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Abstract
A counting process approach to multiple event times modeled by an Andersen-Gill- type extensi
on of the Cox proportional hazards regression model is considered. Tests for checking the validity o
f such a model against a general frailty model are proposed. These tests are derived from a class of s
tatistics that are connected to Robbins' empirical Bayes estimation of Poisson means. We show that
these tests are consistent against any alternative as specified by a nondegenerate frailty. A simple gr
aphical method is introduced to visually check the appropriateness of model assumptions. Simulatio
n studies are reported and a real life example is presented. A similar test for checking the gamma fra
ilty assumption is also introduced.
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Introduction
Multiple event-time data have been the focus of many recent investigations in survival analysis.
They represent a special kind of multivariate failure time data with each subject experiencing a serie
s of ordered events. Such data arise naturally in biomedical research. Examples include studies of pr
ogression of AIDS and other diseases, and of recurrences of chronic diseases. Other examples arise
in industrial life tests and software reliability studies.
In principle, one-sample multiple event-time data can be analyzed by nonparametric methods de
veloped for more general multivariate survival time data. Nonparametric estimates of joint survival
distribution can be found in Campbell (1981), Tsai, Leurgans and Crowley (1986), Dabrowska (198
8), Prentice and Cai (1992) and van der Laan (1996), among others. These estimates are generally c
omplicated, often involving non- parametric density-type estimation. They are also difficult to incor
porate into analysis of regression problems.
By modeling inter-event gap times, Prentice, Williams and Peterson (1981) proposed a regressio
n method for multiple event-time data. Parallel and subsequent developments for such data can be f
ound in Gail, Santner and Brown (1980) and Dabrowska, Sun and Horowitz (1992). Wei, Lin and W
eissfeld (1989), on the other hand, proposed a marginal proportional hazards regression model, in w
hich each of the event times is modeled marginally through a Cox model. While their method has th
e advantage of requiring only mild model assumptio ns, it also has the disadvantage of not utilizing a
dependency structure that can potentially increase efficiency.
A simple model that can handle multiple event-time data is provided by an extension of Cox reg
ression to counting processes through application of a general approach due to Andersen and Gill (1
982). This model can be handled in the same way as the Cox model, both numerically and theoretic
ally. Results based on such a model are also easy to interpret. However, as will be elaborated in subs
equent sections, the Andersen-Gill model does not take into account the dependence of events exper
ienced by the same subject. To alleviate this shortcoming, one may introduce a random effect (frailt
y) into the Andersen-Gill model. The resulting formulation is a more general model that allows for s
uitable inference not only on regression effects but on associations within subject as well. Approach
es in this direction can be found in Nielsen, Gill, Andersen and Sorensen (1992) and Oakes (1992).
The main objective of this investigation is to develop statistical methods for checking and testin
g the presence of a nondegenerate frailty. It is connected to a classical paper on the empirical Bayes
methodology by Robbins (1955). By utilizing an interesting identity due to Robbins for Poisson ran
dom variables with mean parameter following a prior distribution, a class of statistics is derived. Th

e statistics are then used to construct tests for the Andersen-Gill model against alternatives of nonde
generate frailty. It is shown that the tests are consistent against any such alternative. They are also u
sed to construct simple graphical plots for model checking, as well as for visual inspection to check
where deviations from the null model may occur. Simulation results indicate that the method perfor
ms well in detecting the presence of frailty. A real life example of tumor occurrence in experimental
mice (Gail, Santner and Brown (1980)) is used to illustrate the method. A similar method for check
ing whether the frailty distribution belongs to the family of gamma distributions is also introduced.
Conclusion
We have proposed a class of statistics that could be useful to construct test statistics or checking
the validity of an Andersen-Gill- type model for multiple event times against he presence of frailty.
The statistics arise from comparing the standard Nelson-Aalen stimator with an alternative estimato
r that is motivated by an interesting formula or the posterior mean due to Robbins (1955). We show
that the resulting tests are consistent against any nondegenerate frailty alternative. Large sample just
ifition is given. Simulation results and a real example indicate that the proposed tests have reasonab
le power. A useful by-product is a graphical tool for model checking.
When there is a nondegenerate frailty, we discussed briefly the problem of testing whether the fr
ailty distribution belongs to the family of gamma distributions. The idea is to construct suitable stati
stics that possess a certain pattern under the gamma frailty assumption. Lack of such a pattern woul
d indicate a departure from this assumption. Modi_cations of test statistic is needed when there is ra
ndom censoring. One possible approach is to use the same idea outlined in previous paragraph. Ho
wever, the investigation of this approach is very preliminary and much work remains to be done.
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