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Abstract:

Lung cancer is one of the leading causes of cancer-related deaths globally, including in Indonesia,
with smoking as the primary risk factor. This study aims to analyze the survival rate of lung cancer patients
using the Kaplan-Meier survival analysis method. The data used in this study was obtained from the Kaggle
platform, which contains secondary data on lung cancer patients. The analysis results show a significant
decline in the survival probability of patients over time. The survival estimate on day one is 1.000, which
decreases to 0.315 on day 23. No significant difference in survival was found between males and females,
with an average survival time of around 20 days for both genders. Based on these findings, the study suggests
improving lung cancer screening programs for high-risk groups, strengthening smoking prevention efforts,
and conducting further research on other factors affecting patient survival. Additionally, the development
of more effective treatments and the provision of psychosocial support for patients are also emphasized.
This study is expected to provide insights for improving health policies, treatment, and prevention strategies

for lung cancer in Indonesia.
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I. INTRODUCTION

Cancer is a significant global health threat,
affecting countries around the world, both
developing and developed. According to a 2004
report from the World Health Organization (WHO),
cancer is the leading cause of death, with 7.4 million
deaths and is predicted to increase to 12 million by
2030 (Christina, 2015). In Indonesia alone, lung
cancer ranks third after breast and cervical cancer,
with 34,783 cases (8.8%) of the total 396,914
recorded cancer cases. In addition, lung cancer is the
highest cause of death, with 25,943 deaths (14.1%)
out of 183,368 cancer deaths. Based on the World
Cancer 2014 report by the International Agency for
Research on Cancer (IARC), there were about 14
million new cancer cases in 2012, of which lung
cancer accounted for about 13% of all cancer cases,
followed by breast cancer at 11.9%. Lung cancer was

also the highest cause of death of all cancers in the
world that year.

Lung cancer is a condition in which there is an
uncontrolled development of cancer cells in the lung
tissue, either due to malignancies originating from
outside the lung or from within the lung itself (Purba,
2015). This development is caused by mutations in
genes that control the process of cell separation.
These mutations can be automatic or inherited. Lung
cancer often grows without showing indications until
it reaches an advanced stage, and until now there is
no screening procedure that can be widely used.
Recommended screening for lung cancer only
applies to the highest risk group of patients. People
who are over 40 years old and have a history of
smoking for 30 years or more, and who have stopped
smoking in the last 15 years, or those over 50 years
old with a history of smoking for 20 years and have
at least one additional risk aspect, are included in this

group.
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Lung cancer is generally more common in men,
especially in older age, with smoking as the main
risk factor. Active smokers have a very high chance
of developing lung cancer, with 80-90 percent of
cases associated with smoking. Apart from smoking,
other causes of lung cancer may include exposure to
radiation, air pollution or toxic materials such as
arsenic. The risk of lung cancer is not only
experienced by male smokers, but also by women
who are passive smokers (Restika, 2014). There are
various factors that can cause lung cancer and lead to
death. Patients diagnosed with lung cancer usually
undergo treatment for a certain period, with possible
outcomes of cure or death.

Some aspects that influence the survival rate of
lung cancer patients include gender, age, cholesterol
content, smoking history, family history,
hypertension, asthma, cirrhosis, and body mass
index. Research on factors affecting lung cancer
survival is limited, especially in Indonesia. This
research aims to identify factors that influence lung
cancer survival. The information generated from this
observation is in the form of patient survival duration,
which is then analyzed using a statistical procedure
known as survival analysis.

Survival analysis is used to examine data related
to survival time until the occurrence of a certain
event. In this study, the analysis was carried out to
estimate the chances of survival of lung cancer
patients based on data from Kaggle, using the Kaplan
Meier method. The steps taken are to determine the
observed data and censored data, then calculate the
survival estimate S(t), estimate the failure rate H(t),
then interpret (Firsawan et al., 2022). This research
is expected to help develop more effective handling
strategies and provide more accurate predictions.

II. RESEARCH METHODS

This study uses secondary data obtained from
Kaggle.com, a platform that provides open,
accessible datasets for data analysis. The dataset
used in this study focuses on the survival of patients
with lung cancer, taken from observational data
involving several patients who have been diagnosed
with lung cancer. The available data consists of two
categories, namely patients with observed status
(complete data) and patients with censored status,
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which means that their data stopped before the final
event (such as death) was recorded (Smith et al.,
2020).

Survival analysis was performed using the
Kaplan-Meier method, which is a statistical method
used to estimate the probability of patient survival
within a certain period of time. This method is very
effective for handling survival data involving
censoring, which is data that does not record the final
event because the observation is stopped at a certain
time (Kleinbaum & Klein, 2017). Survival
estimation using the Kaplan-Meier formula is
calculated as follows:

S(t) = Py X Py X oo X Py
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Where:

® d; is the number of individuals who
experienced the event at that time.

This method is often used in medical research
because it can estimate the probability of survival
even if some data is censored (Bland, 2018). In
addition, in this study, the hazard function is used to
measure the rate of occurrence or failure at any given
time, with the following formula:

. P<T<t+6t)
ho = Jim =, )

This function measures the probability of an event
(e.g. death) occurring in the time interval ttt,
provided that the individual has survived until that
time.

This study also takes into account censored data,
which occurs when the timing of an event (e.g. death)
is not fully observed because the observation is
stopped at a certain time. There are several types of
censoring that can occur in survival analysis:
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1. Type I censoring: All individuals are
observed at the same time, and observations are
stopped at a predetermined time.

2. Type II Censorship: Censoring occurs on
individuals who have experienced the smallest event
in the sample.

3. Type III censoring: Individuals enter the

experiment at different times.
To check the distribution of the data used, a
Kolmogorov-Smirnov normality test was performed.
This test compares the distribution of the observed
data with the standard normal distribution. If the
significance value is greater than o = 5% or 0.05,
then the data can be considered normally distributed,
which allows the use of further statistical methods.
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Based on Table 1, it can be seen that the
significance value is 0.008 where the value is < a
(5%). So it can be concluded that the data is not
normally distributed and can be tested with
nonparametric analysis methods.

B. Data Analysis

After testing the normality assumption, it was
found that the data was not normally distributed. So
that data testing can be done using the nonparametric
survival analysis method with the Kaplan-Meier
method. The following table shows the results of the
analysis of survival of lung cancer patients using the
Kaplan-Meier method.

TABLE III
SURVIVAL ANALYSIS OF LUNG CANCER PATIENTS

M. RESULTS i |t | R |6]¢| . | p |Ss® | k@
ALl N be indented. Al . 1 |5 260 |0 |1 |0,000 | 1,000 | 1,000 | 0,011
parggra}p S must e in entfz . 4 paragrgp $ 6 259 (3 |9 | 0011|0988 | 0,988 | 0,008
must be justified, i.e. both left-justified and right- s 15 > 0,008
justified. 2 |8 ) 0,991 | 0,980 | 0,004
4 |8 237 |1 |7 |0,004 | 0,995 | 0976 | 0,004
A. Normality Assumtion Test 5
. . . 9 229 |1 |9 | 0,004 | 0,995 | 0,972 | 0,000
Before conducting the Kaplgn—Meler tesF, it 1y 6 10 |219]0 | 15| 0000 | 1000 | 0972 | 0,000
necessary to test the normality assumption to
determine whether the data is normally distributed o 7 11 | 204 |1 |18 | 0,004 | 0,995 | 0,967 | 0,027
not. 12 185 |5 |17 | 0,027 | 0,972 | 0,941 | 0,049
TABLEI 13 | 163 |8 |11 | 0,049 | 0,950 | 0,894 | 0,020
NORMALITY ASSUMTION TEST
OnecS - S 10 | 14 14413 | 20 | 0,020 | 0,979 | 0,876 | 0,008
Testne- ample  KoIMOZOrov-Smirnov 11 |15 | 121 |1 |22 | 0008 | 0,991 | 0,869 | 0,071
12 |16 |98
Lama_Perawat 7 |20 0,071 | 0,928 | 0,806 | 0,042
an 13 |17 |71 |3 |15 |0,042 | 0,957 | 0,772 | 0,056
N 261 14 |18 |53 |3 |4 |0,056 |0943 |0,729 | 0,021
N Mean 14,1303 15 | 19 46 |1 0,021 | 0,978 | 0,713 | 0,025
ormal Sid
Parameters® Devi t ) 446937 16 |20 |39 |1 0,025 | 0,974 | 0,694 | 0,121
b cviatio ’ 17 |21 |33 |4 |11]0121 | 0,878 | 0,610 | 0,277
n
18 |22 |18 |5 |6 |[0,277 | 0,722 | 0,441 | 0,285
Absolu
e 0,066 19 | 23 7 2 0,285 | 0,714 | 0,315 | 1,000
Most Positiv Keterangan Tabel:
Extreme . 0,066 i : observation to-i.
Differences Negati t; : survival time of lung cancer patiens.
ve -0,064 R; : number of individuals alive in the i-th
Test Statistic 0,066 gbserva“on o o
Asymp. Sig. (2-tailed) 008° i : the number of individuals that died in the i-

th observation.
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C; : the number of censored individuals in the i-
th observation.
q; : the estimated probability of individual death
at the i-th observation.
Di : the estimated probability of individual
survival at the ith observation.
S(t) : estimation of the survival function for each
individual included in the observation.
h(t) : estimation of the survival failure rate of
each individual included in the observation.

In Table 2, it can be seen that the estimated chance
of survival of lung cancer patients who survive for 5
days is 1.000. While the estimated chance of survival
for lung cancer patients who survive for 23 days is
0.315. The estimated survival failure rate of lung
cancer patients who survive for 5 days is 0.000,
while lung cancer patients who survive for 23 days
have an estimated survival failure rate of 1.000.

Survival Function

Survival Function
Censored

Cum Survival

00 5.00 1000 15.00 2000 2500

survival time
Fig. 1 Survival Plot of Lung Cancer Patients Figures and Tables

Figure 1 shows an overview of the characteristics
of the survival plot of lung cancer patients. Based on
the figure, it can be seen that the plot moves
downward and the estimated chance of survival of
lung cancer patients ranges from 0.315 to 1.000.
Where 0.315 is the estimated chance of survival of
lung cancer patients who survive for 23 days and
1,000 is the estimated chance of survival of lung
cancer patients who survive for 5 days.
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TABLE IIIII
SURVIVAL ANALYSIS OF LUNG CANCER P COMPARISON OF AVERAGE
SURVIVAL OF LUNG CANCER PATIENTS BY GENDERATIENTS

Means for Survival Time
Mean 95% Confidence Interval
Sex Uoner
Estimate Std. Error Lower Bound PP
Bound
Female 20,201 0,499 19,223 21,178
Male 20,214 0,460 19,312 21,115

Furthermore, in Table 3 when viewed based on
gender, it can be seen that the estimated average
survival of lung cancer patients with male female
gender is around 20 days. While the estimated
average survival of lung cancer patients with female
gender is around 20 days. So the estimated survival
time for women (20,201) and men (20,214) is very
similar, with a very small difference between the two
of only 0.013. The 95% confidence intervals for both
groups also show overlapping values, indicating that
there is no significant difference in the estimated
survival time between women and men.

Iv. DISCUSSION

The results of the Kaplan-Meier analysis showed
a decrease in the estimated odds of survival of lung
cancer patients as time progressed. On day 5, all
observed patients were still alive (survival odds of
1,000), but by day 23, the survival odds dropped to
0.315, meaning that nearly 68.5% of patients had
died before reaching day 23. This reflects that the
survival of lung cancer patients decreases
significantly with time.

The resulting survival plots of lung cancer patients
show a consistent decrease in the chance of survival.
The survival probabilities of patients ranged from
0.341 to 1.000, depending on the time of observation.
These data provide a clear picture of the survival
characteristics of patients, indicating that the longer
the time elapses, the lower the survival chances of
lung cancer patients. When compared by gender, the
results showed that there was no significant
difference in mean survival between males and
females. The average survival for both groups was
almost the same, with a difference of only 0.013 days.
The 95% confidence intervals for both groups
overlapped, indicating that gender did not have a
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major influence on the survival duration of lung
cancer patients in the sample used.

The results of this study provide useful insights in
understanding the survival patterns of lung cancer
patients. Although gender had no significant effect,
other factors such as age, smoking habits and family
history of the disease may require further analysis.
This study also shows the importance of using
survival analysis to project the survival of lung
cancer patients, although other factors such as cancer
stage and type of treatment received should also be
taken into account to plan more effective treatment.
However, this study has several limitations,
including data that only includes patients with
complete or censored data, as well as limited
information regarding other factors that affect
patient prognosis, such as cancer stage and type of
treatment. In addition, sampling bias and limitations
of secondary data also need to be considered.

V. CONCLUSIONS

Lung cancer is a significant global health problem,
with a high mortality rate, especially in Indonesia.
The main factors affecting the risk of lung cancer are
smoking habits, both in active and passive smokers,
as well as environmental factors such as air pollution
and exposure to toxic materials. This study used the
Kaplan-Meier method to analyze the survival of lung
cancer patients and found a significant decrease in
the chance of survival over time. The estimated
survival of patients on day one was 1,000, which
decreased to 0.315 on day 23. The results of the
analysis by gender showed that there was no
significant difference in survival between men and
women, with a mean estimated survival of about 20
days for both genders.

Suggestions that we can provide for future
research are needed to explore other factors that
affect the survival of lung cancer patients, such as

other medical conditions (e.g. hypertension,
diabetes), nutritional status, and environmental
factors.
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