
Module 5: Multiple Stage Adaptive Enrichment Designs

Adaptive Group Sequential Designs that Balance the
Benefits and Risks of Expanding Inclusion Criteria.
Rosenblum, M., Thompson, R.E., Luber, B., Hanley, D.

Primary outcome: degree of disability on modified Rankin Scale
(mRS); score of ≤ 3 is a successful outcome.

H0C : No Mean Treatment Benefit for Combined Population;
H01: No Mean Treatment Benefit for Subpopulation 1

Design Goals:

(i) at least 80% power to reject H0C , when treatment benefits
both subpopulations at ∆min = 0.125;

(ii) at least 80% power to reject H01, when treatment only
benefits subpopulation 1 at ∆min = 0.125;

(iii) strong control of the familywise Type I error rate at level
0.025 (one-sided).
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Adaptive, Group Sequential Algorithm for testing H0C ,H01

At each interim analysis k :

1 Compute cumulative z-statistics: ZC ,k for Combined
population; Z1,k for subpopulation 1; Z2,k for subpopulation 2.

2 Assess Efficacy for Combined Population and for
Subpopulation 1: If ZC ,k > uC ,k reject H0C ; if Z1,k > u1,k
reject H01. If any rejected, stop all enrollment.

3 Assess Futility: If Z1,k ≤ l1,k , stop all enrollment;

4 Decide on Stopping Subpopulation 2 Enrollment: If
Z2,k ≤ l2,k , stop subpopulation 2 enrollment; at each future
analysis:

If Z1,k > u1,k , reject H01 and stop all enrollment.
If Z1,k ≤ l1,k , stop all enrollment and do not reject any null
hypothesis.

5 Else, continue enrolling from the combined population.
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Adaptive, Group Sequential Algorithm for testing H0C ,H01

We optimize efficacy and futility boundaries to minimize
expected sample size over scenarios of interest, over subclass
of above designs.

Table: Adaptive design (at π1 = 1/3). Boundaries on z-statistic scale.

Interim Analysis (k) 1 2 3 4 5

Cum. Sample Size Subpop. 1 93 187 280 428 576
Cum. Sample Size Subpop. 2 187 373 560 560 560
Cum. Sample Size Comb. Pop. 280 560 840 988 1136

H0C Efficacy Boundary (uC ,k) 4.93 3.49 2.85
Bndry to Stop Subpop. 2 (l2,k) 0 0 ∞
H01 Efficacy Boundary (u1,k) 5.09 3.60 2.94 2.38 2.05
H01 Futility Boundary (l1,k) 0 0 0 0 2.05
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Comparison to Standard Group Sequential Designs
Achieving Goals (i)-(iii)

Table: Comparison of expected sample size (at π1 = 1/3).

Expected Sample Size

ADAPT STD. SINGLE STD. PAIRED
Scenario:
a. ∆1 = ∆2 = δmin > 0 674 856 823
b. ∆1 = δmin,∆2 = 0 716 1075 795
c. ∆1 = ∆2 = 0 517 723 549
Average over a-c: 635 885 722
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Comparison of Expected Sample Size vs. Subpop. 1
Proportion π1
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Summary:

Substantial Gains in Expected Sample Size vs. Standard
Designs

Adaptive Designs Provide Strong Control of Familywise Type I
Error Rate Even if Stop Enrollment Early for Subpop. 2 (e.g.
if Higher Adverse Event Rate)

Limitation: Need Outcomes Observed Soon After Enrollment;
Working Now on Extension to Outcomes with Delay
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