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§ Stratified Case-control Sampling Design
• Cases and controls are selected via stratified matching from the population 

subgroups
§ Two-phase Studies
• Phase I: outcome and a subset of covariates collected for all subjects.
• Phase II: expensive covariates collected on a selected subset. (for example, 

the biomarkers, or the patient-generated data in EHR)

§ Two-phase Stratified Case-control Sampling Design
• Phase I sample selection: 
• stratified case-control data (matching variable A)

• Phase II data: missing at random

§ Example: Breast Cancer Detection and Demonstration Project (BCDDP)

Introduction

Challenges and Objectives

§ Model Assumption
• Logistic regression model: logit (Pr 𝑌 = 1 𝑋, 𝑍; 𝐴 = 𝑎 = 𝛼! + 𝛽"#𝑋 + 𝛽$#𝑍.
• Assume a parametric model for Z: Pr 𝑍 𝑋, 𝐴; 𝜃 = 𝑝𝜃(𝑍|𝑋, 𝐴)
• Phase II sample: missing at random: Pr(𝑅 = 1|𝑌, 𝑋, 𝑍, 𝐴) = Pr(𝑅 = 1|𝑌, 𝑋, 𝐴)
• Rare disease assumption
§ Retrospective log-likelihood function

§ Analysis of the Standard Case-control Data
• (Prentice and Pyke, 1979) Prospective logistic regression analysis that ignores 

retrospective sampling; leave the distribution of the covariates unspecified
§ Analysis of Two-phase Stratified Case-control Data

• Challenges: 1. different data structure  2. a parametric model for Phase II variables
• Outline of our proposed analysis method:

Methods
§ BCDDP Data

• Outcome Y: breast cancer (0: control/ 1: case)
• Predictors:
• X1: age at the first live birth (0/1/2/3)
• X2: age at menarche (0/1/2)
• X3: number of previous breast biopsies (0/1/2)
• X4: number of first-degree relatives with breast cancer (0/1/2)
• X5: weight (0/1/2/3/4/5)
• Z: the percent mammographic breast density

• Age-strata Ac: 1, 2, …, 9
§ Model

• Logistic regression model (𝜷)
• Conditional distribution of Z: beta regression model

§ Result

Real Data analysis

Conclusion and Discussion

§ Two-phase stratified case-control sampling design -- Retrospective sampling
§ Analysis of the data from retrospective sampling design
§ Missingness of the Phase II variable (whether the selection of Phase II 

subjects is performed within the Phase I matching strata)
§ Quantify the added value of the incomplete covariate (Z)

§ Goals
§ Estimate the odds ratio (OR) association parameters for covariates 

collected in both phase
§ Characterize the distribution of incomplete covariate (Z)
§ Semiparametric ML approach; consistency and efficiency

Novel reparametrized profile likelihood technique

§ Propose a semi-parametric ML method for analyzing data arising from the two-
phase stratified case-control design

§ Jointly estimate the OR parameters and conditional distribution of incomplete 
predictors

§ Ready to be extended
§ Estimate predictive accuracy measures (AUC/PPV)
§ Develop a model for predicting absolute risk
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Parameters in 
the conditional 
distribution of 
incomplete 
covariate (Z)

• Phase I: age-stratified case-
control sampling design
• 2808 cases+3119 controls

• Phase II: case-control sampling 
design
• 1217 cases+1616 controls

§ Key Thought: 
§ Propose a novel “modified” two-phase prospective design
§ Show that the two-phase stratified case-control data can be seen as arising from this 

novel “modified” prospective distribution under rare disease assumption and a 
parametric model for Phase II variables, which lead to convenient statistical inference

§ The ML estimates of OR parameters and the parameters in the conditional distribution 
of Z can be obtained from solving this “modified” prospective score function

§ Simulation 
§ Different prevalence; different Phase II data missing probability; different Z model; 

robustness of our method when validate the rare disease assumption or Z model is 
misspecified

§ The variances of our proposed ML estimates for OR parameters are 13%-49% smaller than 
the estimates from other existing method (Chen et al. 2007)

§ Obtain the estimates of the parameters in the distribution of incomplete covariate (Z) 
which cannot be estimated by using other methods


