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This group was formally born during a SEIC meeting in Sevilla in 1995. Tis aim is to
bring together researchers from Catalunya and abroad to collaborate in the theoretical
developments, as well as in the applied methodologies, of the analysis of survival data.
Even before its conception, the group had been actively collaborating with Professor
Stephen W. Lagakos from the Biostatistics Department of the Harvard School of Public
Health. During these years, ovr applied work, as well as some of the methods deve-
loped, have been based in problems proposed by clinicians and epidemiologists from
the Institut Municipal de la Salut (IMS), from the Institut Municipal d’Investigacions
Médiques (IMIM), from the Hospital Germans Trias i Pujol (Can Ruti), as well as from
the AIDS Clinical Trial Group (ACTG) from Harvard University,

The main topics in our methodological research are the analysis of interval-censored
data and the study of missing data problems, The first has been approached using fre-
quentist and Bayesian methods, while the second has benefit from parametric as well
as sermiparametric developments. Among others, and as a consequence of the collabo-
ration with the above mentioned Catalan groups, scveral papers have been published
where survival analysis techniques have been applied to several complex scenarios su-
ch as the modelling of breast cancer survival as a function of the elapsed time beiween
symptom and ireatment (Gomez et al., 1996), the study of the impact of the functio-
nal capacity into survival in the elderly population of Barcelona (Lamarca ef al., 1998)
and the short term survival of individuals with tuberculosis who are infected with HTY
(Falqués et al., 1999).

Analysis in survival/sacrifice experimenis: The analysis of the distribution of the
time-to-tumor in experiments with rodents where several sacrifice times are scheduled
has been investigated. The usc of a four-variale counting process imbedded in their
corresponding martingale framework is used o derive a new estimator and to study its
asymptotic properties (Gémez and Julia, 1990; Goémez and Van Ryzin, 1992).

Properties for left-censored data: A theoretical study is vndertaken for the asymp-
totic properties of the lefi-censored Kaplan-Meier estimator derived as the solulion of
a backward Ddéleans equation (Gomez, Julid and Utzet, 1992; Gémez, Julii and Utzet,
1994).
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Self-consistency approaches for interval-censored data: The self-consistency con-
cept was first developed by Efron (1967) and it represented a different way of deriving
the Kaplan-Meier estimalor for the survival function. Turnbull used this same idea to
estimate the distribution function from a sample containing interval-censored observa-
tions. Bascd on that, an algorithm is derived which is appropriate for other censoring
mechanisms. We have developed this idea when interest lies in the elapsed latency time
from an interval-censored origin to a right-censored end-point (double-censored data).
The method has been applied to a cohort of hemophiliacs that became infected with
HIV in the early 80’s and subscquently developed AIDS (G6mez, 1992; Gémez and
Lagakos, 1994, Gomez and Calle, 1999). These ideas are further developed and ex-
tended 1o estimate the parameters in a linear regression model when the covariate is
interval-censored. The methodology is applied to the analysis of the viral load baseline
history of an HIV+ group of patients that were subsequently randomized to six different
therapies (Gomez, Espinal and Lagakos, 2001).

Nonparametric Bayesian analysis: We approach the estimation of the survival func-
tion based on interval-censored data from a nonparametric Bayesian point of view. We
propose a methodology that accommodates the theory for right-censored data based
on Dirichlet processes to an interval-censoring scheme by using Markov Chain Mon-
te Carlo methods. We apply this methodology to analyze the risk of HIV infection in
a cobort of injecting drug users in Barcelona. The nonparametric Bayesian approach
allows, not only the incorporation of prior believes about the survival function, but
also, the analysis of the risk of seroconversion without assuming restrictive parame-
tric models. Furthermore, the estimator for the distribution function is smooth and thus
differences between groups can be easily interpreted. (Gémez et al., 2000; Calle and
Goémez, 2001a). We cxtend these ideas to the analysis of regression models when one
of the covariates is interval-censored. We encountered this situation in an AIDS clini-
cal trial where the goal was {0 assess the association between duration of viral Ioad
suppresston on a failed regimen and subsequent viral load. A completely parametric
approach to this problem is, in general, not appropriate because it requires a model
for the interval-censored covariate which cannot be validated. We propose the use of
a mixture of Dirichlet processes. This mixture enables us to specify parametrically
every component in the model except the distribution of the interval-censored covariate,
which is treated nonparametrically. We develop in detail the proposed methodology for
the linear regression model (Calle and Gémez, 20015).

Survival analysis with missing covariates: In this topic the goal is to estimaile the
survival when part of the covariates of interest are missing. The main statistical pro-
blem is, on one hand, that any complete-case based inference is potentially biased and,
on the other, in general it is not possible to assess the ignorability of the non-response
mechanisi, nor to test the assumptions on the distributions. Under a missing at ran-
dom non-response pattern, we have developed some imputation techniques in order to
complete the unobserved subsample and to apply a standard methodology. In the most

374



general framework, we have adapted maximum likelihood based strategies to evalua-
te the impact of the model assumptions on the resulting estimates (Serrat et al., 1998;
Gomez and Serrat, 1999).

Semiparameiric methods for missing covariates: We develop semiparametric strate-
gies to deal with missing covariates in the context of a survival analysis study. We definc
a grouped Kaplan-Meier estimator as a discrete time version of the usval Kaplan-Meier
estimator, when the covariates of interest are categorical and completely observed. We
also developed inverse probability weighted generalized estimating cquations. We use
them to estimate the proportion of individuals at risk/censored/events in each one of the
categories, in presence of missing data. The resulting estimator for the survival function
is asymptotically unbiased and normat distributed. Its properties for finite samples have
been also illustrated by simulation. To summarize the resulting inferences we propose
a sensitivity analysis perspective on a rank of plausible values for the non-ignorability
parameters in the non-response pattern. We have applied this methodology to the anaty-
sis of a cohort of pulmonary tubercolosis HIV-infected patients with a large proportion
of missingness in the main predictors —CD4+ lymphocytes count and tuberculin skin
test— (Serrat and G6mez, 2001a, 20015).
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