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[Headnote]

SUMMARY. We discuss two diagnostic methods for assessing the accuracy of the normal approximated confidence region to the
likelihood-based confidence region for the Cox proportional hazards model with censored data. The proposed diagnostic
methods are extensions of the contour measures of Hodges (1987, Journal of the American Statistical Association 82, 149-
154) and Cook and Tsai (1990, Journal of the American Statistical Association 85, 770-777) and the curvature measures of
Jennings (1986, Journal of the American Statistical Association 81, 471-476) and Cook and Tsai (1990). These methads are
also illustrated in a study of hepatocyte growth factor in patients with lung cancer and a Mayo Clinic randomized study of
participants with primary biliary cirthosis.

[Headnote]

KEY WORDS: Consorted data; Confidence region; Cox model; Curvature; Normal approximation; Regrassion diagnostics.
1. Introduction

The Cox (1972) proportional hazards regression model is usually applied to analyze survival data
for which the time-toresponse outcome variable is influenced by other prognostic factors. Estimatcs
of the regression parameters arc obtained by maximizing the corresponding partial likelihood
function. The confid interval and cc regions of these estimates are either obtained by
likclihood-based (likelihood ratio type) or normal approximated (Wald type) statistics. Very often, a
normal approximated confidence region is used to approximate the likelihood confidence region
because of its computational simplicity. Although the accuracy of this region is important for both
cstimation and inference, there are currently no diagnostics available 10 assess this accuracy for the
Cox model.

The boundary of the normal approximated confidence region is a quadratic surface that approaches
the likelihood surface around the maximum likelihood estimate. The approximation becomes exact if
the model is normal and linear. However, the approximation may be inaccurate for other underlying
distributions. Diagnostics for assessing the adequacy of the normal approximation are given for
normal nonlinear models, logistic regression models, and generalized linear models; for details see
Bealc (1960), Bates and Watts (1980,1981), Hamilton, Bates, and Watts (1982), Cook and
Goldberg (1986), Hamilton (1986), Jennings (1986), Hodges (1987), and Cook and Tsai (1990). In
fact, these methods are applicable to any normal approximation to a likelihood or a posterior
distribution.

We consider two examples that are quite different. The first example is taken from a study of
hepatocyte growth factor (HGF) in 56 lung cancer patients. This data set is considered small
because only 14 paticnts died at the end of the study, and one would expect that the asymptotic
approximations used 10 compute confidence regions may not be accurate. The second example is
taken from the Mayo Clinic primary biliary cirrhosis (PBC) study. This data set contains 312
participants and would be considercd a moderate- to large-sized data set because there are 125
deaths in the data set. Because the PBC data set is sufficiently large, onc would expect the
asymplotic approximations to be accurate.

Table 1 presents the results from the HGF study (Siegfried et al., 1997). Tumor specimens from 56
patients with nonsmall cell lung cancer were examined in an observational study looking at the
relationship between paticnts' survival and their quantitative levels of HGE. These patients
underwent lung resection at the University of Pittsburgh Medical Center or at the Fox Chase Cancer
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