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-------------------------------------------------------- ABSTRACT--------------------------------------------------------------Breast cancer is the most frequently occurring cancer as well as the most fatal form of malignancy among
Malaysian women. This study aimed to highlight the survival rate of Malaysian breast cancer patients in hope
by knowing the pattern of survival and related prognostic factors. This study was conducted using secondary
data obtained from a general hospital in Johor Bahru. All 38 cases of breast cancer diagnosed from January
12, 2006 to February 15, 2017 were selected. Age, ethnicity and treatment received were collected to determine
prognostic factors. The Chi-square test of independence determines if two variables are independent of one
another. Patients’ age (p-value = 0.602) and ethnicity (p-value = 0.284) have no association with the survival
status of patients while treatment received (p-value <0.001) has association with the patients’ survival status.
Kaplan-Meier method was used to estimate the survival curves of the breast cancer patients. Patients under 40
years old had a poor survival compared to the patients aged between 41-60 years old and patients above 60
years old. Malay patients tend to have a poorer survival after breast cancer compared to Chinese, Indian and
Others ethnic. Patients who received both local and systemic therapy treatment experience death more quickly
during the period of study. Log-rank test was used to test the significant difference between the survival
experiences of the patients. Treatment group was found to have a significant difference in the survival
experience; whereas age group and ethnic group of the breast cancer patients do not have a significant
difference in the survival experience.
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I. INTRODUCTION
Breast cancer is a malignant tumor arising from the cells of the breast. It predominantly occurs in
women, but in rare cases men can get breast cancer too [1]. Breast cancer is highly curable if diagnosed at an
early stage. There are multiple factors that influenced the survival of breast cancer patients including age at
diagnosis, ethnicity, cancer staging at diagnosis, lymph nodes status, treatment received, immunohistochemistry
subtype, nuclear grade, histological grade, access to care and environmental factors [2]. There are multiple
factors that influenced the survival of breast cancer patients including age at diagnosis, ethnicity, cancer staging
at diagnosis, lymph nodes status, treatment received, immunohistochemistry subtype, nuclear grade, histological
grade, access to care and environmental factors.
As stated by World Health Organization [3], breast cancer is the most commonly diagnosed cancer
among women, impacting 2.1 million women each year. The prevalence of breast cancer was reported as
increasing in most of the Asian countries [4], [5] and [6]. Breast cancer is the most frequently occurring cancer
as well as the most fatal form of malignancy among Malaysian women [7]. According to the GLOBOCAN 2018
released by the International Agency of Research on Cancer (IARC), among the South-Eastern Asia countries,
Malaysia has the fourth highest estimated age-standardized incidence rate of breast cancer which accounts for
47.5 deaths per 100,000 population and second highest estimated age-standardized mortality rate of breast
cancer which accounts for 18.4 deaths per 100,000 population [8].
The survival analysis, an important branch of statistics, commonly used in medical studies to develop
and validate prognostic index for mortality or disease recurrence, and to measure the outcome of treatment
[9].Survival analysis is generally defined as a set of methods for data analysis, for which the outcome variable
of interest is time until an event occurs [10]. An event may be either cure or death. Clearly define both the
beginning of the period of time and the time of the event is important. The time between the two is known as
survival time, even when the event which ends it is not death [11].
Survival analysis is concerned with time-to-event or survival data. Generally, it dealt with death as the
event, but it can handle any event occurring over a period of time, and this need not be always adverse in nature.
When the outcome of a study is the time to an event, it is often not possible to wait until the event in question
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has happened to all the subjects, for example, until all are dead [12]. This phenomenon is known as censoring
due to information is incomplete for these subjects. Censoring may occur when patients have not yet
experienced the event such as relapse or death before the study ends or they lost to follow-up during the study
period or they experience a different event that make further follow-up impossible such as died from causes
unrelated to the disease [13]. In the presence of censoring, the true time to event is underestimated. Visualising
the survival process of an individual as a time-line, their event is beyond the end of the follow-up period. This
situation is often called right censoring. Traditional regression methods are not equipped to handle censoring
and hence survival analysis methods are the only techniques capable of handling censored observations without
treating them as missing data [12].
The survival analysis has been widely used in various fields, including sociology for “event-history
analysis” [14], engineering for “failure-time analysis” [15] and medical for “patients-survival time analysis”
[16] , 17] and [18]. In medical studies, most of survival analysis use Kaplan-Meier plots to visualize survival
curves [19], log-rank test to compare the survival times between two or more treatment groups [20] and Cox
proportional hazards regression to investigate the relationship of predictors and the time-to-event through the
hazard function [21].
In this study, survival analysis is used in the medical field for analysing the survival time of breast
cancer patients in Johor. The dataset used in this study comes from Hospital Sultan Ismail, Johor Bahru.
Hospital Sultan Ismail (HSI) is a 704 bed tertiary specialist hospital located in urban Johor Bahru.

II. RESERCH METHODOLOGY
Current study is based on 38 patients who admitted in Hospital Sultan Ismail, Johor Bahru during the
period of January 12, 2006 to February 15, 2017. The data is a right-censored data since some of the patients
were still alive at the end of the study.
There are five variables of interest were included in this study which are age, ethnicity, treatment
received, survival status and survival time. Patients were organized into three groups: younger than 40 years old
(<40), 41-60 years old and older than 60 years old (>60). Patients‟ ethnicity was categorized into four groups i.e.
Malay, Chinese, Indian and others. Patients‟ treatments included local therapy treatment (radiation therapy),
systemic therapy treatment (chemotherapy, hormone therapy, chemoradiotherapy and surgery) and both local
and systemic therapy treatment. Survival status is indicated in „1‟ where the patients have experienced death
from breast cancer and „0‟ where the patients is still alive.
Chi-square Test of Independence
Chi-square test of independence is an analysis that investigate the independency of the variables
included in the population. To test the independence of two categorical variables with Chi-square test of
independence, one calculates the frequency of cases in each of a contingency table that is expected assuming the
variables are independent and summarize the degree to which the obtained frequency counts in cells of the table
depart from the expected values.
As with parametric tests, the non-parametric tests, including the 𝜒 2 assume the data were obtained
through random selection. However, it is not uncommon to find inferential statistics used when data are from
convenience samples rather than random samples. To have confidence in the results when the random sampling
assumption is violated, several replication studies should be performed with essentially the same result
obtained.[22] The formula of the Pearson Chi-square test is shown in equation (3.1):
(𝑂 − 𝐸)2
(3.1)
𝜒 2 𝑖−𝑗 =
𝐸
Same with other statistical tests, the Chi-square test assumes a null hypothesis and an alternate
hypothesis. The null of the Chi-square test is the two variables are independent and the alternate hypothesis is
that they dependent. If the p-value that comes out in the result is less than the significance level, which is 0.05
usually, then the null hypothesis is rejected.
Survival Analysis
Survival analysis is generally defined as a set of methods for analysing data where the outcome
variable is the time until the occurrence of an event of interest. The event can be death, occurrence of a disease,
marriage or divorce. The survival time can be measured in days, weeks and years [23].
To predict the time to event with survival data, the best and most convenient way is to identify the probability
density function of time to event, 𝑓 𝑡 . The formula is given in equation (3.2):
𝑃(𝑡 ≤ 𝑇 < 𝑡 + Δ𝑡)
(3.2)
𝑓 𝑡
for t > 0.
= lim
,
Δ𝑡→0
Δ𝑡
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Survival function, 𝑆 𝑡 gives the probability that a person survives longer than some specified time 𝑡. It gives
the probability that the random variable 𝑇 exceeds the specified time 𝑡. The formula is shown in equation (3.3):
∞

𝑆 𝑡

=

𝑓 𝑢 𝑑𝑢
𝑡

=𝑃 𝑇≥𝑡
=1−𝑃 𝑇 ≤𝑡
=1−𝐹 𝑡 ,

(3.3)
for t > 0.

Hazard function, ℎ 𝑡 gives the instantaneous potential per unit time for the event to occur, given the individual
has survived up to time 𝑡. It is the probability of failure in an infinitesimally small time period between 𝑡 and
𝑡 + ∆𝑡 given that the subject has survived up till time 𝑡. The formula is given in equation (3.4):
𝑃(𝑡 ≤ 𝑇 < 𝑡 + Δ𝑡 𝑇 ≥ 𝑡)
ℎ(𝑡)
= lim
Δ𝑡→0
Δ𝑡
𝑃(𝑡≤𝑇<𝑡+Δ𝑡)
lim
Δ𝑡
(3.4)
= Δ𝑡→0
𝑃(𝑇 ≥ 𝑡)
𝑓(𝑡)
=
𝑆(𝑡)
Censoring
Medical and epidemiological studies are mostly conducted with an interest in measuring the occurrence of an
outcome event. When the outcome of a study is the time to an event, it is often not possible to wait until the
event has happened to all the subjects [24]. Hence, censoring is common in medical studies.
Kaplan-Meier Method
Kaplan-Meier Method is a non-parametric statistic. It is the most popular method used for survival analysis. The
Kaplan-Meier estimator consists of the product of a number of conditional probabilities resulting in an estimated
survival function in the form of a step function [25]. The survival probability at any particular time is calculated
by the formula given in equation (3.5):
Number of subject living at the start - Number of subject died
(3.5)
=
𝑆 𝑡
Number of subjects living at the start
The Kaplan-Meier product-limit estimator is given in equation (3.6):
1
,
𝑡 < 𝑡1
𝑑
𝑖
=
𝑆 𝑡
1−
,
𝑡 ≥ 𝑡1
𝑛𝑖

(3.6)

𝑖: 𝑡 𝑖 ≤𝑡

The graph of s(𝑡) against 𝑡 is called the survival curve. The Kaplan–Meier method can be used to estimate this
curve from the observed survival times without the assumption of an underlying probability distribution [26].
The cumulative surviving is given in equation (3.7):
= 𝐾1 × 𝐾2 × 𝐾3 × … × 𝐾𝑝
(3.7)
𝑆 𝑝
The proportion surviving period 𝑖 having survived up to period 𝑖 is shown in equation (3.8):
𝑟𝑖 − 𝑑𝑖
=
𝐾
𝑟𝑖

(3.8)

Log-rank Test
The log-rank test is used to compare the survival distribution of samples. It is used to determine
whether or not differences exist in the survival experiences of two groups. The log-rank test analyses the null
hypothesis. The null hypothesis of the log-rank test is there is no difference in survival between two independent
groupsand the alternate hypothesis is that there is difference in survival between two independent groups. If the
p-value that comes out in the result is less than the significance level, which is 0.05 usually, then the null
hypothesis is rejected [25]. The log-rank statistic is calculated by the formula shown in equation (3.9):
(𝑂1 − 𝐸1 )2 (𝑂2 − 𝐸2 )2
(3.9)
Log − rank statistic
=
+
𝐸1
𝐸2
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III. RESULTS AND DISCUSSIONS
The Chi-square test of independence determines if two variables are independent of one another. In this
study, age group, ethnicity and treatment receive served as the independent variables. The dependent variable
was survival status of patients. The null of the Chi-square test is the two variables are independent and the
alternate hypothesis is that they dependent.
H0
H1

= The two variables are independent with each other
= The two variables are dependent with each other
Table 1: Chi-square test of independence

Variable
Age
Ethnicity
Treatment received

Pearson Chi-square Value
1.015
3.798
18.552

p-value
0.602
0.284
0.000

Based on Table 1, Chi-square test of independence resulted in P(χ2 > 1.015) with p-value of 0.602 for
patients‟ age vs survival status and P(χ2 > 3.798) with p-value of 0.284 for patients‟ ethnicity vs survival
status. Since both of them have p-value greater than 0.05, we do not reject the null hypothesis. We can conclude
that patients‟ age and survival status as well as patients‟ ethnicity and survival status are independent with each
other. As for treatment received and survival status, the Chi-square test statistic is found by P(χ2 > 18.552)
with p-value of 0.000094. Since the p-value is less than 0.05, we reject the null hypothesis. It provides strong
evidence to suggest that treatment received and patients‟ survival status are dependent.
The Kaplan–Meier estimator is a non–parametric estimator, used to estimate the survival distribution
function from survival data. The plot of survival curves is an important part of survival analysis for each group
of interest.

Figure 1: Comparison of Kaplan–Meier survival curve by age at diagnosis

Figure 2: Comparison of Kaplan–Meier survival curve by ethnicity
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Figure 3: Comparison of Kaplan–Meier survival curve by treatment received
Based on Figure 1, patients in the young group experience death more quickly in the course of time as
indicated by the quick successive drops of the line graph. From Figure 2, Malay patients with breast cancer were
associated with substantially increased risk of death as compared to other ethnic groups. Based on Figure 3,
patients who received both local and systemic therapy treatment experience death more quickly in the course of
time.
The log-rank test is used to determine whether or not differences exist in the survival experiences of two groups.
The null of the log-rank test is there is no difference in survival between two independent groups and the
alternate hypothesis is that there is difference in survival between two independent groups.
H0 = There is no significant difference in survival between groups
H1 = There is a significant difference in survival between groups
Table 2: Log-rank test
Age group
Ethnic group
Treatment group

Log Rank (Mantel-Cox)
0.330
4.534
15.374

p-value
0.848
0.209
0.000

Table 2 displays the log-rank statistic. The log-rank statistic for age group is 0.330, and the p-value =
0.848, this indicates that the null hypothesis is not rejected. The breast cancer patients in the three age groups
have no significant different survival curves at 5% level of significance.
The log-rank statistic for ethnic group is 4.534, and the p-value = 0.209, this indicates that the null
hypothesis is not rejected. It indicates that the breast cancer patients in the four ethnic groups have no significant
different survival curves at 5% level of significance.
The log-rank statistic for treatment group is 15.374, and the p-value =0.000459, this indicates that the
null hypothesis is rejected. The breast cancer patients in the three treatment groups have significant different
survival curves at 5% level of significance.

IV. CONCLUSION
In this study, the age and ethnicity of breast cancer patients give no significant effect on the survival
status of the patients. Meanwhile, the treatment given have significantly affect towards the survival status of
breast cancer patients. Women under 40 years of age had a poor survival compared to the other two age groups.
Malay patients tend to have a poorer survival after breast cancer compared to the other three ethnic groups.
Patients who received either local therapy treatment or systemic therapy treatment had higher survival rather
than those who received both local and systemic therapy treatments. Treatment group was found to have a
significant difference in the survival experience; whereas age group and ethnic group of the breast cancer
patients do not have a significant difference in the survival experience.
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