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ABSTRACT
In oncology clinical trials, primary and secondary endpoints are analyzed using different statistical models
based on the study design. Objective response rate (ORR) and clinical benefit rate (CBR) are commonly
used as key endpoints in oncology studies, in addition to overall survival (OS) and progression-free
survival (PFS). The use of ORR and CBR as an endpoint in these trials is widespread as objective
response to therapy is usually an early indication of treatment activity and it can be assessed in smaller
samples compared to OS; furthermore, FDA considers ORR and CBR as clinical and surrogate endpoints
in traditional and accelerated approvals.
Bringing new therapies to market based on ORR and CBR requires specialized statistical methodology
that not only accurately analyzes these key endpoints but can also accommodate stratified study designs
aimed at controlling for confounding factors. The Cochran-Mantel-Haenszel (CMH) test provides a
solution to address these many needs.
This paper introduces CMH test concepts, describes how to interpret its statistics, and shares insights into
SAS® procedure settings to use it correctly. The calculation of ORR and CBR with 95% confidence
intervals using the Clopper-Pearson method and strata-adjusted p-values using the CMH test are
discussed with sample data and example table shells, along with examples of how to use the FREQ
procedure to calculate these values.

INTRODUCTION
Objective response rate (ORR) and clinical benefit rate (CBR) are commonly used as key endpoints in
oncology clinical trials. FDA guidance for cancer clinical trial endpoint evaluations has mentioned tumor
assessments, including ORR, can support overall survival (OS) as surrogate endpoints for traditional
approval and accelerated approval (U.S. Food and Drug Administration, 2018). The advantages of
deriving ORR and CBR are that they can be assessed earlier than PFS and OS on during a clinical trial,
require a smaller sample size compared to survival analysis, and the effect is attributable to treatment
instead of the natural progression of disease. ORR and CBR can be used to help predict the success of
treatment early in some situation.
In most cases, we may deal with ORR and CBR point estimates and 95% confidence intervals and not as
much with how they are evaluated for statistical significance, especially in stratified analyses to control
confounders in the study. Hence, this paper aims to give an understanding of the accurate method of
using ORR and CBR in a stratified analysis and observing the effect of the stratification factors.

OBJECTIVE RESPONSE RATE (ORR)
The FDA definition of ORR is "the proportion of patients with tumor size reduction of a predefined amount
and for a minimum time period" (U.S. Food and Drug Administration, 2018). Generally, the FDA has
defined ORR as the sum of complete responses (CRs) and partial responses (PRs). This implies ORR is
a direct measure of a drug antitumor activity, which can be evaluated in a single-arm study. The
significance of ORR is assessed by its magnitude and duration and the percentage of CRs. It can also be
a surrogate endpoint to support both accelerated and traditional marketing approval. Therefore, ORR is a
common endpoint in oncology clinical trials.
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CLINICAL BENEFIT RATE (CBR)
CBR is defined as the percentage of patients with advanced or metastatic cancer who have achieved
complete response, partial response, and stable disease while on a therapeutic intervention
in clinical trials of anticancer agents. The frequent use of these measures of drug efficacy presents the
question of whether CBR is a useful additional endpoint in early clinical trials, and if it can reasonably
predict the success of an agent in subsequent, adequately powered, randomized trials.

COCHRAN-MANTEL-HAENSZEL TEST
The Cochran-Mantel-Haenszel (CMH) test (or Mantel-Haenszel) is an inferential test for the association
between two binary variables, while controlling for a third confounding nominal variable (Cochran 1954;
Mantel and Haenszel 1959; Paul 2017). It is used to generate an estimate of an association between an
exposure and an outcome after taking into account confounding factors. Essentially, the CMH test
examines the weighted association of a set of exposure-by-outcome tables. The most common situation
is multiple tables of independence (for example, exposure-by-outcome table as below Figure 1) and
performing the experiment multiple times.
Figure 1 demonstrates how to estimate the association by crude analysis and stratification analysis.
Crude analysis uses a standard layout for the exposure by outcome table to show unadjusted
associations, while stratification analysis separates the crude analysis to a series of strata driven by the
number of confounder categories, calculates the statistics in each stratum, and uses CMH test to derive
the stratification-adjusted association. For example, if we want to analyze the association between
treatment and patient survival status after one year of treatment while considering gender as a
confounder, the crude analysis only considers treatment and survival status, whereas the stratification
analysis has treatment and survival status in male and female strata.

Figure 1. Crude Analysis vs. Stratification Analysis

In crude analysis, a chi-square or Fisher’s exact test could be appropriate tests depending on the
expected value in each cell. Using a stratification analysis to control confounding, a CMH test is
appropriate to determine the adjusted association between exposure and outcome. Below is the formula
to calculate the CMH statistic.
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𝑥𝑥𝑀𝑀𝑀𝑀
=

{ | ∑ [ 𝑎𝑎 − (𝑎𝑎 + 𝑏𝑏) (𝑎𝑎 + 𝑐𝑐)/𝑛𝑛] | − 0.5 }2
∑(𝑎𝑎 + 𝑏𝑏)(𝑎𝑎 + 𝑐𝑐)(𝑏𝑏 + 𝑑𝑑)(𝑐𝑐 + 𝑑𝑑)/(𝑛𝑛3 − 𝑛𝑛2 )

The numerator is the squared sum of deviations between the observed and expected values under the
null hypothesis. The observed value is the value in cell a, while the expected value is (a+b)(a+c)/n, and
the 0.5 is a continuity correction. The denominator contains an estimate of the variance of the squared
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differences. The test statistic, 𝑥𝑥𝑀𝑀𝑀𝑀
, is chi-square distributed with one degree of freedom used to calculate
the p-value.

EXAMPLE DATASET
To illustrate this topic, we constructed an example dataset as a dummy CDISC ADaM ADRS (response
analysis) data set, as shown in Table 1. The parameter “Best Overall Response” is a subject’s best
response value stored in variable AVALC, which is evaluated based on RECIST 1.1. AVALC contains:
CR (Complete Response), PR (Partial Response), SD (Stable Disease), PD (Progressive Disease), and
NE (Not Evaluable). Variable STRTRD1 consists of region: North America, and Rest of World. Treatment
information is stored in TRT01P and TRT01PN, Drug (1) vs. Placebo (0).

Table 1. ADRS Dataset with Stratification Variable (North America vs. Rest of World)

EFFECT OF STRATIFICATION FACTORS ON ORR AND CBR
Prior to digging into a stratification analysis, we wanted to observe if region confounds the association
between treatment and ORR, e.g., whether patients in different regions who receive the same treatment
may have a different outcome in ORR. The approach presented in Figure 1 compares the crude
association with the associations in each stratum stratified by confounding factor. From the data we have
the unadjusted odds ratio (OR), the OR in North America, and the OR in Rest of World. The results are
presented in Table 2, showing the ORs are apparently different between these two regions both in point
estimate and in the 95% confidence interval (CI), which means the likelihood of achieving ORR differs by
region. Therefore, the region adjustment for treatment and response is necessary.

Odds Ratio and Relative Risks
Statistic
Value
95% Confidence Limits
Odds Ratio (Unadjusted)
0.4068
0.2314
0.7214
Odds Ratio in North America
0.6169
0.2799
1.3597
Odds Ratio in Rest of World
0.2654
0.1160
0.6071
Table 2. Odds Ratio of Achieving ORR in Crude and Stratified by Region
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In the examples below, we are going to discuss the effect of stratification by region on the association
between exposure and response, using ORR and CBR as the example endpoint. We will present a model
analysis with and without stratification and briefly discuss the SAS® code to conduct the analysis.

OBJECTIVE RESPONSE RATE
Objective response is defined as the best overall response of complete (CR) or partial response (PR)
using RECIST 1.1. ORRs were calculated on our example data and the results are shown below in Figure
2.

Figure 2. Example Output for the Objective Response Rate
SAS® PROC FREQ can perform the stratification analysis as per the code below:
ods listing close;
ods output cmh = <output dataset>;
proc freq data = <source dataset>;
tables strtrd1*trt01pn*aval/cmh;
run;
ods listing;

We know the SAS® FREQ procedure is used to produce n-way by n-way crosstabulation tables. In our
stratification analysis, we requested an association between treatment (variable TRT01PN) and outcome
(variable AVAL), adjusted by region (variable STRTRD1), using CMH as the statistical method.The value
of variable AVAL is 1 for the subjects with ORR and 0 without ORR.
The option CMH in the TABLES statement is used to request CMH statistics. The ODS OUTPUT
statement produces a SAS dataset from the portion of the listing produced by PROC FREQ that
corresponds to output produced by the option used in the TABLES statement, in our case CMH. From the
OUTPUT list, CMH produces correlation, association statistics, CMH adjusted odds ratios and relative
risks, and Breslow-Day test results. In our analysis, we took the general association under the CMH
statistics.
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Figure 3 CMH Statistics Summary with Stratification on ORR
The SAS® PROC FREQ can also perform this as a non-stratificatied analysis per the code below. This is
not feasible for our data, as we have shown the region has a confounding effect on treatment and
response, however we wanted to show how this would work if there were no confounding. In that case, a
chi-square test is appropriate:

ods listing close;
ods output FishersExact=<output dataset>;
proc freq data=<source dataset>;
tables trt01pn*aval/chisq;
run;
ods listing;

In the non-stratification analysis, we wanted to observe the simplified association between treatment
(variable TRT01PN) and outcome (variable AVAL). Considering cells may have fewer than 5 subjects, we
selected the Fisher’s exact test as the statistical method. The value of variable AVAL is 1 for the subjects
with ORR and 0 without ORR.

Still using PROC FREQ, the option CHISQ requests chi-square tests and measurements. The tests
include the Pearson chi-square, likelihood-ratio chi-square, and Mantel-Haenszel chi-square, as well as
Fisher’s exact test for 2x2 tables. Selecting ODS OUTPUT FishersExact will output a set of Fisher’s exact
test statistics in the indicated output dataset.

Figure 4: Fisher’s Exact Test Statistics Summary Without Stratification on ORR

In Figure 2, the ORR point estimate in the treatment arm is 35% and comparatively higher than the
placebo arm’s 24%. However, the 95% CIs are overlapping (25.7% - 45.2% in treatment versus 16.0% 33.6% in placebo), which indicates the ORR between the two arms is not significantly different. This is
observed in the p-value as well, which - when considering regional adjustment - is 0.0889 which is more
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precise than the unadjusted p-value. Since we already learned region plays a confounding role in the
model, we consider CMH p-value is more appropriate.

STRATIFIED CLINICAL BENEFIT RATE
In our example, clinical benefit is defined as achieving stable disease (SD) or non-CR/non-PD for ≥ 6
months or a best overall response of complete (CR) or partial response (PR) using RECIST 1.1.
Similar to the above, Figure 5 is shown based on the example data. Clinical benefit rates and the
stratified p-value are calculated based on the FREQ procedure.

Figure 5. Example Output for the Clinical Benefit Rate

Figure 6. CMH Statistics Summary for CBR with Stratification
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Figure 7. Fisher's Exact Test Statistics Summary for CBR Without Stratification
The CBR is significantly higher in the treatment group than in the placebo group: 60% (95% CI: 49.7% 69.7%) on treatment whereas placebo shows 38% (95% CI: 28.5% - 48.3%). The p-value is pretty
significant as shown: 0.0020 and 0.0029 with and without region adjustment, respectively. Since we know
region stratification is needed, using CMH as our statistical method is more accurate for the stratification
analysis.

CONCLUSION
CMH is a widely used statistical method to test the association between treatment and binary outcome
while taking into account the stratification that controls for confounding factors. Since each stratum is
homogeneous with regard to the confounder of interest, that helps to observe the association between
exposure and outcome, adjusted by the effect of confounding. The SAS® FREQ procedure supports CMH
analysis and can capture statistics using the ODS OUTPUT statement. In this paper, CMH concepts and
ORR and CBR calculations with and without taking stratification consideration were discussed. In
exploratory analysis, prior to deciding whether or not to stratify their analysis, a user should first observe if
confounding plays a role by judiciously testing the data.
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