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Objective: Clinical trials generally allocate patients to equal-sized treatment groups.
The authors propose that it may be more efficient to allocate unequal proportions of the to-
tal sample size to treatments when more than two treatments are being compared.
Method: This proposal is illustrated with two examples. One involved a comparison of
three treatments and used a dichotomous categorical outcome. The other involved com-
parison of three treatments and used a continuous measure. Results: In both examples, a
considerable increase in efficiency was realized by reducing the number of patients as-
signed to the placebo cell. Conclusions: Unequal allocation of patients to treatments
should be considered when more than two groups are compared.

(Am J Psychiatry 1998; 155:1446-1448)

Authorities on clinical trial design generally recom-
mend allocating patients to equal-sized treatment
groups (1-4). This recommendation is based on the
demonstration, in studies comparing two treatment
groups, that equal allocation of patients between
groups generally maximizes the power of the statisti-
cal comparison to detect a difference as significant.
Unequal allocation of patients to treatments has been
advocated previously in the comparison of two treat-
ments when the trial must be performed at a fixed
cost and one treatment is more expensive than another
(5) and when one treatment is more hazardous than
another (6).

When more than two treatments are being com-
pared, we propose that it may be more efficient to al-
locate unequal proportions of the total sample size to
treatments, even when costs and hazards of the treat-
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ments are equal. Study designs with more than two
treatments are not uncommon. For example, by
searching MEDLINE for papers indexed as clinical tri-
als and appearing in The American Journal of Psychi-
atry from January 1990 to May 1997, we identified 28
papers that reported randomly assigning patients to
three or more groups (references available on request).
In none of these were patients clearly randomly as-
signed prospectively to unequal-sized groups to im-
prove trial efficiency.

In designs with three or more treatments, investiga-
tors often are interested ultimately in conducting post
hoc pairwise comparisons between relevant pairs of
treatments. The expected effect size is always larger for
some pairs than for others; therefore, the power in the
comparison is higher for some pairs than for others. In
such a case, trial efficiency may be increased by assign-
ing a lower proportion of patients to those cells which
participate only in higher-power pairwise compari-
sons. We illustrate this proposal with two examples.

EXAMPLE 1: COMPARISON OF THREE TREATMENTS
USING A DICHOTOMOUS CATEGORICAL OUTCOME

A study compares a new antidepressant medication,
A, with a standard treatment, B, and a pill placebo, C.
The principal outcome measure is the proportion of
patients determined to be treatment responders versus
the proportion determined to be treatment nonre-
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sponders. Treatment B is expected from previous work
to produce 60% responders and placebo C, 30%. If
new treatment A could produce 80% responders, the
investigators believe that the difference between treat-
ments A and B would be clinically meaningful; there-
fore, they desire sufficient power to detect treatment A
as significantly different from treatment B if the differ-
ence between the response rates is as large as or larger
than that between 80% and 60%, with a power of
0.80 and alpha set at 0.05 (two-tailed). The investiga-
tors also wish the design to have power to demonstrate
that treatment A and B were each superior to placebo,
thus documenting that each treatment is effective in
the sample and enhancing the validity of the compari-
son between treatments A and B as a comparison be-
tween effective treatments. They consider the validity
imparted by the comparisons of treatment B versus
placebo C and treatment A versus placebo C to be im-
portant and so require power of 0.90, although the
tests may be one-tailed because these hypotheses are
clearly unidirectional.

According to the method of Cohen for estimation of
sample sizes for differences between rates or propor-
tions (7), the required sample size for each group in the
A versus B comparison is approximately 80. For the
comparison of B versus C, the required sample size for
each group, if they were equal sized, is approximately
46. Since treatment B must have 80 patients, we may
size the C sample so that the harmonic mean (n’'=
2npnc/np+nc) of sample C and sample B is 46. Solving
the formula for nc where n’=46 and ng=80 yields a
value for the sample size for the placebo group of ap-
proximately 32. Thus the B versus C comparison of 80
versus 32 patients will have a power of 0.90. Power for
the A versus C pairwise comparison and the power of
the omnibus comparison of the three unequal-sized
groups based on the chi-square contingency test are
both >0.995. Thus, 80+80+32=192 patients may be
randomly assigned to groups in this study at a ratio of
A:B:C of 5:5:2 rather than the 240 that would have
been needed if equal 80+80+80 samples were used, re-
ducing the cost of the trial by 20%.

EXAMPLE 2: COMPARISON OF THREE TREATMENTS
USING A CONTINUOUS MEASURE

A study compares a new antipsychotic medication,
A, with a standard treatment, B, and a pill placebo, C.
The principal outcome measure is the pre-post end-
point reduction in the total Brief Psychiatric Rating
Scale (BPRS) score. Treatment B is expected from pre-
vious work to reduce the BPRS score by a mean of 10
points (SD=15) and placebo C, a mean of 3 points
(SD=15). If new treatment A could reduce the BPRS
score by a mean of 15 points (SD=15), the investiga-
tors believe that the difference between treatments A
and B would be clinically meaningful. Power and alpha
values are set as they were in example 1. According to
the method of Cohen for estimation of required sample
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sizes for differences between means (7), the required
sample size for each group in the comparison of A ver-
sus B is approximately 160. Given that B will need 160
subjects, solving the harmonic mean formula (given in
example 1) for the comparison of B versus C yields a
sample size for the placebo group of 54. The trial has
adequate power for all planned comparisons but re-
quires 374 patients rather than 480, reducing the cost
of the trial by 22%.

DISCUSSION

In both examples, a considerable increase in effi-
ciency was realized by reducing the number of patients
assigned to the placebo cell. The resulting unequal al-
location scheme retained the desired level of power for
all planned comparisons. This was possible because of
the larger effect size and consequently greater power of
the pairwise comparisons of active treatment versus
placebo relative to the comparison between two active
medications.

The examples shown were restricted to studies com-
paring three treatments. The potential for increasing
trial efficiency can also be extended to studies of four
or more treatments. A trial employing a similar un-
equal allocation method among five treatments funded
by the National Institute of Mental Health (8) is near-
ing completion. Use of the unequal allocation scheme
led to a 20% reduction in the cost of the trial.

A relatively small number of patients in one of the
treatment cells could pose a risk to a clinical trial in
some circumstances. These circumstances include a
smaller effect size than expected, a higher placebo re-
sponse rate than expected, fewer patients recruited
than expected, or greater attrition than expected. In-
vestigators may wish to safeguard against these possi-
bilities by making conservative estimates of outcome
or attrition. Another strategy, used in both examples, is
to require higher power in these comparisons. These
safeguards will necessarily reduce the gains in effi-
ciency achieved. Investigators should also be aware
that power will be lower for within-group compari-
sons in the smallest group.

Because of the smaller numbers in the placebo cells
in both examples, any individual patient’s chance of re-
ceiving placebo was relatively low (approximately one
in six in example 1 and one in seven in example 2).
This feature may benefit a clinical trial by making it
more attractive to patients and referring clinicians and
thus enhancing recruitment.

In summary, we have described an efficient method
for determining required sample sizes when studies
contain three or more groups. The examples illustrate
how clinical trials may benefit in the planning stage
from statistical power calculations for each important
planned comparison. Similarly, at the publication
stage, interpretation of trial results would benefit from
reporting and discussing statistical power for each of
these comparisons.
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