml10) 
 
ml11 <- multinom(grade1 ~ Extent+Laterality, data = myrdat) 
 
summary(ml11) 
 
# 1covariates 
 
ml12 <- multinom(grade1 ~ city, data = myrdat) 
 
summary(ml12) 
 
ml13 <- multinom(grade1 ~ Topography2, data = myrdat) 
 
summary(ml13) 
 
ml14 <- multinom(grade1 ~ Extent, data = myrdat) 
 
summary(ml14) 
 
ml15 <- multinom(grade1 ~ Laterality, data = myrdat) 
 
summary(ml15) 
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# Model 7 is considered as best model 
ml7 <- multinom(grade1 ~ city+Extent, data = myrdat) 
summary(ml7) 
exp(coef(ml7)) 
z1 <- summary(ml7)$coefficients/summary(ml7)$standard.errors 
z1 
p1 <- (1 - pnorm(abs(z1), 0, 1))*2 
p1 
 
######Ordinal Logistic Model##### 
 
require(foreign) 
require(ggplot2) 
require(MASS) 
require(Hmisc) 
require(reshape2) 
 
###proportional assumption checking### 
## proportional assumption checking by table of coefficients 
attach(myrdat) 
myrdat$gradecat[grade=="Grade I (Well diff)"] <- 1 
myrdat$gradecat[grade=="Grade II (Mod diff)"] <- 2 
myrdat$gradecat[grade=="Grade III (Poor diff)"] <- 3 
myrdat$gradecat[grade=="Grade IV (Undiff Anap"] <- 4 
 
View(myrdat) 
table (myrdat$gradecat) 
 
sf<-function(y) { 
  c('y>=1'=qlogis(mean(y>=1)), 
    'y>=2'=qlogis(mean(y>=2)), 
    'y>=3'=qlogis(mean(y>=3)), 
    'y>=4'=qlogis(mean(y>=4))) 
} 
 
(s<-with(myrdat,summary(as.numeric(gradecat)~city+Topography2+Extent+Laterality,fun=sf))) 
 
s[,5]<-s[,5]-s[,4] 
s[,4]<-s[,4]-s[,3] 
s[,3]<-s[,3]-s[,3] 
s 
 
##proportional assumpting checking by graph: Since the graph is too large R does now show it. 
plot(s,which=1:4,pch=1:4,xlab='logit',main='', xlim=range(s[,3:5])) 
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# Ordinal logistic regression experiment 
#4 covariates 
ol1 <- polr(grade ~ city+Topography2+Extent+Laterality, data = myrdat, Hess=TRUE) 
summary(ol1) 
#3 covariates 
 
ol2 <- polr(grade ~ city+Topography2+Extent, data = myrdat, Hess=TRUE) 
 
summary(ol2) 
 
ol3 <- polr(grade ~ city+Topography2+Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol3) 
 
ol4 <- polr(grade ~ city+Extent+Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol4) 
 
ol5 <- polr(grade~ Topography2+Extent+Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol5) 
# 2 covariates 
 
ol6 <- polr(grade ~ city+Topography2, data = myrdat, Hess=TRUE) 
 
summary(ol6) 
 
ol7 <- polr(grade ~ city+Extent, data = myrdat, Hess=TRUE) 
 
summary(ol7) 
 
ol8 <- polr(grade ~ city+Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol8) 
 
ol9 <- polr(grade ~ Topography2+Extent, data = myrdat, Hess=TRUE) 
 
summary(ol9) 
 
ol10 <- polr(grade ~ Topography2+Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol10) 
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ol11 <- polr(grade ~ Extent+Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol11) 
 
# 1covariates 
 
ol12 <- polr(grade ~ city, data = myrdat, Hess=TRUE) 
 
summary(ol12) 
 
ol13 <- polr(grade ~ Topography2, data = myrdat, Hess=TRUE) 
 
summary(ol13) 
 
ol14 <- polr(grade ~ Extent, data = myrdat, Hess=TRUE) 
 
summary(ol14) 
 
ol15 <- polr(grade ~ Laterality, data = myrdat, Hess=TRUE) 
 
summary(ol15) 
 
###model2 is considered as the best model 
 
olbm <- polr(grade ~ city+Topography2+Extent, data = myrdat, Hess=TRUE) 
 
## view a summary of the model 
summary(olbm) 
(ctable <- coef(summary(olbm))) 
## calculate and store p values 
p <- pnorm(abs(ctable[, "t value"]), lower.tail = FALSE) * 2 
p 
## combined table 
(ctable <- cbind(ctable, "p value" = p)) 
(ci <- confint(olbm)) # default method gives profiled CIs 
 
exp(coef(olbm)) 
exp(cbind(OR = coef(olbm), ci)) 
 


