
Survival Analysis for Epidemiologic
and Medical Research

A Practical Guide

This practical guide to the analysis of survival data written for readers with a mini-

mal background in statistics explains why the analytic methods work and describes

how to effectively analyze and interpret epidemiologic and medical survival data

with the help of modern computer systems.

This text contains a variety of statistical methods that not only are key elements

of survival analysis but also are central to statistical analysis in general. Techniques

such as statistical tests, transformations, confidence intervals, and analytic modeling

are discussed in the context of survival data but are, in fact, statistical tools that

apply to many kinds of data. Similarly, discussions of such statistical concepts as

bias, confounding, independence, and interaction are presented and also are basic

to a broad range of applications. These topics make up essentially a second-year,

one-semester biostatistics course in survival analysis concepts and techniques for

nonstatisticians.

Steve Selvin is Professor of Biostatistics and Epidemiology at the University of Cali-

fornia, Berkeley. He has taught on the Berkeley campus for 35 years and has authored

or co-authored more than 200 scientific articles in the areas of applied statistics and

epidemiology. He has received two university teaching awards and is a member of

the ASPH/Pfizer Public Health Academy of Distinguished Teachers.
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This is a series of short and practical but authoritative books for biomedical

researchers, clinical investigators, public health researchers, epidemiologists, and

nonacademic and consulting biostatisticians who work with data from biomedical,

epidemiologic, and genetic studies. Some books are explorations of a modern sta-

tistical method and its application, others focus on a particular disease or condition

and the statistical techniques most commonly used in studying it.

This series is for people who use statistics to answer specific research questions. The

books explain the application of techniques, specifically the use of computational

tools, and emphasize the interpretation of results, not the underlying mathematical

and statistical theory.
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Overview

The description of survival analysis techniques can be mathematically com-
plex. The primary goal of the following description, however, is a sophis-
ticated introduction to survival analysis theory and practice using only
elementary mathematics, with an emphasis on examples and intuitive expla-
nations. The mathematical level is completely accessible with knowledge of
high school algebra, a tiny bit of calculus, and a one-year course in basic sta-
tistical methods (for example, t-tests, chi-square analysis, correlation, and
some experience with linear regression models). With this minimal back-
ground, the reader will be able to appreciate why the analytic methods work
and, with the help of modern computer systems, to effectively analyze and
interpret much of epidemiologic and medical survival data.

A secondary goal is the introduction (perhaps the review) of a variety
of statistical methods that are key elements of survival analysis but are also
central to statistical data analysis in general. Such techniques as statistical
tests, transformations, confidence intervals, analytic modeling, and likeli-
hood methods are presented in the context of survival data but, in fact, are
statistical tools that apply to many kinds of data. Similarly, discussions of
such statistical concepts as bias, confounding, independence, and interac-
tion are presented in the context of survival analysis but also are basic to a
broad range of applications.

To achieve these two goals, the presented material is divided into nine
topics:

Chapter 1: Rates and their properties
Chapter 2: Life tables
Chapter 3: Two especially useful estimation tools
Chapter 4: Product-limit estimation

xi
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xii Overview

Chapter 5: Exponential survival time probability distribution
Chapter 6: Weibull survival time probability distribution
Chapter 7: Analysis of two-sample survival data
Chapter 8: General hazards model: parametric
Chapter 9: General hazards model: nonparametric

These topics make up essentially a second-year, one-semester biostatistics
course. In fact, this course has been taught at the University of California,
Berkeley as part of the biostatistics/epidemiology master of public heath
degree major, at the Graduate Summer Institute of Epidemiology and Bio-
statistics at Johns Hopkins Bloomberg School of Public Health, and at the
Graduate Summer Session in Epidemiology at the University of Michigan.

All statistical methods are extensively illustrated with both analytic and
graphical examples from the San Francisco Men’s Health Study. This unique
study was established in 1983 to conduct a population-based prospective
investigation of the epidemiology and natural history of the newly emerging
disease Acquired Immunodeficiency Syndrome (AIDS). The collected data
are a source of valuable and comprehensive information about the AIDS
epidemic in its earliest years. These data illustrate realistically the discussed
statistical techniques. A “workbook” of noncomputer problems is included
to further explore the practical side of survival analysis methods. Finally, a
small amount of computer code gives a sense of survival analysis software.
The statistical analysis system called “R” is chosen because it is extensive and
fully documented and both the software and documentation can be obtained
without cost (http://www.r-project.org).

Clearly many kinds of phenomena fail. Data collected to study the failure
of equipment, machine components, numerous kinds of products, and the
structural integrity of various materials are frequently analyzed with survival
analysis techniques (sometimes called time-to-failure data and methods).
For the following description of survival analysis, however, the terminology
is by and large in terms of human mortality (survived/died). For example,
rates are described in terms of mortality risk (risk of death). The language of
human mortality is chosen strictly for simplicity. The theory and applications
of the methods discussed are essentially the same regardless of the subject
matter context. Using general terminology complicates explanations and is
avoided to clearly focus on the statistical issues important in the analysis of
epidemiologic and medical survival data.
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xiii Overview

It has been remarked (by Churchill Eisenhert) that the practical power of
a statistical procedure is the statistical power multiplied by the probability
that the procedure will be used. The material in this text has some of this
same spirit. A number of analytic approaches are presented because they
are simple rather than optimally efficient. For example, simple stratification
procedures are suggested for estimation, exploring linearity of a variable,
identifying the source of interactions, and assessing the proportionality of
hazard functions. Also in the spirit of simplicity, all confidence intervals are
set at the 95% level because other levels of significance are rarely used.

Steve Selvin, 2007
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