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1 Introduction

Survival analysis refers to a set of statistical methods for analyzing the time until an event occurs
in a population. For example, common time-to-event outcomes might be the occurrence of a
disease, marriage, divorce, or death. The time until the event occurs can be measured in days,
weeks, years, or other units of time. For example, if the event of interest is heart attack, then the
survival time can be the time in years until a person experiences a heart attack. The term
“survival time” can refer generically to the time until an event occurs, even if the event is not
death.

2 Censoring

In survival analysis, subjects are usually followed over a specified time period and the focus is
on the time at which the event of interest occurs. An important characteristic of survival times is
the possibility of censoring. Observations are censored when the information about their survival
time is incomplete; the most commonly encountered form is right censoring. For example,
suppose patients are followed in a study for 20 weeks. A patient who does not experience the
event of interest for the duration of the study is said to be right censored. The survival time for
this person is considered to be at least as long as the duration of the study. Another example of
right censoring is when a person drops out of the study before the end of the study observation
time and did not experience the event. This person’s survival time is said to be censored, since
we know that the event of interest did not happen while this person was under observation.
Censoring is an important issue in survival analysis, representing a particular type of missing
data. Censoring that is random and non informative is usually required in order to avoid bias in a
survival analysis.

3  Statistical analysis of censored survival times

Unlike ordinary regression models, survival methods can incorporate information from both
censored and uncensored observations in estimating model parameters. The dependent variable
in survival analysis is composed of two parts: one is the time to event and the other is the event
status, which records if the event of interest occurred or not. With these two pieces of
information, one can estimate the survival function, which is the probability, at each time point,
that the event occurs after that time point. In other words, if the event of interest is death, the
survival function is the probability of surviving (not experiencing the event) as a function of
time. A related and more subtle concept is the hazard function, which is the conditional,
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instantaneous probability of experiencing the event given that the individual has survived up to
that time point. While these two functions are often of direct interest, many other quantities of
interest (e.g., median survival) may subsequently be estimated from knowing either the hazard or
survival function.

It is generally of interest in survival studies to describe the relationship of a factor of interest
(e.g. treatment) to the time to event, in the presence of several covariates, such as age, gender,
race, etc. A number of models are available to analyze the relationship of a set of predictor
variables with the survival time. Methods include parametric, nonparametric and semiparametric
approaches.

3.1 Parametric methods

Parametric methods assume that the underlying distribution of the survival times follows certain
known probability distributions. Common distributions include the exponential, Weibull, and
lognormal distributions. The description of the distribution of the survival times and the change
in their distribution as a function of predictors is of interest. Model parameters in these settings
are usually estimated using an appropriate modification of maximum likelihood.

3.2 Nonparametric methods

A nonparametric estimator of the survival function, the Kaplan Meier method, is widely used to
estimate and graph survival probabilities as a function of time. It can be used to obtain univariate
descriptive statistics for survival data, including the median survival time, and compare the
survival experience for two or more groups of subjects. To test for overall differences between
estimated survival curves of two or more groups of subjects, such as males versus females, or
treated versus untreated (control) groups, several tests are available, including the log-rank test.
This can be motivated as a type of chi-square test, a widely used test in practice, and in reality is
a method for comparing the Kaplan-Meier curves estimated for each group of subjects.

3.3 Regression with survival data

The most common regression model for the analysis of survival data is the Cox proportional
hazards regression model. It allows testing for differences in survival times of two or more
groups of interest, while allowing to adjust for covariates of interest. The Cox regression model
is a semiparametric model, making fewer assumptions than typical parametric methods but more
assumptions than those nonparametric methods described above. In particular, and in contrast
with parametric models, it makes no assumptions about the shape of the so-called baseline
hazard function.

The Cox regression model provides useful and easy to interpret information regarding the
relationship of the hazard function to predictors. While a nonlinear relationship between the
hazard function and the predictors is assumed, the hazard ratio comparing any two observations
is in fact constant over time in the setting where the predictor variables do not vary over time.
This assumption is called the proportional hazards assumption and checking if this assumption is
met is an important part of a Cox regression analysis. It is by far the most popular model for
survival data analysis and is implemented in a large number of statistical software packages,
including SAS, STATA, SPSS, and JMP and R.
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The above covers the simplest and most common methods for analyzing right-censored survival
data. Other methods of analysis exist, as well as methods that handle different types of censoring
and time- varying predictor variables. These are covered in the literature, with an overview of
some of these methods being found in Hosmer and Lemeshow (2008).
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