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Abstract

In this article, we consider problems with correlated data that can be summarized in a 2×2 table with
structural zero in one of the off-diagonal cells. Data of this kind sometimes appear in infectious disease
studies and two-step procedure studies. We propose two kinds of approximate sample size formulas,
based on rate ratio, for comparison of the marginal and conditional probabilities in a correlated 2 × 2
table with structural zero. The first type of formula is derived to guarantee a pre-specified power of a
hypothesis test at certain significance level while the second type of formula is developed to bound
the width of a confidence interval with specified confidence level. Our empirical studies confirm that
sample size formulas based on the log-transformation and score tests outperform that based on the
Wald’s test. We illustrate our methodologies with a real example from a two-phase treatment study.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

In studies of repeated exposures to infectious agents, researchers may be interested in
assessing the effect due to the primary infection on the risk of developing secondary infection
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Table 1
Observed frequencies for two stage treatment regimes for severely ill patients

Phase I Phase II

No improvement Improvement

No improvement 6 21
Improvement — 43

(Agresti, 1990). Subjects who do not suffer a primary infection from a certain infectious
disease cannot develop a secondary infection from the same disease. If the outcome of
interest is binary (e.g., infected or not infected), the resultant data can usually be summarized
in a correlated 2×2 table with a structural zero in one of the off-diagonal cells. Johnson and
May (1995) reported another scenario in which a treatment regimen for a particular disease
was administered to qualified patients in two stages. After the initial stage, researchers
recorded the patient’s status as either improved or not improved. Patients were initiated
to the second phase and were asked to return for assessment only if the initial treatment
provided no improvement. Since the researchers recorded the patient’s response to the
second phase of the treatment only if the initial response was negative, they introduced a
structural zero in the cell of the summary table that corresponds with positive response for
the first treatment and negative response for the second treatment. The corresponding data
for patients with initial disease status being severe are reported in Table 1.

Let �11 be the probability associated with lack of improvement after both phases of the
treatment and �1+ be the marginal probability of no improvement after the first phase. In this
case, �11/�1+ represents the conditional probability that a patient shows no improvement in
the second phase of the treatment, given that the same patient shows no improvement in the
first phase of the treatment. One has evidence to believe that the second phase of treatment
is beneficial if the rate ratio �11/�2

1+(=[(�11/�1+)/�1+]) is less than one (Johnson and
May, 1995). Other examples include two-stage treatment studies (Johnson and May, 1995)
and two-step tuberculosis testing studies (Tang and Tang, 2002, 2003).

Statistical tools for analyzing correlated 2×2 tables with structural zero have been devel-
oped by Lui (1998, 2000), Tang and Tang (2002, 2003), and Tang et al. (2004). Currently,
comparative measures under study include the risk/rate difference (RD) and the risk/rate
ratio (RR). Lui (1998) investigated the confidence interval estimators for the risk ratio based
on the Wald’s test, the logarithm transformation test and the test according to Fieller’s theo-
rem. Asymptotic confidence intervals obtained from the logarithm transformation test were
found by simulation to consistently outperform the other two interval procedures in terms of
coverage probability and expected width. Lui (2000) then studied the confidence interval es-
timators for the simple risk difference. Empirical study showed that the confidence interval
estimator based on the likelihood ratio test consistently performed well in various situations.
Tang and Tang (2003) revisited the work by Lui (2000) and derived the score statistic for
testing the null hypothesis of non-zero risk difference. Their simulation study showed that
the score-test-based confidence interval estimator and the likelihood-ratio-test-based con-
fidence interval estimator perform equally well in most of the small sample settings. Most
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