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G ROUP SEQUENTIAL TEST FOR TWO ENDPOINTS
Consider a two stage group sequential clinical trial with two normally distributed endpoints, one primary and one secondary endpoint. The means
µTi , i = 1, 2 of the two outcomes in the treatment arm are compared to
the corresponding values in the control arm µ0i , i = 1, 2 testing the one
sided hypotheses

Gate-keeping Test

Testing the secondary endpoint only if the primary endpoint can be rejected and the
tertiary only if the secondary
endpoint can be rejected

Testing two secondary endpoints as soon as the primary
endpoint can be rejected

HS : µT2 ≤ µ02 vs. H20 : µT2 > µ02 .

and

Here δ1 = µT1 −µ01 , δ2 = µT2 −µ02 denote the effect sizes and ρ the unknown
true correlation between the endpoints.
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Hierarchical Test: The secondary hypothesis is only tested after the
primary hypothesis has been rejected:

S2
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Using the correlation between the endpoints leads to
improved boundaries and an
increase in power. The secondary power of the gatekeeping test is bounded by
the power of the primary endpoint while the tertiary power
of the hierarchical procedure
approximates the power of
the power of the secondary
endpoint.
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Future work:
Improved tests for three endpoints based on estimated correlations.
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Type I error rate
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What is the type I error rate for HS
if we adjust group sequential boundaries assuming the correlation is r although the true correlation is ρ?
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Improved Hierarchical Test
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T YPE I ERROR RATE IF CORRELATION IS MISSPECIFIED
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Improved Gate-keeping Test
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Analyses of multiple endpoints in group sequential clinical trials use tests
relying on the joint multivariate distribution which either presume known
correlations or correlation estimates based on all data accumulated so
far. As misspecification of true correlation ρ can have a large impact on
the type I error rate, it is often proposed to use the most conservative
adjustment across all possible correlations. But having observed data,
we should not need to consider correlations completely unsupported by
the data.
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The stopping rule makes the test for the secondary endpoint strictly conservative [1, 3]. The actual type I error rate depends on the correlation. If
the correlation were known we can improve the group sequential boundaries.

For δ1 = δ2 = 0.5 we calculated the power to reject the
third hypothesis:
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Stopping rule: Stop the trial in the interim analysis if HP is rejected.
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Test each hypothesis with group sequential test at level α → control of
multiple type I error rate
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Hierarchical Test

Power

HP : µT1 ≤ µ01 vs. H10 : µT1 > µ01

O UTLOOK : G ENERALISATION TO THREE ENDPOINTS
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The maximum type I error rate maximized over all δ1 > 0 is shown in the
left Figure.
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M ETHODS TO DEAL WITH UNKNOWN CORRELATION ρ
• Worst case approach: Choose the correlation leading to the highest possible type I error rate to adjust the boundaries (→ decrease
in power). This is equivalent to not improving the boundaries at all.
• Naive approach: Use an interim estimate of the correlation to calculate the adjusted boundaries (→ type I error rate inflation).
• Berger Boos Method = method to adjust for the worst case across
all correlations in a confidence interval and still control the type I
error rate of the trial [2]
• Maximum approach: lower the significance level such that when
using an estimate of the correlation the type I error rate is still controlled.

C ONCLUSIONS
• It is possible to use multiple testing methods based on the joint
multivariate distribution together with an estimate for the correlation
and still control the type I error rate.
• The power of testing procedures for multiple endpoints in group sequential trials can be improved by estimating the correlation. For
the case of three endpoints the optimal testing strategy depends on
the alternative considered.
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