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This book studies and applies flexible models for survival data. Many de-
velopments in survival analysis are centered around the important Cox
regression model, which we also study. A key issue in this book, however,
is extensions of the Cox model and alternative models with most of them
having the specific aim of dealing with time-varying effects of covariates in
regression analysis. One model that receives special attention is the addi-
tive hazards model suggested by Aalen that is particularly well suited for
dealing with time-varying covariate effects as well as simple to implement
and use.

Survival data analysis has been a very active research field for several
decades now. An important contribution that stimulated the entire field
was the counting process formulation given by Aalen (1975) in his Berkeley
Ph.D. thesis. Since then a large number of fine text books have been writ-
ten on survival analysis and counting processes, with some key references
being Andersen et al. (1993), Fleming & Harrington (1991), Kalbfleisch &
Prentice (2002), Lawless (1982). Of these classics, Andersen et al. (1993)
and Fleming & Harrington (1991) place a strong emphasis on the counting
process formulation that is becoming more and more standard and is the
one we also use in this monograph. More recently, there have been a large
number of other fine text books intended for different audiences, a quick
look in a library data base gives around 25 titles published from 1992 to
2002. Our monograph is primarily aimed at the biostatistical community
with biomedical application as the motivating factor. Other excellent texts
for the same audience are, for example, Klein & Moeschberger (1997) and
Therneau & Grambsch (2000). We follow the same direction as Therneau
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& Grambsch (2000) and try to combine a rather detailed description of the
theory with an applied side that shows the use of the discussed models for
practical data. This should make it possible for both theoretical as well as
applied statisticians to see how the models we consider can be used and
work. The practical use of models is a key issue in biomedical statistics
where the data at hand often are motivating the model building and in-
ferential procedures, but the practical use of the models should also help
facilitate the basic understanding of the models in the counting process
framework.

The practical aspects of survival analysis are illustrated with a set of
worked examples where we use the R program. The standard models are
implemented in the survival package in R written by Terry Therneau that
contains a broad range of functions needed for survival analysis. The flexible
regression models considered in this monograph have been implemented in
an R package timereg whose manual is given in Appendix C. Throughout
the presentation of the considered models we give worked examples with
the R code needed to produce all output and figures shown in the book,
and the reader should therefore be able to reproduce all our output and
try out essentially all considered models.

The monograph contains 11 chapters, and 10 of these chapters deal with
the analysis of counting process data. The last chapter is on longitudinal
data and presents a link between the counting process data and longitudinal
data that is called marked point process data in the stochastic processes
world. It turns out that the models from both fields are strongly related.

We use a special note-environment for additional details and supplemen-
tary material. These notes may be skipped without loss of understanding
of the key issues. Proofs are also set in a special environment indicating
that these may also be skipped. We hope that this will help the less math-
ematically inclined reader in maneuvering through the book.

We have intended to include many of the mathematical details needed
to get a complete understanding of the theory developed. However, after
Chapter 5, the level of detail decreases as many of the arguments thereafter
will be as in the preceding material. A simple clean presentation has here
been our main goal.

We have included a set of exercises at the end of each chapter. Some of
these give additional important failure time results. Others are meant to
provide the reader with practice and insight into the suggested methods.
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