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Abstract: Statistical methods for survival data analysis have continued to flourish in the last two decades.
Applications of the methods have broadened from their historical use in cancer and reliability research used
in the fields of business, criminology, epidemiology, and social and behavioral sciences. Survival analysis
consists of studies of the survival time of a subject (days, weeks, months, or years), which is the time that
elapses between the baseline and the moment an adverse event occurs, or the subject drops out of the trial. A
retrospective study of 468 breast cancer patterns over a period of one year, i.e., from December, 2021 to
November 2022, was collected from the medical records at the Jakka Sujathamma Cancer Detection Centre,
Nellore, Andhra Pradesh, India. The log-rank test revealed a statistically significant difference in patient
survival times, and it can be deduced that tumor size, family history, advanced stage, and age all have an
impact on the disease. The three main risk factors for breast cancer death are stage, grade, and tumor size.
Age is one of the most significant risk factors in the Cox PH model analysis; as age rises, so does the likelihood
of developing breast cancer.
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INTRODUCTION:

In many clinical studies, the main response variable is often the time to the occurrence of a particular event.
In a case of cancer study, for example, surgery, radiation and chemotherapy might be compared with respect
to the time from randomization and the start of therapy until death. In this case the event of interest is the death
of a patient, but in other situations it might be the end of a period spent in remission from a disease, relief from
symptoms, or the recurrence of a particular condition. Such data are generally referred to by the generic term
survival data even when the endpoint or event being studied is not death but something else. Questions of
interest for such data involve comparisons of survival times for different treatment groups and the identification
of prognostic factors useful for predicting survival times. [1,3,8]

Survival analysis can also be used to measure the time to any defined event. Methods for survival analysis
allow analysis of such rates without assuming that they are constant. Survival analysis methods are important
in trials where participants are entered over a period and have various lengths of follow-up. These methods
permit the comparison of the entire survival experience during the follow-up and may be used for the analysis
of time to any dichotomous response variable. [6,9,13]

In survival analysis, Survival time can be defined broadly as the time to the occurrence of a given event.
This event can be the development of a disease, response to treatment, relapse, or death. The “survival time”
refers to a number of years, months, weeks or days from the beginning of the patient observance till the
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occurrence of an observed event (death). Therefore, survival time can be tumor-free time, the time from the
start of treatment to response, length of remission, and time to death. Survival data can include survival time,
response to a given treatment, and patient characteristics related to response, survival, and disease development.
[10,20].

Cancer is a group of diseases that cause cells in the body to change and grow out of control. Most types of
cancer cells eventually form a lump or mass called a tumor, and are named after the part of the body where the
tumor originates. Cancer prevalence is defined as the number of living people who have ever been diagnosed
with cancer. It includes people diagnosed with cancer in the past as well those who were recently diagnosed.
One in two men and one in three women will be diagnosed with cancer in their lifetime. [2,3,14]. Starting at
diagnosis and until the end of treatment, patients with breast cancer receive most of their healthcare from
specialists such as a surgeon, medical or radiation oncologist, etc. Once treatment is finished, most of the
medical care for these patients will be provided by their primary care clinician. Breast cancer occurs mostly in
older women, and many of them have other health issues that are treated by primary care clinicians. [19]

Most breast cancers begin in the parts of the breast tissue that are made up of glands for milk production,
called lobules, and ducts that connect the lobules to the nipple. The remainder of the breast is made up of fatty,
connective, and lymphatic tissues. Breast cancer is typically detected either during a screening examination,
before symptoms have developed, or after a woman notices a lump. Most masses seen on a mammogram and
most breast lumps turn out to be benign; that is, they are not cancerous, do not grow uncontrollably or spread,
and are not life-threatening. When cancer is suspected, microscopic analysis of breast tissue is necessary for a
definitive diagnosis and to determine the extent of spread (in situ or invasive) and characterize the type of the
disease. The tissue for microscopic analysis can be obtained via a needle or surgical biopsy. Selection of the
type of biopsy is based on individual patient clinical factors, availability of biopsy devices, and resources
[2,14,18].

The common sites of cancer in females are cervix uteri’s, breast, mouth, ovary, thyroid, vagina, stomach,
lung and other types of cancers. Among them, Breast cancer is the most common of all cancers and is the
leading cause of cancer deaths among women worldwide. According to estimated number of new cases, both
sexes, all ages, in 2020, the breast cancer (13.5%) has held the position of first rank among the top leading
cancers when compared with other types of cancers in in India. [19]

An increase in breast cancer incidence in recent years has resulted in a substantial portion of health care
dollars being directed towards research in this area. The aims of such research include early detection through
mass screening and recurrence prevention through effective treatments. The focus of the investigation was to
determine which prognostic measures were predictive of breast cancer recurrence in female patients. Since all
breast cancer patients in this report were female, only age and summary distribution of demographic data in
the two populations were to be compared. [11,12]. Some statistical notes on survival probabilities (Kaplan—
Meier method) have been used. The higher stage, grade, age and history of benign tumor were, the most
important risk factors were correlated to mortality in breast cancer patients [2,16]. In a study, comparison of
Survival Rates between Chinese and Thai Patients with Breast Cancer conclude that the both Chinese and Thai
women need improvement in prognosis, which could conceivably be attained through increased public
education and awareness regarding early detection and compliance to treatment protocols [23].

In the past four decades, survival analysis has become one of the most frequently used methods for analyzing
data in disciplines ranging from medicine, epidemiology, and environmental health, to criminology, marketing,
and astronomy. In many clinical and epidemiological studies, participants or patients may leave the study
before it ends and therefore become lost to follow-up.

Inspected by the work done in this direction, an attempt is made in the present study by present authors to
compare the survival pattern of patients of different age and income groups suffering with cancer disease. The
main aim of the present study is to study some aspects of survival analysis techniques in clinical studies.

MATERIALS AND METHODS:

A retrospective study of 468 breast cancer patterns over a period of one year i.e., from December, 2021 to
November, 2022 was collected from the medical records at the Jakka Sujathamma Cancer Detection Centre,
Nellore, Andhra Pradesh, India. At this center, different types of treatments are giving for the cancer patients
from urban and rural areas.

In this study, survival pattern of cancer patients was studied and survival estimates were calculated using the
Kaplan-Meier method. Log rank test was used to test the equality of the groups over the survival distribution
estimates. [7, 13,15,22] Cox Proportional Hazard (PH) model with forward conditional method was used to
identify the risk factors.
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Cox Proportional Hazard (PH) model: [4,5,8]
Prognosis plays an important role in medical studies to predict an outcome of a disease. Information about
possible prognostic factors can be obtained either from clinical studies designed mainly to identify them,
sometimes called prognostic studies, or for ongoing clinical trials that compare treatments as a subsidiary
aspect. A prognostic variable (or independent variable) or factor may be either numerical or non-numerical.
Cox Proportional Hazards model is also referred to as a relative risk model when the covariates are time-
dependent. Cox model does not depend on the true form of the baseline hazard rate function, so the model
can be considered as distribution free.
The Cox proportional hazards model possesses the property that different individuals have hazard functions
that are proportional, i.e., [h(tjx1)/h(t[x2)], the ratio of the hazard functions of two individuals with prognostic
factors or covariates x1 = (x11, x21,...., xpl)’, and x2 = (x12, x22,...., xp2)" is a constant. This means that
the ration of dying of two individuals is the same no matter how long they survive. [Lawless, 1982].

The hazard function given a set of covariates x = (x1, x2,...,xp)’ can be written as a function of an
underlying hazard function and a function, say g(x1, ..., xp), of only the covariates, that is,

h(t | x1,...., xp) = ho(t)g(x1, ...., xp) or h(t | x) = ho(t)g(Xx) 1)

The above hazard function, ho(t), represents how the risk changes with time, and g(x) represents the effect of
covariates. ho(t) can be interpreted as the hazard function when all covariates are ignored or when g(x) = 1,
and is also called the baseline hazard function. The hazard ratio of two individuals with different covariates
xiand Xz Is

h(t|x4) — ho(t)g(x1) — 9(x1) (2)
h(t |x2) ho(£)g(x2) g(x2)

Which t is a constant, independent of time.

The Cox proportional hazard model assumes that g(x) in (1) is an exponential function of the covariates, that
IS,

90) = Zestr = ot
and the hazard function is

h(t |X) = ho(t)ezg;lbij — ho(t)eb’X 3)
Where b = (b1, b, ..., by) denotes the coefficients of covariates.

These coefficients can be estimated from the data observed and indicate the magnitude of the effects
of their corresponding covariates.
For example, if there is only one covariate treatment, let x; = 0 if a person receives placebo and x; = 1 if a
person receives the experimental drug. The hazard ratio of the patient receiving the experimental drug and the
one receiving placebo based on (2) and (3) is
h(t|x; =1)
h(t|x, =0)
Thus, the two treatments are equally effective if by = 0 and the experimental drug introduces lower (higher)
risk of survival than placebo if b;<0 (b1>0). It can be shown that (3) is equivalent to

Zp_lb X !
SEIX) =[S0 7™ =[S ()] @
Thus, the covariates can be incorporated into the survivorship function.
Dividing both sides of (3) by ho(t) and taking its logarithm, we obtain

by

lo }’1‘0—((?) = byXy; + boXy; +  + bpxy = NP bxy = b'X, (5)

Where the x’s are covariates for the i individual. The left side of (5) is a function of hazard ratio (or
relative risk) and the right side is a linear function of the covariates and their respective coefficients.

The use of (5) is used to identify important prognostic factors. In other words, to identify from the p
covariates, subsets of variables that affect the hazard rate more significantly and consequently, the length of
survival of the patient. We are concerned with the regression coefficients b; if bi is zero, the corresponding
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covariate is not related to survival. If bj is not zero, it represents the magnitude e of the effect of xi on hazard
when the other covariates are considered simultaneously. [13,17,21]

To estimate the coefficients, by, ba, ...., by, Cox proposes a partial likelihood function based on a
conditional probability of failure, assuming that there are no tied values in the survival times.

The Cox model for survival provides better estimates of the hazard at any point of time than the
Kaplan—Meier method.

Statistical analysis: -

Data has been entered into MS-Excel and statistical analysis was done by using IBM SPSS Version 25.0. For
qualitative variables, the values were expressed as number and percentages and for quantitative variables, the
values were expressed as mean and standard deviation. To estimate and compare the survival time for different
groups, Kaplan—Meier method and the Log rank test have been used. Cox Proportional Hazard (PH) model
was used to predict an outcome of a disease, and to get information about possible prognostic factors. All the
p values having less than 0.05 were considered as statistically significant.

RESULTS AND DISCUSSION:

Out of 468 breast cancer patients, 267 (57.10%) were alive, 201 (42.90%) were dead patients. Patients’
Characteristics at diagnosis by the patient status at the end of follow-up were shown in Table-1 and
Pathological characteristics of the breast cancer women were shown in Table-2. Table-1 shows that the
Patients’ Characteristics at diagnosis status at the end of follow-up for breast cancer patient’s data. For the
age group, 22.89% of deaths occurred in the age group of less than 30 years, 40.30% of deaths occurred in
the age group of 30 to 50 years, and, 36.82% of deaths occurred in the age group of more than 50 years. In
financial income, 35.32% of deaths occurred in the poor family income, 54.73% of deaths occurred in the
middle class of family income, and, 9.95% of deaths occurred in the higher family income.

Table-2 shows that the pathological characteristics of the breast cancer patient’s data. For stage, 64.68% of
deaths occurred in the early stage, 21.89% of deaths occurred in the middle stage, and, 13.43% of deaths
occurred in the advanced stage. For grade, 16.92% of deaths occurred in the low grade, 41.79% of deaths
occurred in the moderate grade, and, 41.29% of deaths occurred in the severe grade. For tumor size, 29.35%
of deaths occurred in the less than or equal to 2.0 cms, 47.26% of deaths occurred between the tumor size of
2.0 cms to 5.0 cms, and, 23.38% of deaths occurred in the tumor size of more than or equal to 5.0 cms.

Table-3 showed that the estimation of median survival time (Years) which can have obtained using log-rank
test results. The overall median survival time of death of breast cancer patients are six years. The result of
Kaplan-Meier curves for estimating the median survival time using log rank test was shown that the age group
(P<0.0001), financial income (P<0.0001), stage (P<0.0001), grade (P=0.028), and tumor size (P<0.0001) were
statistically significant relation to the occurrence of death.
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Table 1: Patients’ Characteristics at diagnosis status at the end of follow-up

_ No. of Treatment Outcome
Variables N :
patients | Alive (%) | Death (%)
Age Groups
<=30 0, 0, 0,
Years 91 (19.44%) | 45 (16.85%) | 46 (22.89%)
30-50 203 122 0
Years | (43.38%) | (45.69%) | ot (40:30%)
_ 174 100 0
>=50 Years (37.18%) (37.45%) 74 (36.82%)
Family Income
174 103 0
Poor (37.18%) (38.58%) 71 (35.32%)
Middle 246 136 110
(52.56%) (50.94%) (54.73%)
High 48 (10.26%) | 28 (10.49%) | 20 (9.95%)

Table 2: Pathological characteristics of the breast cancer

No. of Treatment Outcome
Variables 4 y
patients Alive Death
Stage
Earl 332 202 130
y (70.94%) (75.66%) | (64.68%)
- 44
0, 0,
Middle 88 (18.80%) | 44 (16.48%) (21.89%)
27
0, 0,
Advanced | 48 (10.26%) | 21 (7.87%) (13.43%)
Grade
Low 83 (17.74%) | 49 (18.35%) 34
' ' (16.92%)
Moderate 206 122 84
(44.02%) (45.69%) (41.79%)
179 0 83
Severe (38.25%) 96 (35.96%) (41.29%)
Tumor Size (Centimeters)
_ 148 0 59
<=2.0 (31.62%) 89 (33.33%) (29.35%)
90 _5.0 225 130 95
' ' (48.08%) (48.69%) (47.26%)
47
= 0, 0,
>=5.0 95 (20.30%) | 48 (17.98%) (23.38%)
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Table 3: Median survival time and Log-Rank test for breast cancer patients

No. of Median Log-rank
Variables Levels N Survival time g P value
Patients value
(Years)
<=30 0
Years 91 (19.44%) 9
Age group [ 30-50
(Years) Vears 203 (43.38%) 7 53.66 < 0.0001
>=50 Years | 174 (37.18%) 6
Poor 174 (37.18%) 6
FI'”a”C'a' Middle | 246 (52.56%) 5 4358 | <0.0001
ncome
High 48 (10.26%) 10
Early 332 (70.94%) 10
Stage Middle 88 (18.80%) 6 45.97 < 0.0001
Advanced | 48 (10.26%) 4
Low 83 (17.74%) 6
Grade Moderate | 206 (44.02%) 4 7.16 0.028
Severe 179 (38.25%) 2
<=2.0 148 (31.62% 7
Tumor ( )
size 2.0-5.0 | 225 (48.08%) 5 55.40 < 0.0001
(Cms)
>=5.0 95 (20.30%) 3

The Kaplan-Meier survival curve for (a) Age group, (b) Stage, (c) Grade, and (d) Tumor size was shown in
Figure-1. The results of Cox Proportional Hazard (PH) model analysis shows that hazard ratio for death due
to breast cancer in women with a age group (<30 Years Vs > 50 Years: Hazard Ratio = 3.33, 95% CI; 1.85-
5.99), stage (Early Vs Advanced: Hazard Ratio = 12.71, 95% CI; 4.94-32.66), grade (Low Vs Severe: Hazard
Ratio = 0.18, 95%Cl; 0.09-0.37), family income (Poor Vs High: Hazard Ratio'= 2.20, 95%CI; 1.33-3.62) and
tumor size (<2.0 cm Vs > 5.0 cm: Hazard Ratio = 6.34, 95%CT,2.67-15.05) were identified as the risk factors
for breast cancer patients data.

The authors studied some applications of survival techniques using breast cancer data. Current trends point
out that a higher proportion of the disease is occurring at a younger age in Indian women, as compared to the
West. The National Cancer Registry Program analyzed data from cancer registries for the period from 1988
to 2013 for changes in the incidence of cancer. All population-based cancer registries have shown a significant
increase in the trend of breast cancer. [19]. In this study, the age of patients, stage, size of tumor, and tumor
grade are the common risk factors that can be used to predict the survival probability related with both events.
These risk factors are consistent with the result in other studies. [14]. The analysis performed is from a
statistical point of view; clinical justification needs to be considered in practice.
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Figure 1: Kaplan-Meier Estimate of Survival Curves for (a) Age Group, (b)Stage, (c) Grade, and (d)
Tumor size

Table 4: Identifying Prognostic Factors for breast cancer data using Cox regression model

Variable Levels Hazard Ratio (HR) % Gl Of_HR P-value
Lower | Higher

30-50 Years Vs > 50 Years 1.23 0.73 2.12 0.448
<30 Years Vs > 50 Years 3.33 1.85 5.99 < 0.001
Early Vs Advanced 12.71 4.94 32.66 <0.001
Middle Vs Advanced 2.98 1.56 5.72 0.001
Poor Vs High 2.20 1.33 3.62 0.002
Low Vs Severe 0.18 0.09 0.37 <0.001
Moderate Vs Severe 0.03 0.013 0.073 <0.001
<2.0Vs>50 6.34 2.67 15.05 0.001
2.0-5.0Vs>5.0 1.34 0.69 2.60 0.383
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CONCLUSIONS:

The present work is dedicated to study some aspects of survival analysis techniques in clinical studies. With
the Kaplan—Meier survival analysis procedure, we have examined the distribution of time to effect for two or
more different groups. The log-rank test showed that there is a statistically significant difference in survival
times of patients and it can be concluded that age, higher stage, grade, family history and tumor size influence
the disease. In the analysis of Cox PH model, Age is one of the most important risk factors; as age increases,
the risk of being diagnosed with breast cancer also increases. Stage, Grade, and tumor size are the most
important risk factors related to death in breast cancer.
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