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Comment

D. Y. Lin and L. J. Wei

Professor Agresti has provided an excellent re-
view of exact inference for contingency tables. We
appreciate the opportunity to discuss this thought-
ful and well-written paper.

Like most statistical problems, inferences for con-
tingency tables require elimination of nuisance pa-
rameters. In comparing two success probabilities,
7w, and w,, in a 2 X 2 table, Professor Agresti
emphasizes exact conditional inference that elimi-
nates the nuisance parameter by conditioning on
both the row and column margins. An alternative
is the unconditional approach, which eliminates
the nuisance parameter, say, w,, by maximizing
type I error rate over all plausible values of =,.
The third approach is to integrate out the nuisance
parameter by specifying a prior distribution for =,.
_ A fourth technique is to replace the nuisance quan-

tity by a “reasonable” estimate. The last two ap-
proaches are not “exact,” in the sense that type I
error may not be preserved.

The exact conditional test can be conservative if
one insists on a given type I error rate. Although
the severity of the problem can be alleviated by
reporting the p-value rather then declaring “sig-
nificant” versus “nonsignificant’ at a preset level,
the conservativeness does create difficulties in cer-
tain situations, such as the sample size calculation.
In our opinion, the real problem of using the condi-
tional approach is that it is impossible to construct
exact intervals for association measures that are
not functions of the odds ratio, a quantity that does
not have an intuitive physical interpretation to
most practitioners. By contrast, the exact uncondi-
tional approach can be used to derive confidence
intervals for any function of =, and =, (Santner
and Snell, 1980), for example, the difference =, — w4
and the relative risk =, /7,. A disadvantage of the
unconditional inference is that the resulting inter-
val estimate can be quite conservative in certain
applications. Moreover, unconditional inference is
not feasible for high-dimensional contingency ta-
bles at the present stage. So, before we can make
“exact” methods more ﬂexi})le, we still need those
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“nonpurists” around in our profession. Recent work
by Storer and Kim (1990) indicate that some nonex-
act methods are quite reliable for small samples.

We have found exact methods very useful in
settings not considered by Professor Agresti. In the
recent paper by Lin, Wei, and DeMets (1991), we
studied exact statistical inference for 2 X 2 tables
under group sequential designs. In group sequen-
tial trials, the data are reviewed periodically to
detect early evidence for the treatment difference.
Since there are typically very few subjects in early
interim analyses, the large-sample approximations
do not work well. The conservativeness of the exact
conditional test does become a problem here, be-
cause it is necessary to prespecify a sequence of exit
probabilities in the group sequential study. We
found the unconditional approach quite useful in
this case.

When investigating therapies of potentially great
benefit, it is more ethical to utilize an adaptive
design in which the treatment allocation ratio
changes as a function of the observed outcomes. For
example, two such designs, the randomized play-
the-winner rule (Wei and Durham, 1978) and a
two-stage model (Ware, 1990), were instrumental
in establishing the effectiveness of extracorporeal
membrane oxygenation for treating persistent pul-
monary hypertension of the newborn. In adaptive
designs, the observed counts tend to be small and
unbalanced. As a result, large-sample approxima-
tions are usually inadequate. In fact, asymptotic
methods may not even exist for some complicated
designs (such as Ware’s two-stage design). We have

" developed efficient network algorithms for conduct-

ing exact conditional and unconditional inferences
for 2 X 2 tables under arbitrary designs. These
algorithms have been used successfully to analyze
data from the randomized play-the-winner design
(Wei, Smythe, Lin and Parks, 1990) and data from
the two-stage design (Lin and Wei, 1990). It should
be pointed out that, with an adaptive design, sub-
stantial loss of information about the relative merit
of the two treatments may result from conditioning
on the numbers of subjects assigned to the two
groups (Wei, Smythe, Lind and Parks, 1990). Fur-
thermore, because conditioning on both margins
drastically reduces the sample space, the condi-
tional distribution for the parameter of interest
may be degenerate, as occurred in Ware’s design
(Lin and Wei, 1990). By contrast, the unconditional
approach has been met with greater success.
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