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ABSTRACT 

Breast cancer is well known as one of the cancer that threatens woman. This disease  

threatens women, regardless race, ethnicity and demographics. Thus, in order to 

predict the risk of a woman being diagnosed with breast cancer, an individual risk 

assessment is developed. This is because early detection can help reduce the 

development of breast cancer. To date, few mathematical models have been proposed 

and developed for estimating the risk. The statistical model used is known as the Gail 

model where it provides the estimation of risk development of breast cancer over 

specific interval and period of time. The estimation mainly uses the women’s 

demographic information as well as the risk factors as parameters. This model is 

suitable for woman, which is not suspected of having hereditary breast cancer.  

Original Gail model considering six attributes including age, age at first menstrual 

period, age at the time of the birth of first child, number of first-degree relatives that 

have breast cancer, breast biopsies and race/ethnicity. Using statistical modelling, the 

individual risk is calculated in terms of probabilities based on both the relative risk 

and the baseline hazard rate. In this project, the original risk factors are modified 

depending on the Malaysian demographic information to cater for Malaysia women 

population.  
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CHAPTER 1 

INTRODUCTION 

This chapter introduces and explains the project topic, “Breast Cancer Risk 

Assessment Tool”. A background study on this topic is highlighted followed by the 

problem statement, objectives to be achieved and finally the scope of study.  

1.1    Background of Study 

Statistics show that women are prone to be diagnosed with breast cancer than men. In 

fact, breast cancer is the second threat to women after lung cancer [1]. However, in 

Malaysia, breast cancer turns out to be the main cancer affecting women. Based on 

the report from National Cancer Registry, the Malaysian females are prone to develop 

the breast cancer case where one in twenty of them are at risk. Specifically, the risk is 

higher accordingly for the Malays, Indians and Chinese [2]. The actual cause of 

breast cancer remains unknown, but studies show many possible risks that might be 

associated with the breast cancer.  

Current assessment tool use non-modifiable risk factors to diagnose risks. It also 

takes non-genetic risk factors into consideration based on lifestyle [11]. Table 1 

shows the different type of risk factors. By predicting the risk of having breast cancer, 

a woman can plan her screening frequency and type of risk-reduction program. 

Ministry of Health Malaysia had introduced breast cancer prevention and screening 

policy known as Breast Self-Examination (BSE), Clinical Breast Examination and 

Mammogram Screening [2]. Mammogram is divided into two types – screening and 

diagnostic. After the mammogram screening, further tests are conducted for 

confirmation of cancer through ultrasound test and later, the biopsy is done to remove 

cells. This is because not all breast cancers can be detected through a mammogram. 

Figure 1 shows the example of mammogram results that is unclearly shows the sign 

of normal lump and cancer. 
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Table 1    Types of risk factors 

Non-modifiable Modifiable 

i. Gender and age 

ii. Individual cancer history 

iii. Family cancer history 

iv. Genetics 

v. Menstruation and menopause 

vi. Breast density 

i. Breast feeding duration 

ii. Oral contraceptives 

iii. Body mass index 

iv. Dose-specific alcohol effect 

v. Hormone replacement therapy 

(HRT) 

vi. Pregnancy 

vii. Radiation exposure 

viii. Smoking 

ix. Dietary factors 

x. Physical activity 

xi. Antiperspirant  

 

 

Figure 1    Mammography Result 
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A few established mathematical models such as Gail, Claus, Ford and Tyrer-Cuzick 

(IBIS) are constructed based the breast cancer risk factors. The models’ main 

purposes are to perform prediction of individual’s unique breast cancer risk [5,6]. 

However, each model performs different predictions, depending on the type of cases. 

Thus, a few types of assessments or risk calculator had been developed based on each 

model. For instance, Gail model is suitable for woman, which is not suspected of 

having hereditary breast cancer. Meanwhile the Claus model only uses family history 

as the risk factor. The risk factor is then expanded into first and second degree 

relatives (including paternal line) with cancer. Last but not least, Tyrer-Cuzick model 

is much more suitable for hereditary cases which is for woman with a gene mutation 

[5,6]. Despite each model does have its own limitations, pros and cons, Gail model 

has been widely applied in determining the risk. This is because its reliability has 

been validated and can be adjusted for both non-modifiable and non-genetic risk 

factor. Thus, depending on the various types of research, the risk factor of the model 

has kept changing accordingly [6].   

Each mathematical model is derived from several studies, which then will be tested 

and validated. However, to date, the Gail model is the only validated model which 

consists of logistic regressions, relative risks and odds ratios. This model eventually 

leads to an assessment tool that is widely used by health professionals and the 

National Cancer Institute (NCI) is known as Breast Cancer Risk Assessment (BCRA) 

Tool. 

1.2    Problem Statement 

Current BCRA tools only use data from the White and African-American women and 

incorporates it with Gail model. Thus, the result from the assessment might be varied 

and not reliable to be applied by the Asians, especially Malaysians. Many studies 

have been conducted, but only within the region of Europe. It is believed that breast 

cancer cases are depending on demographic factors. Studies show higher incidence 

recorded in developed country compared to developing countries. Recently, the Asian 

finally comes out with their own cohort study. The Singaporeans have conducted a 

study on breast cancer screening project using the Gail model in 2012. However, they 

have not come out with their own assessment model yet. In October 2013, the 
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Koreans managed to come out with their very own Korean Risk Assessment Model 

for Breast Cancer Risk (KoBRAT), even though there is no programmed calculator 

yet for KoBRAT. The assessment comes out to be different from the original BCRA. 

They reasoned out that Gail model is overestimated, which beefs up the hypothesis 

that the original BCRA is not true for Asians. Nevertheless, both studies agree that 

the breast cancer risk is increase proportionally with age. 

Therefore, in order to go in the Malaysia’s model, the risk assessment model has to 

redevelop from scratch to earn it a user-friendly tool which able to tweak based on 

user demand. There is also a need to reduce and add another risk factor in this 

assessment to satisfy the Malaysian data (cancer and mortality data). 

1.3    Objectives 

The objectives of this project are: 

 To develop a user-friendly risk assessment software solutions for the 

perspective of Malaysian women. 

 To evaluate the five year risk and lifetime breast cancer risk among women in 

Malaysia using developed software 

1.4    Scope of Study 

The assessment tool requires an understanding in both structured and object oriented 

programming. Engineering students only learned structured programming which can 

only be used for the calculation of the risk. Thus, the program will be coded in C# 

language together with both types of program in order to create a good graphical user 

interface (GUI). This project also requires the development of the GUI for the ease of 

use. Thus, this user-friendly software is an extension of the National Cancer Institute 

(NCI) software which has been revised to fit the objective of this project. The study 

also requires an understanding of the risk factors and relative risks that affect the 

result of the assessment.  
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CHAPTER 2 

LITERATURE REVIEW AND THEORY 

This section reviews the critical points and theories covered in this project. It consists 

of the definition of Gail model and understanding the concept of cohort and case-

control study. Next, statistical and mathematical approach is discussed in detail 

before integrating both approaches into engineering based programming. 

2.1    Gail Model 

Dr Mitchell H. Gail (Gail et al, 1989), a Biostatistician along with his colleague 

develops the Gail model – a renowned research paper discussed in detail regarding 

the risk calculation using complex mathematical statistic to assess breast cancer [6]. 

The original Gail model or known as Gail Model 1, takes the Breast Cancer Detection 

Demonstration Project (BCDDP) data, a supervision program specially conducted for 

white females (the Caucasians) back on 1970s regarding breast cancer [7,9,10]. The 

information incorporates for Gail model regarding risk components are age of the 

woman, age at woman’s first menstruation, age at woman’s first live birth, number of 

first-degree relatives with breast cancer, number of prior breast biopsies, and presence 

of atypia on biopsy [7,11]. Later, ethnicity or race is being added into the risk factor 

as further studies conducted. Data from BCDDP is very significant towards 

contributing breast cancer research.  It provides baseline age-specific breast cancer 

where an absolute risk can be estimated for breast cancers using the baseline value as 

shown in Figure 2 [7]. BCDDP does not stop after the supervision program ended. 

Follow-up study was carried out which consists of four different phases in order to 

collect more data especially regarding mortality rate. Absolute risk projected is the 

probability of a woman developing breast cancer within a certain period of time. The 

absolute risk for a woman increases with age. Starting from age 30, thirteen age 

groups are being created with  intervals of 5-years. By having intervals, the absolute 

risk can projected more accurately [7]. 
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Recognized as Gail model 2, this modified model was used by statisticians from the 

National Surgical Adjuvant Breast and Bowel Project (NSABP) for determining 

eligibility for Breast Cancer Prevention Trial (BCPT) [14]. The NSABP main 

objective is to create projections for risk development of invasive breast cancer. This 

modified Gail model uses composite age-specific rates of invasive breast cancer for 

white woman and black women (which adjusted for the race part) that were derived 

from the Surveillance, Epidemiology, and End Results (SEER) data [7,9,14]. By 

using the modified Gail model also, the risk of breast cancer occurrence in the 

upcoming 5 years and throughout the lifetime was predicted for the participant of 

BCPT and validated using data from the placebo arm [6]. The result of the modified 

Gail model is certified as accurate only for woman who undergo mammograms 

annually. However, since mammogram is usually conducted by an older woman, the 

result from modified Gail model turns out to be overestimated for young women. 

 

Figure 2    A graph of estimated baseline risk after 5 years follow up for original Gail 

model and the modified model 
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As only Gail model has been validated, it is undoubtedly very useful and preferably 

chosen among the other models. The current BCRA tool available is built from the 

modified Gail model where it gives options for different race and ethnicity of the 

woman. The probabilities of developing breast cancer in woman are being calculated 

for 5 year projection and lifetime projection [7, 9, 10]. Despite the Gail model is 

widely used, it has its own limitation where it does not include second-degree 

relatives, the paternal side of family and age at diagnosis of the family. 

This project uses modified Gail model as a risk assessment tool. As stated before, 

these are the key parameters for the modified Gail model. 

i. Age – older woman are prone to have breast cancer 

ii. Age at first menstrual period – woman that have early menstrual is said to 

have a higher chance of having breast cancer 

iii. Age at the time of the birth of first child (or has not given birth) – woman that 

gave birth at a young age are less likely to have breast cancer 

iv. Number of first-degree relatives with breast cancer – more relatives diagnosed 

with breast cancer increase the risk of having breast cancer 

v. Breast biopsies (number of biopsy and biopsy result) – the number of biopsies 

increases the risk of having cancer proportionally 

vi. Race/ethnicity – different racial group produces a different set of data 

However, to fit in the Malaysian case study, more key parameters should be taken 

into considerations apart from the modified Gail parameters. Note that family history 

and genetics are two different types of unmodifiable risk factors. Genetics is more 

toward hereditary where a cancer patient carries a gene mutation or abnormal gene. 

This gene is passed from parents to the patient. Urbanization and current lifestyle 

might give impact which directly contributes to add the risk factors. These listed key 

parameters are among other risk factors that lead to the cancer. [5,9]. 

i. Menopausal status 

ii. Duration of breast feeding 

iii. Oral contraceptives 

iv. Body mass index 
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v. Mammography density 

vi. Dose-specific alcohol effect 

vii. Hormone replacement therapy (HRT) 

viii. Radiation exposure 

 

These risk factors are categorized as non-genetic and modifiable risk factors. This is 

because; they are based on the woman’s lifestyle. However, there are also some of the 

other factors that might contribute as risk factors such as antiperspirants and bras, but 

these factors have yet been used as one of the assessment risk factors. 

2.2    Case-Control vs Cohort Study 

The studies for cancer research involve two types of analysis – the analysis of case-

control study and cohort study. A group of subjects that are chosen to compare either 

they are recognized as the disease carrier (the case) or non-disease carrier (the 

control) is defined as case-control study. These two groups are being observed on 

their exposure towards specific disease risk factors for validating the risk factors are 

the cause of disease.  This retrospective study can be done to validate multiple risk 

factors at particular time [13]. Concurrently, cohort is the population of people, which 

undergo observation over the specific time. They are being observed on the exposure 

of possible variable that is being set at the beginning of the cohort study. After the 

given period, the results or outcome of them is recorded and will be compared with 

the other same group that is not being exposed from the possible variable [13]. 

In the early research on assessment, Gail model uses Caucasian woman (White 

woman) as the cohort for BCDDP [7]. The woman participated are mixture of age 

and different health background. By undergoing periodic examination; the 

participants have been under observation for 5 years. Next, from the result of the 

BCDDP after 5 years, a case-control study was started [9, 10]. The case are 

participants that receive any treatment regarding breast cancer either they are having 

the disease or potential to have the disease. This group of women will then be 

compared with the participants that did not have any signs or potential to be 

diagnosed so (known as the control). A list of risk factors that contributing towards 



 

  9 

breast cancer development is acquired from the case-control study. This model was 

then repeated by using African American woman cohort [14]. 

To date, Asians have started to come out with their own cohort study. As different 

race or ethnic produce different estimation, the Koreans successfully came out with 

their KoBCRAT where it solely depends on their cancer centre cohorts. Again, from 

the cohort, they conduct the case-control study to smaller down the risk factors that 

lead to breast cancer [15]. The assessment still uses Gail model, however, with 

modification it becomes robust to be used for their own population. The study still 

maintains the division of two age’s categorization – above and below fifty years old, 

but with additional and drop off risk factor. Singaporeans also started to conduct the 

screening project to predict the risk, especially for the older (50 years and above) 

using their own population (cohort) [16]. This screening project is an achievement for 

the Asians as it is being conducted other than European and American country. 

 

 

Figure 3    Understanding case-control and cohort study 
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2.3    Statistical computing using survival analysis 

Survival analysis is defined as a compilation of statistical procedures for data analysis 

on the occurrence of events. The events can be disease incidence, injury, death, 

recovery, relapse from remission or any designated experience of interest. The 

objectives of this analysis are projecting time-to-event for a group of individuals, 

comparing time-to-events between two or more groups and to assess the relationship 

of co-variables to time-to-event [13]. 

The probability of developing breast cancer is made up of two components, mainly 

survival function  and hazard function  [7,13]. 

                                         

 

This two basic equations than being multiplied by each other to find the probability of 

developing of developing breast cancer between ages α and α + τ as in equation 3. By 

adding age-dependent relative risk r(t) and age intervals, probability is determined by 

equation 4 and 5.  

 

 

 

(1) 

(2) 

(3) 

(4) 

(5) 
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where for equation 4 and 5, S1, S2, τj-1 and τj are: 

 

 

 

Baseline hazard, h1(t) can be found out using the formula: 

 

To create the risk model and its associated relative risks, first we need to identify the 

unconditional logistic regression using the equation 10 and 11. 

 

 

α represents the overall disease risk, while β1 is the fraction by which the risk is 

increased (or decreased) by every unit change in X1; β2 is the fraction by which the 

disease risk is altered by a unit change in X2 and so on. The logit of a proportion ρ is 

the logarithm of the corresponding odds. If an variable X has a coefficient β, then a 

unit increase in X increase the log odds by an amount equal to β [13]. 

 

(9) 

(10) 

(11) 

(6) 

(7) 

(8) 
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The subscripts for the equations are defined in Table 2.  

Table 2    Subscript definitions 

Subscript Definition [3, 6, 13] 

 Probability of surviving the death due to breast cancer 

 Probability of surviving competing risks up to age t 

 Baseline age-specific hazard of developing cancer 

 Composite age-specific breast cancer incident rate 

 Risk of death due to other causes 

 Proportion of woman of age t in risk group i 

 1 minus attributable risk fraction for age t 

 Relative risk of the i-th group compared to the baseline 

group 

 Time j-th age interval 

 
Baseline age 

2.4    Numerical computing technique 

The next step to create a risk assessment is by changing the statistical computing into 

numerical computing. Thus, from logit and odds formula in equation 10 and 11, the 

value of relative risk for each risk factor can be calculated as per equation 12.  

 

Where X is the weights (0, 1 or 2) and β is the risk factors. The β value can be found 

from the logistic regressions express in equation 13. The risk factors together with its 

respective associated relative risks is shown in Table 3.  

(12) 
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Table 3    Risk model and associated relative risks 

Risk factor 
Associated 

relative risk 

A. MENSTRUAL AGE  

 ≥14 (0) 1.000 

 12-13 (1) 1.099 

 <12 (2) 1.207 

B. NO OF BIOPS  

 Age < 50 years  

  0 (0) 1.000 

  1 (1) 1.698 

  ≥2 (2) 2.882 

 Age ≥ 50 years  

  0 (0) 1.000 

  1 (1) 1.273 

  ≥2 (2) 1.620 

C. AGE OF FIRST LIFE BIRTH NUMBER OF RELATIVES  

 <20 (0)  0 (0) 1.000 

   1 (1) 2.607 

   ≥2 (2) 6.798 

 20-24 (1)  0 (0) 1.244 

   1 (1) 2.681 

   ≥2 (2) 5.775 

 25-29 or no birth (2)  0 (0) 1.548 

   1 (1) 2.756 

   ≥2 (2) 4.907 

 ≥30 (3)  0 (0) 1.927 

   1 (1) 2.834 

   ≥2 (2) 4.169 

D. BIOPSY WITH ATYPICAL HYPERPLASIA  

 Not applicable or unknown (0) 1.000 

 No (1) 0.930 

 Yes (2) 1.820 
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The subscripts for the equation 13 are defined in Table 4. All the subscript values are 

referred to Table 3. 

Table 4    Subscript definitions for logistic regression 

 

Subscript Definition [3, 6, 13] 

 Age at first menstruation 

 Number of biopsies 

 Age during first birth 

 Number of first degree relatives diagnosed with cancer 

 Age categories (<50 or ≥50) 

 

Proceeding to the total relative risk calculation, it is calculated as : 

 

After the calculation of total relative risk, some linear interpolation calculating was 

done with respect to years of follow up to calculate estimated risk, ER. It is basically 

using the initial relative risk (ri) and later relative risk (rf). The calculation of linear 

interpolation is as per equation 15. The estimated risk is  calculated based on years of 

follow-up – 10, 20 and 30 years. However, if the years of follow up does not change 

the age group, the only initial calculation is required. For example, a woman aged 30 

and requires a projected risk in 30 years. After 30 years, the woman change the age 

(13) 

(14) 
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categories to ≥50 years, which requires both initial relative risk (at age 30) and later 

relative risk (at age 60).  

 

The subscripts for the equation 15 are defined in Table 5. The values for the 

subscripts are referring to Table 6 which is the probabilities of breast cancer 

development based on follow up years, τ for patients with age, α and her respective 

relative risk value. The computations are then continue with a numerical integration 

technique which is based on trapezoidal rule. The full calculation is in the program as 

in Appendix A - E. 

Table 5    Subscript definitions for linear interpolation 

 

Subscript Definition 

 Initial risk 

 Calculated risk 

 Final risk 

 Initial projected probability 

 Estimated initial projected probability 

 Final projected probability 

 Estimated final projected probability 

 Initial relative risk  

 Estimated initial relative risk 

 Final relative risk 

(15) 
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 Estimated final relative risk 

 

Table 6    Projected probability based on years of follow up 

 

Initial age Follow up 

years 

Later relative 

risk 

Initial relative risk 

1.0 2.0 5.0 10.0 20.0 30.0 

20 10  0.0 0.1 0.2 0.5 1.0 1.4 

 20  0.5 1.0 2.5 4.9 9.5 14.0 

 30  1.7 3.4 8.3 15.9 29.3 40.5 

30 10  0.5 0.9 2.3 4.4 8.7 12.8 

 20  1.7 3.3 8.1 15.6 28.8 39.9 

 30 1.0 3.2 4.8 9.5 16.9 29.9 40.8 

  2.0 4.7 6.3 10.9 18.2 30.9 41.7 

  5.0 8.9 10.4 14.9 21.8 34.0 44.3 

  10.0 15.6 17.1 21.2 27.6 38.8 48.3 

  20.0 27.6 28.8 32.3 37.8 47.4 55.5 

  30.0 37.7 38.7 41.8 46.4 54.7 61.7 

40 10  1.2 2.5 6.1 11.8 22.2 31.3 

 20 1.0 2.8 4.0 7.5 13.1 23.4 32.4 

  2.0 4.3 5.5 8.9 14.5 24.5 33.4 

  5.0 8.6 9.7 13.1 18.3 28.0 36.4 

  10.0 15.4 16.4 19.5 24.4 33.3 41.1 

  20.0 27.4 28.4 30.9 35.2 42.7 49.5 

  30.0 37.7 38.5 40.7 44.3 50.8 56.6 

 30 1.0 4.4 5.6 9.1 14.6 24.6 33.5 

  2.0 7.4 8.6 11.9 17.3 27.0 35.6 

  5.0 15.9 17.0 20.0 24.9 33.7 41.5 

  10.0 28.3 29.2 31.8 35.9 43.4 50.0 

  20.0 47.5 48.1 50.0 53.1 58.5 63.4 

  30.0 61.2 61.6 63.1 65.3 69.3 72.8 
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50 10  1.6 3.1 7.6 14.6 27.1 37.7 

 20  3.2 6.4 15.1 27.9 47.8 61.9 

 30  4.4 8.5 19.9 35.5 57.8 71.7 

60 10  1.8 3.6 8.6 16.5 30.1 41.5 

 20  3.0 5.9 14.0 25.9 44.6 58.2 

70 10  1.4 2.7 6.7 12.9 24.1 33.7 
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CHAPTER 3 

METHODOLOGY AND PROJECT WORK 

This chapter discusses the procedure and tools such as equipment and hardware to be 

implemented and utilized throughout the course of completing this project. 

3.1    Procedure 

This project requires an understanding of the Gail model approach and the steps to 

program the collected data. The main output from this project is the projected risk of 

breast cancer in 5 years and throughout lifetime. The calculation is being done 

through a program in Microsoft Visual Studio using C# language. 

3.1.1 The Gail Model Approach 

 

Figure 4    Gail model method 
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Preliminary research: This is the first step to take in order to complete the project. The 

steps focused on collecting all relevant information that is related to the project. The 

information was obtained from trustworthy sources such as journals, articles, books, and 

technical papers. All the information obtained later will help in planning the best way to 

undertake the project and what to expect at the end of the project. 

Identify risk factors:  Anything that affects woman to be diagnosed as having breast 

cancer is known as risk factor. Identifying risk factors mean to decide whether to new 

risk factors or maintain the current risk factors, which is depending on mortality data 

as well as demographic.  

Collecting / Modelling data: The data obtained (competing hazard and incidence 

hazard) should be transformed in the form of numerical data. Most data are given in 

term of numerical or graphical. The data that needs to be transformed into numerical 

data are age specific breast cancer composite index (h1
*
) and age competing specific 

hazards (h2). 

Understanding the statistical equations: The statistical equation listed in Chapter 2 

consists of survival analysis, baseline hazard and age-specific hazard.  Age and 

projected age are very significant for all the equations. Thus, in order to get more 

precise calculations, the age is being divided into 5 year interval starting from age 35 

until 90.   

Calculating the regression and relative risk: Logistic regression is the main 

component that is being used throughout the calculation. From the logit, a relative 

risk table can be produced. The total relative risk is then calculated by the 

multiplication of all relative risk from the list of risk factors. 

Programming prediction tool:  

Few steps of programming methodology have been planned and divided as below. 

Detail discussion regarding programming is shown in a flow chart in Figure 5. 
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i. Familiarization Process 

This process is to familiarize with the software that will be used. The 

familiarization process includes learning C# language, learning to design user 

interface, and how object-oriented program works. 

ii. User interface design 

The reason for having a GUI is for users to understand what are the risk 

factors (parameters) that are contributing to breast cancer. It is also to ensure 

users can easily assess, understand and use to facilitate the actions. Some 

important elements that needed to be in the interface are input controls which 

consist of text fields, buttons, combo boxes, and date field. Other elements are 

navigational components and informational components such as message 

boxes. 

iii. Converting user input 

The coding does not read directly into the input value. Since the value taken 

from user consist a range of numbers, each input will be converted into the 

small scale value of numbers – 0, 1, 2 or 3. The reason changing into these 

small scale value is to ease the calculation part in the coding without using 

bigger memory. 

iv. Testing the program and the improvement of the GUI 

The program should be working properly by showing the outputs. Any errors 

and problems should be overcome. More elements can be added to GUI 

enhancement.  

Analysis of results: After the data obtained and program shows output result, 

analysis of results will be done. All the results based on parameter manipulation will 

be used in order to justify and meet the objective of the project, which is to develop a 

user-friendly risk assessment software solutions for the perspective of Malaysian 

women 
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3.1.2 Calculation of predicting risk 

 

Figure 5    Flow chart of project 
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This project is mainly on statistical and numerical computing programming. The 

software tool is based on C# object oriented programming using Visual Studio.The 

predicting tool is designed by creating user interface using the windows form 

application. The interface is designed in a form where designers can add controls to 

the form, set initial properties and write the handlers for specified event.  The main 

program is programmed using class – a constructor that establishes the initial values, 

equations and calculation which act as a class. Several classes as per Appendix A-E 

are constructed to distinguish between the data initialization and calculation, 

converting input into a respected code value, and collecting input from the user.  The 

predicting tool shall calculate 5 years projected risk as well as lifetime risk as the 

output. 

3.2    Milestones 

The target milestones for the project are shown in Figure 6 

 

Figure 6    Projected milestones 



 

 

3.3    Gantt Chart 

Table 7    Risk assessment gantt chart 

PROJECT FLOW / TASK 

WEEK 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Title selection                             

Understanding the concept of Gail model                                                         

Application of Gail model in other cohort                                                         

Determining the risk factors of breast 

cancer 
                                                        

Extended Proposal                                                         

Understanding the equations involved in 

projecting risk 
                                                        

Comparing the original model with 

modified model 
                                                        

Proposal Defense                                                         
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Verifying the original modelled equation                                                         

Modelling the model by using Malaysian 

data 
                                                        

Draft of translating equations into coding                                                         

Draft interim report                                                         

Programming using Visual Sudio                                                         

Submission of interim report                                                         

Programming – Software design                                                         

Testing and validation                                                         

Improvement of user interface (GUI)                                                         

Submission of progress report                                                         

Pre-SEDEX                                                         

Submission of technical paper                                                         

Submission of dissertation                                                         

FYP Viva                                                         



 

 

CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter discusses the outcomes of the studies carried out to date, progress made 

and the steps to be taken in the project’s progress towards its completion. 

4.1    Project Progress 

The programming has started the second part of this project. Due to complexity and 

analysis to understand the equation, the programming progress is being delayed. The 

initial plan on constructing the program is by using the reference from current 

BCRAT using SAS [11]. 

4.1.1 Software Installation 

Up until week 14, the software chosen to code programming is MATLAB. However, 

Microsoft Visual Studio is chosen as finalized software as the code editor can be used 

in many languages – static and dynamic. Static programming language available is 

C#, C++ and VB.Net, while dynamic language available is IronPhyton, IronRuby and 

JavaSCript. Languages such as HTML, XAML and SQL are also supported. For this 

project, code will be programmed in C# language. C# is another C style language. 

However, it takes time to understand the new object oriented language and class as 

well as familiarization with the applications – form application, console application 

and presentation application which lead with the delayed coding program. The 

software has to be installed twice due to Visual Studio is not supporting the three 

applications. It is meant for creating apps. Problem solved when the actual software 

to be used is Visual Studio for Desktop. 
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4.2    Assessment Coding 

The whole project starts with transforming the statistical mathematics into numerical 

engineering method using trapezoidal rule and interpolation. The equations then 

being coded into a programming language. The assessment tool is also regarded as 

risk calculator where the coding results in projecting 5 year and lifetime risk. The 

coding use C# language (object oriented programming) using Visual Studio.  The 

software used fits the objective of the project, which is to create a user friendly 

assessment tool. 

The six parameters (risk factors) used in the program is not just a plain parameter. 

Every values that are chosen gives a significance value which contributes to its own 

weightage (β) as stated in equation 11.  

 

Figure 7    Risk factors weightage (β) 

Using the situation as in Chapter 2, data are being set up as shown in Figure 7 and 

shows the expected result. 



 

  27 

 

Figure 8    Setup simple data 

 

Figure 9    Result of the calculation 

The data use of this program are logistic regression value, age category boundaries, 

age-specific competing hazard (h2), age specific composite incidence (h1*), 

conversion factors and baseline hazards. Appendix A shows the data for this 

program. Figure 10 shows one of the calculation in the program to find the absolute 

risk. The equation is derived from the equation 4 and 5 in Chapter 3. It takes the 

interval of 5 years and calculate based on average and absolute risk. 

 

 

Figure 10    Absolute risk calculation 

 

abs[i -1] =1.0-Math.Exp(-(rlan[ni -1]*Math.Exp(sumbb[v 
             i -1]) + rmu[ni -1]) * (ts - ti));………………………v… 

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 
abs[i -1] = abs[i -1] * rlan[ni -1] *Math.Exp(sumbb[vx 

       sumbb[i -1]) /(rlan[ni -1] *Math.Exp(sumbb[l 

               i -1]) + rmu[ni -1]);vvvvvvvvvvvvvvvvvvvvvvvv 
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4.3    User interface 

The Windows Form Application (WFA) in the Visual Studio turns out to be such a 

user-friendly user interface (UI) which suits the objective of this project. The form is 

a visual surface which displays information to the user and provides controls to the 

form – either to accept or display data. The figure shows an assessment form where 

the user will choose items from the combo box. They will then have the option to 

calculate their risk either in 5 years ahead or lifetime projection. 

 

Figure 11    Designing Assessment Form 

The main form requires the user to key in first and last name as well as patient ID. 

Patient ID is required to save patient data so that a copy of the transcript of patients’ 

risk can be monitored. This is part of user-friendly because it helps both patient and 

health professionals to save the patient’s record. Indirectly, patients can understand 

and know what type of prevention method should she follow. Figure 12 shows the 

example of the main form of this project. Figure 13 shows the questionnaire that 

should be answered by the patient, which is the main calculation program is 

happening in this form. 

Combobo

x 

Exit 

button Calculate 

button 
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Figure 12    Main Form 

 

Figure 13    Assessment Form 

The result of the assessment will be shown immediately and a record is save in .txt 

format according patients’ ID as shown in Figure 14. 
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Figure 14    A copy of patient’s record 

4.4    Results 

The results of the assessment are being discussed according to the listed risk factors. 

Note that for every risk factors, age and respected factors act as manipulated variable 

while the other factors remain constant.  

The first risk factor is age. As the age of a woman increase, their probability of 

having breast cancer is also increased. Figure 15 shows the result of the 5 year and 

lifetime risk calculation by changing the age and kept the other risk factors constant. 

From the figure, estimated 5 year risk of woman keep increasing based on every 5 

year interval. However, the longer the projected year, the risk of having breast cancer 

is increasing because growth of cancer is a slow process. This means older women 

can be estimated as high risk of having breast cancer compared to the younger 

woman.  
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Figure 15    Age vs percentage risk 

Figure 16 shows the result of the 5 year percentage risk for menstrual age. The graph 

shows two significant data. The first one shows as age increase, the risk for any 

categories of menstrual age also increases. It clearly shows that early menstrual age 

contributes to higher risk compared to late menstrual cycle. The second one is for 

each age boundary, early menstruation clearly shows high risk. Therefore, the 

hypothesis are concluded as early menstrual age will contribute bigger chance in 

breast cancer development  due to prolonged exposure to estrogen. 

 

Figure 16    Relationship between first menstrual age and risks 
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Figure 17 shows the result of the 5 year percentage risk for first birth age. The graph 

shows two significant data. The first one shows as age of women undergo assessment 

increase, the risk for any categories of first birth also increases. However, it still 

clearly shows that early first birth age contributes to smaller risk. This refers back to 

figure 15 where the risk is proportional to age. The second one is for each age 

boundary, early first birth age clearly shows lower risk. However, the risk values of 

no birth categories and 25-29 years boundary are same. Therefore, the hypothesis is 

concluded as late first birth age will contribute bigger chance in breast cancer 

development.  

 

Figure 17    Relationship between age of first live birth and risks 

Figure 18 shows the result of the 5 year percentage risk for number of relatives 

diagnosed with breast cancer. The graph constantly shows for each age boundary, the 

risk is very high for those who have more than one relatives diagnosed with breast 

cancer. Unlike the other risks before, the highest risk can achieve up to almost 8%. 

The other two factors before does not exceed more than 3% before. This shows that 

the family history of  a patient is very crucial in determining the risk. 
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Figure 18    Relationship between number of families with breast cancer and risks 

Figure 19 shows that women that never undergo any breast biopsies are less to be 

projected with breast cancer. However, any women with hyperplasia tends to have 

much higher risk, even though they only had undergone one biopsy.  

  

Figure 19    Relationship between number of family with breast cancer and risks 
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From the results of the programming, it is concluded that among the factors that 

contribute high percentage risk are: 

i. Older woman 

ii. Early menstrual age 

iii. Late giving birth  

iv. More family members diagnosed with breast cancer 

v. Undergo fews of breast biopsies diagnosed with hyperplasia 

The results from the graphs shown the program is validated as per conclusion above. 

Indirectly, it shows that the program built are reliable and practical. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1    Conclusion 

Although there is slight delayed in progress, the coding is workable and reliable. 

Problems have been overcome and the project continued. Detailed study carried out 

have provided a better understanding on the project, notably in areas programming 

language, GUI, and mathematical modelling. This project has been a learning 

experience to understand the application of object oriented programming in real 

world applications. This project also shows that each risk factor is interrelated and 

play an important role in determining the projected risk.  

 

In conclusion, the progress made to date have been significant and will be essential 

towards the completion of the project. The success of this project will be a major 

improvement in the breast cancer assessment especially in Malaysian cohort. 

5.2    Recommendation 

Although the program is completed, it is better to explore additional risk factors, so 

that a much more reliable assessment can be obtained. However, in order to add more 

risk factors, the logistic regression equation should be changed. Further 

improvements may be required in order to obtain better results. 
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APPENDIX A 

BCRA CLASS 
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APPENDIX B 

CONVERTING CLASS 
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APPENDIX C 

RISK CLASS 
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APPENDIX D 

FORM 1 CODING 
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APPENDIX E  

BCRA CLASS 
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