
Vol.:(0123456789)

Annals of the Institute of Statistical Mathematics (2022) 74:1109–1142
https://doi.org/10.1007/s10463-022-00824-8

1 3

A sequential feature selection procedure 
for high‑dimensional Cox proportional hazards model

Ke Yu1 · Shan Luo1

Received: 8 December 2021 / Revised: 16 March 2022 / Accepted: 17 March 2022 /  
Published online: 7 May 2022 
© The Institute of Statistical Mathematics, Tokyo 2022

Abstract
Feature selection for the high-dimensional Cox proportional hazards model (Cox 
model) is very important in many microarray genetic studies. In this paper, we pro-
pose a sequential feature selection procedure for this model. We define a novel par-
tial profile score to assess the impact of unselected features conditional on the cur-
rent model, significant features are thereby added into the model sequentially, and 
the Extended Bayesian Information Criteria (EBIC) is adopted as a stopping rule. 
Under mild conditions, we show that this procedure is selection consistent. Exten-
sive simulation studies and two real data applications are conducted to demonstrate 
the advantage of our proposed procedure over several representative approaches.
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1  Introduction

In the contemporary era, new biotechnologies have generated numerous high-dimen-
sional microarray data, and the role of feature selection is significant in the analysis 
of survival data. Various hazards regression models have been proposed in survival 
analysis, among which the Cox proportional hazards model (Cox model, Cox 1972) 
is most prevalent and has been thoroughly investigated. For feature selection, regu-
larization approaches such as Lasso (Tibshirani 1996), adaptive Lasso (Zou 2006), 
the smoothly clipped absolute deviation estimator (SCAD, Fan and Li 2001), the 
elastic net (Zou and Hastie 2005) and so on have been studied for Cox model in 
Tibshirani (1997), Fan and Li (2002), Zhang and Lu (2007), Zou (2008) and Huang 
et  al. (2013). Their oracle selection and estimation consistency properties rely on 
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