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The Two-Trials Rule

– FDA requires

“at least two adequate and well-controlled studies,
each convincing on its own, to establish effectiveness.”

– Usually implemented requiring one-sided p ≤ α = 0.025 in two
independent studies.

→ Overall T1E rate is αoverall = α2 = 0.0252 = 0.000625.
– Nice review in Kennedy-Shaffer (2017)
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More Than Two Trials

– Requiring at least 2 out of n > 2 trials to be significant at 0.025 is too lax.

– Requiring all n trials to be significant at 0.025 is too stringent.

– Rosenkranz (2023) addresses the problem by requiring that

“the type-I error rate of any procedure involving more than two
trials shall equal the type-I error rate from the two trials rule.”

→ “2-of-3 rule” with adjusted significance level α∗ = 0.0145
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The Harmonic Mean χ2 Test

– Compute the harmonic mean Z 2
H of squared Z -values Z 2

1 , . . . ,Z
2
n to obtain

X 2
n = n · Z 2

H =
n2∑n

i=1 1/Z 2
i

H0∼ χ2(1 df)

– Exact overall T1E control at level αoverall is obtained with critical value cn.
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Necessary Success Bounds on p-Values

The success criterion X 2
n ≥ cn ⇐⇒ Tn =

n∑
i=1

1/Z 2
i ≤ dn =

n2

cn

requires 1/Z 2
i ≤ dn, which implies necessary success bounds on all p-values:

bound on p-value
αoverall n = 2 n = 3 n = 4
0.0252 0.065 0.17 0.26

Formalizes the meaning of

“at least two adequate and well-controlled studies,
each convincing on its own, to establish effectiveness”

No such bounds exist for Fisher, Stouffer, 2-of-3 rule
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Project Power for 2 Trials

– Of central interest is the overall
project power.

– Can be easily calculated through
Monte Carlo simulation:

Project power (%)
Trial power two-trials rule harmonic

80 64 71
90 81 87
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Sequential Conduct of 3 Trials

– 2-of-3 rule
– Cannot stop after trial 1

→ Trial 1 and 2 could be run
in parallel

– Can stop after trial 2 for
both failure and success

– Failure if p1,p2 = 0.02 (!)
– Harmonic mean test

– Can stop after trial 1 for
failure (if p1 > 0.17)

– Can stop after trial 2 for
failure

– Success is only possible
with 3 trials

Decisions after trial 1 and 2:
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Sequential Conduct of 3 Trials
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Harmonic mean
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Sequential Conduct of 3 Trials
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Project Power and Expected Number of Trials
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The Sequential Harmonic Mean Test

– Test for success after 2nd and 3rd trial at level αadjusted.
– Exact T1E control at level αoverall requires multiplicity adjustments based on

T3 = 1/Z 2
1 + 1/Z 2

2︸ ︷︷ ︸
=T2 ∼ IG(1/2,2)

+ 1/Z 2
3︸ ︷︷ ︸

∼ IG(1/2,1/2)

– Can be extended to test also after 1st trial.
→ Adjusted level and thresholds di for αoverall = 0.0252:

threshold
αadjusted d1 d2 d3

hMean 0.0252 1.14
2|3 seq hMean 0.0182 0.39 1.00

1|2|3 seq hMean 0.0152 0.081 0.36 0.92
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The Sequential Harmonic Mean Test
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The Sequential Harmonic Mean Test
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Possible Decisions after Trial 1

Trials 2 and 3 can sometimes be conducted in parallel:

p−value from 1st study

| |
| | |Stop for success Continue with 2nd trial

Continue with 2nd

and 3rd trial

Stop for failure

0.0002 0.048 0.15

0.0001 0.001 0.01 0.1 1

Continue with 2nd trial

Continue with 2nd

and 3rd trial

Stop for failure

0.054 0.16

2|3 seq hMean

1|2|3 seq hMean
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Possible Decisions after Trial 2
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Project Power and Expected Number of Trials
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Summary

The harmonic mean χ2 test
– requires each trial to be convincing on its own

– allows for stopping after the 1st trial
– leads to more appropriate inferences than the 2-of-3 rule
– can be applied sequentially to stop for success after the 2nd or 1st trial
– has increased project power and requires less trials
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