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Motivating Example: Cui, Hung and
Wang (Biometrics, 1999)

• Phase III clinical trial for prevention of myocardial infarct in
patients undergoing coronary artery bypass graft surgery

• Design parameters:

– Placebo MI rate, πc = 22%. Treatment MI rate, πt = 11%.
Looking for an improvement of δ = πt − πc = −11%

– One sided test with α = 0.025 and 95% power to detect
δ = −11%

– One interim look at midcourse

• Required up-front commitment: 579 patients (both arms)
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But when the interim look was taken:

• The drop in MI was only half the design specification.
π̂c ≈ 22%, and π̂t ≈ 16.5%; i.e., δ̂ ≈ −6.5%, whereas the study
was powered for δ = −11%

• Sponsor was concerned that if these estimates accurately
reflected the true parameters, the trial would only have 39%
power

• At the time there was no valid procedure to increase the
sample size without inflating the type-1 error.

• Eventually the trial failed to show statistical significance
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Could this trial have been saved?

Yes! An adaptive approach might have saved this trial

• Basic idea of adaptive trials:

– increase the sample size if the observed data suggest loss of
power

– at the same time make appropriate adjustments to preserve
the type-1 error

• Extensive Literature: Bauer and Kohne (1994), Proschan and
Hunsberger (1995), Cui, Hung and Wang (1999), Shen and
Fisher (1999), Lemacher and Wassmer (1999), Liu and Chi
(2001), and many more
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Is there a down side to adaptive designs?

Yes! They are not as efficient as conventional group sequential
trials that don’t adapt.
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• General Result: Tsiatis and Mehta (Biometrika, 2003) show
that any adaptive procedure for increasing the sample size
can be improved uniformly by a classical group sequential
design. (Tsiatis will present this theorem in Session # 60, at
4:15 PM, Today.)

• Specific Result: For the myocardial infarct example we will
show that we could design a substantially better trial within
the classical group sequential framework than by the adaptive
method of Cui, Hung and Wang (CHW).
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The CHW adaptive method

• Two-stage trial is planned for:
n1 observations/arm at stage 1,
nmax observations/arm overall.

• At stage 1 compute f = δ
δ̂

• If f > f0, increase the final sample size to

n∗
max = f 2nmax
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Usual test statistic is inappropriate for
final look

• At the final stage the usual test statistic is proportional to

T =
∑n∗

max
i=1 Xti

n∗
max

−
∑n∗

max
i=1 Xci

n∗
max

= π̂t − π̂c

• But this statistic will not preserve the type-1 error because we
have used the stage 1 data to increase the sample size from
nmax to n∗

max

8



Downweight the final test statistic

T =
√

n1

nmax

n1∑
i=1

Xit − Xic√
n1

+
√

nmax − n1

nmax

n∗
max∑

i=n1+1

Xit − Xic√
(n∗

max − n1)

• If we used n∗
max instead of max in the “weights” for the two

terms, T would be proportional to π̂t − π̂c. Every patient
would count equally in the value of T

• But instead, by using the above weighted sum, the contribution
of the stage 1 patients counts more than the contribution of the
stage 2 patients.

• As a result the type-1 error is preserved despite increasing the
sample size from nmax to n∗

max
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Two-look design with no early stopping but possible adaptation at
look 1
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Simulation Results: πt = 16.5%. No adaptation at look 1.
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Simulation Results: πt = 16.5%. With adaptation at look 1.
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Compare the Adaptive and Group
Sequential Approaches

Adaptive Approach: Start small, then ask for more.

• We designed the trial for 579 patients, to detect a drop in
the event rate of 11%.

• But mid-way through the trial, when we saw that the drop
was only 6.5% we were willing to increase the sample size.

15



Group Sequential Approach: Ask for more up front, then cut
back.

• Start out by designing a trial that has good power to detect a
drop of 6.5%.

• But have high probability of early detection and termination if
actual drop is 11%.

• By judicious selection of sample size, number of looks, spacing
of looks and stopping boundaries, one can improve on the
adaptive approach uniformly.
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Tools to decrease ASN of a group
sequential design

1. Select both an efficacy and a futility boundary.

2. Add more interim looks.

3. Change spacing of the looks.

4. Increase the concavity of the spending function.
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Do practical advantages of adaptive
designs offset their loss of efficiency?

There has been a great deal of recent interest in adaptive designs.
Given that they can always be dominated by standard group
sequential trials that are relatively easy to find why should we
adopt them? I have heard three reasons given.
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Reason 1: There is great uncertainty
about the effect size

Is that a valid reason?

The effect size is never known at the design stage. Nor does it have
to be known.

We are only required to specify a clinically meaningful effect
size for the power calcuations.

22



Reason 2: The clinically meaningful
effect size is a moving target

• At the design stage you felt that the clinically meaningful drop
in MI is 11%. It is not worth running the trial to detect a
smaller drop.

• But after the trial starts you feel that even a drop in MI of
6.5% is clinically meaningful. Had you known this at the start,
you could have designed a better trial with the standard group
sequential approach.

• Why this change of heart? We need published discussions, with
specific examples, of why the clinically meaningful endpoint is
a moving target.
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Reason 3: Budgetary Considerations

You might find it easier to request a small budget at the design
stage and ask for supplemental funding after seeing the interim
data.

• Could this argument be countered by showing management the
simulation and ASN results?

• Could you request supplemental funding for an increasing the
sample size without unblinding the interim results to the trial
sponsor?

• Again, we need published discussions, with specific examples of
how the actual logistics of running an adaptive trial would be
handled. Who would make the decision to adjust the sample
size? Who would know about the decision? What is the
potential for bias?
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Conclusion

• We believe that under certain specific conditions you might
indeed want to change your mind about certain design
parameters (sample size, end-point, test statistic etc).

• In such situations adaptive schemes serve as an excellent
“rescue operation”.

• But these are usually special cases. Real situations where one
would want to incorporate the adaptive approach, at the design
stage itself, need to be brought out and discussed. There is a
heavy trade-off in terms of loss of efficiency.
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