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I. Introduction 

Analysis of cancer survival data and related outcomes is necessary to assess cancer treatment programs and to 

monitor the progress of regional and national cancer control programs. The appropriate use of data from cancer 

registries for outcomes analyses requires an understanding of the correct application of appropriate quantitative 

tools and the limitations of the analyses imposed by the source of data, the degree to which the available data 

represent the population, and the quality and completeness of registry data (Collett, 1994). In this research 

article the most common survival analysis methodology is illustrated, basic terminology is defined, and the 

essential elements of data collection and reporting are described. Discussion of statistical principles and 

methodology will be limited. Persons interested in statistical underpinnings or research applications are referred 

to textbooks that explore these topics at length. 

 

II. Objectuve of the study 

 To describe data typically available in cancer registries rather than to analyze research data obtained from 

clinical trials or laboratory experimentation.  

 To ensure the effect of treatment is independent of the change of time point. 

 To create awareness on cancer to the public. 

 

III. Methods and Materials 

A. Data Collection 

Censoring and differential follow-up create certain difficulties in the analysis for such data as is illustrated by 

the following example taken from a clinical trial of 898 cancer patients in a private Hospital, Salem treated after 

they had a treatment. From the Table 1.1 that the data have been grouped into one year intervals and all time is 

measured in terms of patient time. 

Table 1.1: Cancer data from clinical trial 

Year since entry into 

study 

Number alive and under 

observation at beginning of 

interval 

Number dying 

during interval 

Number censored 

or withdrawn 

 

2002 898 9 2 

2003 887 12 4 

2004 871 8 17 

2005 846 7 0 

2006 839 11 20 

Abstract: In biomedical applications, especially in clinical trials, two important issues arise when studying 

time to event data: (i) Some individuals are still alive at the end of the study or analysis so the event of 

interest, namely death, has not occurred. Therefore we have right censored data. (ii) Length of follow-up 

varies due to staggered entry. So we cannot observe the event for those individuals with insufficient follow-

up time. In addition to censoring because of insufficient follow-up (i.e.,end of study censoring due to 

staggered entry), other reasons for censoring includes (a) loss to follow-up: patients stop coming to clinic 

or move away, (b) deaths from other causes: competing risks (Altman, 1982). Censoring from these types of 

causes may be inherently different from censoring due to staggered entry. In this research provided that the 

analysis of survival time for clinical trial with suitable data.  

Keywords: Censoring, Hazard function, Kaplan-Meier Estimate and Survival Analysis. 
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2007 808 6 13 

2008 789 4 0 

2009 785 9 7 

2010 769 6 4 

2011 759 7 0 

 

 

B. Statistical Tools  

(i) Percentage Analysis, Simple bar diagram 

The frequencies procedure provides statistics and graphical displays that are useful for describing many types of 

variables. For a first look at our data, the frequencies based on percentage are a good place to start. The 

frequencies report can be suppressed when a variable has many distinct values. A simple bar chart is used to 

represents data involving only one variable classified on spatial, quantitative or temporal basis. In simple bar 

chart, we make bars of equal width but variable length, i.e. the magnitude of a quantity is represented by the 

height or length of the bars. 

(ii) Kaplan-Meier estimator 

The Kaplan-Meier or product limit estimator is the limit of the life table estimator when intervals are taken so 

small that only at most one distinct observation occurs within an interval (Kalbfleisch, 2002).  

This estimator is defined as KM(t)=  

In the notation above, the product changes only at times x where d(x) ≥1; , i.e., only at times where we observed 

deaths. 

Where, n(x) is the number of individuals at risk just prior to time x. 

d(x) is the number of death at time x. 

Standard error of the Kaplan-Meier estimator is given by  

SE[s(t)]=  

(iii) Chi-Square analysis 

A chi-squared test, also written as χ2 test, is any statistical hypothesis test wherein the sampling distribution of 

the test statistic is a chi-squared distribution when the null hypothesis is true. Without other qualification, 'chi-

squared test' often is used as short for Pearson's chi-squared test. Chi-squared tests are often constructed from a 

sum of squared errors, or through the sample variance. Test statistics that follow a chi-squared distribution arise 

from an assumption of independent normally distributed data, which is valid in many cases due to the central 

limit theorem. A chi-squared test can be used to attempt rejection of the null hypothesis that the data are 

independent. Also considered a chi-squared test is a test in which this is asymptotically true, meaning that the 

sampling distribution (if the null hypothesis is true) can be made to approximate a chi-squared distribution as 

closely as desired by making the sample size large enough. The chi-squared test is used to determine whether 

there is a significant difference between the expected frequencies and the observed frequencies in one or more 

categories. Chi-Square test may be defined as 

χ2= ∑ (n-1) d.f 

where, Oi = Observed frequencies 

           Ei = Expected frequencies 

(iv) Survival Function 

This function, denoted by S(t), is defined as the probability that an individual survives longer than t: 

S(t) = P (an individual survives longer than t)=P(T >t)  

From the definition of the cumulative distribution function F(t) of T, 

S(t) = 1-P (an individual fails before t)=1-F(t) 

Here S(t) is a non-increasing function of time t with the properties 

S(t)=  

That is, the probability of surviving at least at the time zero is 1 and that of Surviving an infinite time is zero. 

The function S(t) is also known as the cumulative survival rate. The graph of S(t) is called the survival curve. A 

steep survival curve, represents low survival rate or short survival time. A gradual or flat survival curve 

represents high survival rate or longer survival (Kaplan, 1958). 

In practice, if there are no censored observations, the survivorship function is estimated as the proportion of 

patients surviving longer than t: 

(t)=  

https://en.wikipedia.org/wiki/Statistical
https://en.wikipedia.org/wiki/Hypothesis_test
https://en.wikipedia.org/wiki/Sampling_distribution
https://en.wikipedia.org/wiki/Chi-squared_distribution
https://en.wikipedia.org/wiki/Null_hypothesis
https://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
https://en.wikipedia.org/wiki/Lack-of-fit_sum_of_squares#Sums_of_squares
https://en.wikipedia.org/wiki/Variance#Distribution_of_the_sample_variance
https://en.wikipedia.org/wiki/Central_limit_theorem
https://en.wikipedia.org/wiki/Central_limit_theorem
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(v) Probability density function (or density function) 

Like any other continuous random variable, the survival time T has a probability density function defined as the 

limit of the probability that an individual fails in the short interval t to t t per unit width t, or simply the 

probability of failure in a small interval per unit time. It can be expressed as 

f(t)=  

The graph of f (t) is called the density curve. The density function has the following two properties: 

 f (t) is a nonnegative function:  

f(t)  for all t  

  for t  

 The area between the density curve and the t axis is equal to 1. 

In practice, if there are no censored observations, the probability density function f(t) is estimated as the 

proportion of patients dying in an interval per unit width: 

(t)=  

(vi) Hazard function 

The hazard function h(t) of survival time T gives the conditional failure rate. This is defined as the probability of 

failure during a very small time interval, assuming that the individual has survived to the beginning of the 

interval, or as the limit of the probability that an individual fails in a very short interval, t+ t, given that the 

individual has survived to time t: 

h(t)=  

The hazard function can also be defined in terms of the cumulative distribution F(t) and the probability density 

function f(t): 

h(t)=  

The hazard function is also known as the instantaneous failure rate, force of mortality, conditional mortality rate, 

and age-specific failure rate (Klein, 2003). It is a measure of the proneness to failure as a function of the age of 

the individual in the sense that the quantity t h(t) is the expected proportion of age t individuals who will fail 

in the short time interval t+ t. The hazard function thus gives the risk of failure per unit time during the aging 

process. It plays an important role in survival data analysis. 

In practice, when there are no censored observations the hazard function is estimated as the proportion of 

patients dying in an interval per unit time, given that they have survived to the beginning of the interval: 

(t)=  

=  

Actuaries usually use the average hazard rate of the interval in which the number of patients dying per unit time 

in the interval is divided by the average number of survivors at the midpoint of the interval: 

(t)=  

 

IV. Analysis and Interpretation 

A. Percentage Analysis, Simple bar diagram 

The percentage analysis is carried out for the data have been grouped into one year intervals and all time is 

measured in terms of patient time. 

 

Table 1.2: Percentage analysis for cancer data from clinical trial 

Year 
Number of 

Patients 
Number of death % of death 

Number of 

Censored  
% of Censored 

2002 898 9 1.0022 2 0.2227 

2003 887 12 1.3529 4 0.4510 

2004 871 8 0.9185 17 1.9518 

2005 846 7 0.8274 0 0 

2006 839 11 1.3111 20 2.3838 

2007 808 6 0.7426 13 1.6089 

2008 789 4 0.5070 0 0 

2009 785 9 1.1465 7 0.8917 
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2010 769 6 0.7802 4 0.5202 

2011 759 7 0.9223 0 0 

Total  79 9.5107 67 8.0301 

From the Table 1.2 that the maximum frequency of the column report stated that 12 deaths occurred in 

2003 and 17 patients are censored in 2004 for the study of survival time of clinical trial in private hospital, 

Salem District. 

 
Figure 1.1: Percentage analysis for cancer data from clinical trial 

 

B. Kaplan-Meier estimator 

The Kaplan-Meier estimates are graphed as a step function, with vertical drops at each death time (Figure 1.2). 

This curve is sometimes called a ‘Kaplan-Meier curve’. The actuarial method provides estimates of the survivor 

function at the end of each interval, and no estimate of the survivor function is made between these points. It is 

customary to interpolate the estimates by ‘joining the dots’, which corresponds to an approximately even 

distribution of deaths within each interval. We have chosen to graph actuarial estimates as step functions, which 

misrepresents the data as all of the risk of death is then concentrated at the end of the intervals. 

 

Table 1.2: Kaplan-Meier estimator 

Duration 

(in years) 
n(x) d(x) 

 

(t)=  SE{s(t)}=  

2002 898 9 0.9899 0.9899 0.0033 

2003 887 12 0.9865 0.9765 0.0050 

2004 871 8 0.9908 0.9675 0.0064 

2005 846 7 0.9917 0.9595 0.0066 

2006 839 11 0.9869 0.9470 0.0075 

2007 808 6 0.9926 0.9399 0.0081 

2008 789 4 0.9949 0.9352 0.0085 

2009 785 9 0.9885 0.9245 0.0091 

2010 769 6 0.9922 0.9172 0.0095 

2011 759 7 0.9908 0.9087 0.010 

 

C. Chi-Square analysis 

Null Hypothesis (H0): The effect of treatment is independent of the change of time point.  

Table 1.3: Contingency cancer data from clinical trial 
 Before 2006 After 2006 Total 

Number of Death 47 32 79 

Number of censoring 43 24 67 

Number of Alive 808 752 1560 

Total 898 808 1706 
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Table 1.4: Chi square analysis for cancer data from clinical trial 
Observed frequencies (Oi) Expected frequencies (Ei) (Oi - Ei)2 (Oi - Ei)2/ Ei 

47 41.5838 29.3352 0.7054 

43 35.2673 59.7946 1.6955 

808 821.1489 172.8936 0.2106 

32 37.4162 29.3352 0.7840 

24 31.7327 59.7946 1.8843 

752 738.8511 172.8936 0.2340 

Total 5.5138 

 

From the above Table 1.4 that the Chi-square value is 5.5138 and Degrees of freedom = (3-1)(2-1)=2 df 

at 5% level of significance is 5.991. Therefore the calculated value (5.5138) is less than the table value (5.991). 

So we accepted our null hypothesis. Hence the effect of treatment is independent of the change of time point 

 

D. Survival Function with Hazard function 

In survival analysis, survival function is of the most interest, and it which is defined as S(t) = P(T > t). The 

survival function is the probability that the time of death is later than some specified time. S(t) is positive and in 

the range from 1 to 0. S(0) = 1 and as t approaches ∞, S(t) approaches 0. S(t) = P(T > t) = 1 - F(t). 

 
Table 1.5: Chi square analysis for cancer data from clinical trial 

Survival time 

(in years) 

Number of patients 

surviving at beginning 

of interval 

Number of patients 

dying in interval 
(t) (t) (t) 

2002 898 9 1.0000 0.0100 0.0100 

2003 887 12 0.9878 0.0134 0.0136 

2004 871 8 0.9699 0.0089 0.0092 

2005 846 7 0.9421 0.0078 0.0083 

2006 839 11 0.9343 0.0122 0.0131 

2007 808 6 0.8998 0.0067 0.0074 

2008 789 4 0.8786 0.0045 0.0051 

2009 785 9 0.8742 0.0100 0.0114 

2010 769 6 0.8563 0.0067 0.0078 

2011 759 7 0.8452 0.0078 0.0092 

S(t) is the prevalence of not failing, while h(t) is the incidence of failure. The hazard rate is an un-

observed variable. It is the fundamental dependent variable controling both the occurrence and the timing of the 

events (Zelen, 1983). The hazard function is the conditional probability of failure in the next interval given 

survival to start of that interval. Models for survival analysis can be built from a hazard function, which 

measures the risk of failure of an individual at time. From the Figure 1.3 that the estimated survival rate of the 

cancer patients decreases upto approximately 15% in 10 years.  

 

 
Figure 1.3: Chi square analysis for cancer data from clinical trial 
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V. Conclusion 

This research article provided the rudiments of survival analysis as it is often applied to cancer registry data and 

to the analysis of data from clinical trials. Complex analysis of data and exploration of research hypotheses 

demand greater knowledge and expertise than could be conveyed herein. Furthermore, the results of the clinical 

data show that the awareness for providing treatments with the help of earlier information and explore the 

different analysis features available to demonstrate for ourselves the insight on cancer registry data that survival 

analysis can provide and to understand the limitations of these analyses and how their validity is affected by the 

characteristics of the patient cohorts and the quality and completeness of data. 
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