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Abstract
Over the past few centuries the importance of survival analysis has been felt in many areas of sciences
including demography and actuarial sciences. The recent and major developments in survival analysis are
due to various clinical trials in chronic diseases and actuarial science. Hence this article is focus on the
various non-parametric survival models which are very vital in the epidemiological studies.
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1. Introduction
Survival analysis basically refers to a set of statistical procedures that are used to measure the
time lapse between the entry of the observations under study and occurrence of event. This
collection of statistical procedure is sometimes also known as time-to-event analysis. Time
with the occurrence of any particular event eventually has a great significance in biological,
medical and reliability studies. This time indicator will basically tell the duration of time that
will take from beginning of any follow-up and the occurrence of an event. The time lapse
between the starting point and the end point is the outcome variable of interest. In the medical
research, the outcome variable or the desired outcome of interest is may be the recurrence of
symptoms, death of a patient, relapse from remission, relief from pain, incubation of various
diseases like Hepatitis B, AIDS, etc., disease incidence, in clinical traits remission duration of
certain disease (Andersen, 1992; Kalbfleisch and Prentice, 1980; Cox and Snell 1968; Cox and
Oakes, 1984; Crowley and Hu, 1977; Jenkins, 1997; Miller, 1981; Clayton, 1978) [1, 15, 5, 8, 9, 13,
16, 3]
. The survival analysis technique can be used in the fields where data have to analyze
regarding the duration between the two events. Therefore, survival analysis is also known as
life time data analysis, time to event analysis or event history analysis.
Reports about life tables have been written by many researcher, including Gehan (1969) [10],
Berkson and Gage (1950) [2]. The statistical methods related to clinical trials have been
suggested by Peto et al. (1976). The most thoughtful impact on the development in the field of
clinical trials is the Kaplan-Meier method used for estimating the survival function. This
method provides an inefficient estimate of the survival probabilities and is not a reliable
estimator in case of heavy censoring. Also, at the end points, the Kaplan-Meier survival curve
fails to provide the reliable estimates.
In case of heavy censoring, an improved method of Kaplan-Meier estimate, which is known as
Weighted Kaplan-Meier method of estimation, is used to have reliable estimates. This method
provides reliable estimates when applied as it introduces the weights which are based on noncensored rate. In case of assigning weights to latest observation of censoring, a modified form
of Weighted Kaplan-Meier method of estimation is followed up which is named as Modified
Weighted Kaplan-Meier method of estimation. Huang (2008) [11] used the Weighted Empirical
Survival Function (WESF) in which the choice of weights for obtaining the survival function
is introduced. Later on, for obtaining the survival function, the very well remarked NelsonAalen estimate is used to establish an interrelationship between cumulative hazard function
and the survival function.
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2. Statistical Models
Let ‘T’ be the positive random variable associated with the
time of occurrence of an event of interest. In survival analysis,
the hazard and the survival functions are the two main
functions of investigation by the researchers. Here, S(t)
usually denotes the survival function which estimates the
probabilities that the subject (or patient) will survive for equal
to or greater than some specified time ‘t’. In this case, the
survival function is:
Where T is the time till survival of the subject
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The survival function S(t) is monotonically non-increasing at
time S(0) = 1and S(∞) = 0. The function S(t) is also known as
the cumulative survival rate. The graph of S(t) on time is
called as the survival curve.
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The function H(t) is also known as the integrated hazard
function (Collett, 2003) [4]. Some of the main non-parametric
estimation methods of survival analysis that have used in this
paper which are as discussed:
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Now, instead of using KM estimate, we adopt the method
proposed by Nelson-Aalen through the integrated hazard
function H ( t ) to estimate the survivor function.
2.3 Modified Forms of Kaplan-Meier Method of
Estimation
Weighted Kaplan-Meier Estimator of Survival Function Jan et
al. (2005) [12] claims that in life threatening diseases when
some portion of the data is censored, the Kaplan Meier
estimator becomes unreliable and inefficient. To deal with the
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2.1 Kaplan-Meier Estimation of the Survival Function
The Kaplan-Meier (product limit) method is a special case of
the life table technique, in which the series of time intervals
are formed in such a way that only one death occurs in each
time interval and the death occurs at the beginning of the
interval (Collett, 2003) [4].
Suppose that there are n individuals, with observed survival
times

with S ( t )  1 for

j

2.2 Nelson-Aalen Estimator
The Nelson-Aalen Estimator, an alternative estimate of the
survival function which is based on the individual event times
and of cumulative hazard at time t is defined as:
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and S ( t )  0 for
if ( r ) is the last observation. It is
noted that the Kaplan-Meier estimate is unspecified for the
largest censored survival time. The plot of the Kaplan-Meier
estimate of the survivor function is a step-function, where the
estimated survival probabilities are constant between adjacent
death times and decreases at each death time. Also, it is to be
noted that the Kaplan-Meier estimate is a generalization of the
empirical survival function, which includes both censored and
complete observations. It is pertinent to note the following
points about the Kaplan-Meier estimator in spite of its
simplicity and wide applicability. Miller (1981) [16] in a path
breaking research paper “what price Kaplan-Meier?” has
stated the following.
The asymptotic efficiency of the Kaplan-Meier estimator is
low when compared to the efficiency obtained under the
parametric setup. He has examined this aspect by taking two
parametric models namely exponential and Weibull.

The hazard function is sometimes also known as a conditional
mortality rate or the instantaneous death rate. Some of the
important features of the hazard function are, h(t) may
decrease, remain constant or it may increase or can follow up
any other pattern. h(t) is not a probability as it depends upon
the time and has no upper limit. The type to risk to which the
population under consideration is exposed as a function of
time depends upon the shape of the hazard function h(t). The
cumulative hazard function is denoted by H(t) and is defined
as
H (t ) 
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2.4 Modified Weighted Kaplan-Meier Estimator
The main defect in the above Weighted Kaplan-Meier method
is that it gives zero weight to the last censored observation
and probability is equal to zero. To overcome this difficulty.
Shafiq et al. (2007) [18] proposed a new weight which gives a
non-zero weight to the last censored observation. The
proposed Modified Weighted Kaplan-Meier estimator is then,
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Where, the weight functions
is known
as a non-censoring rate.
Both the Modified Weighted Kaplan-Meier and the Weighted
Kaplan-Meier estimators give same weight to all censored
observations. They also give same probability of survival, but
the important point is that Weighted Kaplan-Meier estimator
gives zero weight to the last censored observation while the
modified weighted estimator gives it some non-zero weight
and has a small probability of survival.
2.5 Hung’s Estimator of Survivor Function
Hung (2008) [11] studied a Weighted Empirical Survivor
Function (WESF). It has been shown that by choosing
appropriate weights the estimator proposed by him is more
efficient than the Kaplan-Meier estimate in both censored and
uncensored data.
For the censoring case, the idea of the above WESF for the
uncensored case has been applied to obtain a weighted KME
as given below:
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3. Conclusion
The standard method of estimating survival probabilities is
the Kaplan-Meier estimator but this method of estimating
probabilities is based on the assumption of censoring. When
the data have high rate of censoring Kaplan-Meier estimator
gives biased results and the reliability of the results get
affected. To deal with the problem of censoring, proper
weights have been assigned to Kaplan-Meier estimator and
Weighted Kaplan-Meier estimator is very useful in the
epidemiological studies.
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