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Abstract

An important application of DNA microarray technologies involves monitoring the global state of tran-
scriptional program in tumor cells. One goal in cancer microarray studies is to compare the clinical out-
come, such as relapse-free or overall survival, for subgroups of patients defined by global gene
expression patterns. A method of comparing patient survival, as a function of gene expression, was recently
proposed in [Bioinformatics 18 (2002) 1625] by Nguyen and Rocke. Due to the (a) high-dimensionality of
microarray gene expression data and (b) censored survival times, a two-stage procedure was proposed to
relate survival times to gene expression profiles. The first stage involves dimensionality reduction of the
gene expression data by partial least squares (PLS) and the second stage involves prediction of survival
probability using proportional hazard regression. In this paper, we provide a systematic assessment of
the performance of this two-stage procedure. PLS dimension reduction involves complex non-linear func-
tions of both the predictors and the response data, rendering exact analytical study intractable. Thus, we
assess the methodology under a simulation model for gene expression data with a censored response var-
iable. In particular, we compare the performance of PLS dimension reduction relative to dimension reduc-
tion via principal components analysis (PCA) and to a modified PLS (MPLS) approach. PLS performed
substantially better relative to dimension reduction via PCA when the total predictor variance explained
is low to moderate (e.g. 40%-60%). It performed similar to MPLS and slightly better in some cases.
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Additionally, we examine the effect of censoring on dimension reduction stage. The performance of all
methods deteriorates for a high censoring rate, although PLS-PH performed relatively best overall.
© 2005 Published by Elsevier Inc.
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1. Introduction and motivating applications

DNA microarray technologies have found broad applications, especially in biomedical re-
search. For an overview of the technological and biological aspects of DNA microarrays, includ-
ing applications, see [1] by Nguyen et al. and references therein. The application of DNA
microarray technologies in cancer research is one specific area of interest. In this paper we exam-
ine a method for analyzing censored patient survival times (the censored response variable) with
their corresponding gene expression profiles as covariates (predictors). To be more concrete, con-
sider the following two motivating applications:

1. Example: Diffused large B-Cell lymphoma. In a study of diffused large B-cell lymphoma
(DLBCL), mRNA expression for over 5622 gene probes were measured from microarray
experiments [2]. In addition to the gene expression data collected, patient survival times were
ascertained for N =40 DLBCL patients. However, not all survival times could be observed by
the end of the study. Of the 40 observed survival times, 22 were times of death; thus the per-
centage of censored observations is 55%.

2. Example: Breast carcinomas. Similarly, in a prospective breast carcinomas study, thousands of
mRNA gene expression measurements were obtained simultaneously from microarray exper-
iments [3]. Tissue samples for the microarray experiments were obtained from patients in a
prospective study on locally advanced breast cancer with no distant metastases. Survival data
was available for N = 49 patients with approximately 61% censoring.

Similar cancer microarray studies with survival data can be found in [4] for central nervous sys-
tem embryonal tumors, [5] for DLBCL, [6] and [7] for prostate cancer, and [8] for lung carcinomas
among others.

The data structure in the examples presented above can be more formally described as follows.
Suppose that Y; is the true survival time of the ith patient. The variate of interest at the end of a
study, the survival time, cannot be observed completely. Instead, we are only able to observe
T; =min(Y,, Z;), where Z; is a censored value. Also, recorded for the ith patient are p gene expres-
sion values, denoted by x| = (x;1,...,x;,) (i=1,...,N), obtained from microarray experiments.
This vector of gene expression values is called the (patient-specific) gene expression profile or pat-
tern. We refer to the expression profile generally as covariates or predictors. Thus, the typical data
set, illustrated by the examples above, consists of N samples. In addition, each sample contains
the triple {7} 9;,X;}, where X; is the gene expression pattern, 7; is the survival time if 6,=1,
and it is the right-censored time if 6; = 0. Note that the number of observed survival times that
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