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A three-level nested frailty model for clustered
survival data using a penalized likelihood.
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146 rue Léo Saignat, 33076 Bordeaux
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Nested frailty models are particularly appropriate when data are clustered
at several hierarchical levels naturally or by design. In such cases it is im-
portant to estimate the parameters of interest as accurately as possible. We
present a maximum penalized likelihood estimation (MPnLE) to estimate non-
parametrically a continuous hazard function in a nested gamma-frailty model
with right-censored and left-truncated data. The estimators for the regression
coefficients and the variance components of the random effects will be obtained
simultaneously. Simulations for the proposed estimation procedure are presen-
ted. In order to illustrate the MPnLE method and the nested frailty model, we
present an application for modeling the effect of particulate air pollution on
mortality in different geographical areas. The application is based on a cohort

of 6973 subjects from 18 areas of 6 French towns.
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A Bayesian accelerated failure time model for possibly clustered data
with a mixture of normals as an error distribution is proposed. I.e.

log(Til):bi—i-ﬁTXil—l—Eil, i:1,...,N,l:1,...,ni,

where T;; is time to event of interest for the [th observation of the ith cluster,
b; is a cluster specific random effect, x;; is a vector of fixed covariates, 3 is
a vector of regression parameters and ¢;; the error term with a density f(e).

To avoid strict parametric assumptions concerning the distribution of
e;1 we adapted a method of Richardson and Green [1] into the regression
context, specifying f(e) in a flexible way as

k
fle) =" wj ele| p;, of),
=

with ¢(- |, 0?) being a density of a normal distribution with mean p and
variance o2. Note that the number of mixture components, k, is unknown

as well as mixture weights w = (wy,...,w;)?, means p = (u1,..., 1),
and variances a2 = (0%, ... ,a,%)T. The random effect b; is assumed to follow

a normal distribution with zero mean and variance 02.

Unknown quantities (mixture parameters k, w, p, o, regression pa-
rameter 3 and a variance of random effects o) are estimated in a Bayesian
manner by applying Markov chain Monte Carlo techniques. The method al-
lows not only for usual right or left censoring but also for interval censoring
where the observations consist of intervals (T}, T{] of which is known to
contain the true event time Tj;.

A software for the suggested model is provided as a set of R functions
with McMC sampling performed by a C++4 compiled code available upon
request from the first author under the GNU licence.
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In many epidemiological studies time to event data are clustered and the
physiological relationship between (time dependent) covariates and the log hazard is
often not linear as assumed in the Cox model. Introducing frailties in the Cox model
can account for the clustering of the data and smoothing splines can be used to
describe nonlinear relations. These two extensions of the Cox model are introduced
jointly and it is shown how penalized partial likelihood techniques can be used to fit
the extended model. We demonstrate the need for such a model to study the relation
between the physiological covariates milk ureum and protein concentration and the

log hazard of first insemination in dairy cows, with the farms as clusters.



Bayesian survival models with smooth time-varying coefficients:
a penalized Poisson regression approach
P. Lambert & Paul Eilers

It is rather well known that one can approach survival problems without covariates in
an actuarial way. The time axis is divided into intervals (named bins), and in each bin
the number of people at risk is counted as well as the number of events. The
relationship between time and probability of an event can then be estimated with a

parametric or semi-parametric model (Efron, JASA 1988).

Here, we consider a subdivision of the time scale into a large number of bins. The
number of events observed in each bin is described using a Poisson distribution with
the log mean specified using a flexible penalized B-splines model (Eilers and Marx,

Statistical Science 1996) with knots located at the bins limits.

Regression on pertinent covariates can easily be performed using the same log-
linear model, leading to the classical proportional hazard model. We propose to
extend that model by allowing the regression coefficients to vary in a smooth way

with time. Penalized B-splines models will be proposed for each of these coefficients.

We shall show how the regression and the penalty coefficients can be estimated
using Bayesian inference tools. More specifically, we propose to use the Metropolis-
adjusted Langevin algorithm (Roberts and Tweedie, Bernoulli 1996) on blocks of B-

splines parameters together with Gibbs steps for the penalty variance parameters.

Frailty components can also be added to the model if desired. Their inclusion in a

Bayesian framework does not complicate the inference process.

The usefulness of the approach will be illustrated with the analysis of a clinical study.



