
GlaxoSmithKline

Less is More – Adaptive Seamless Phase II/III Design

Helen Chen, Jonathan Haddad, Xiaowei Wang

Presented at the CONGRESS NAME, CITY, COUNTRY, DD–DD Month YYYY

●Adaptive treatment selection relies on the application of the
closed testing principle together with combination tests [1, 2].

− Closed testing principle: An individual hypothesis is rejected if
all hypotheses in the closed family are rejected.

− Adaptive combination tests to combine p-values based on the
first (𝑝) and second stage data (𝑞) for a null tested in two stages

 Stop the trial if 𝑝 ≤a (stop for efficacy) or 𝑝 > 𝑏 (stop for futility)

 Proceed to the Part B and reject the null if 𝐶 𝑝, 𝑞 ≤ 𝑐, where 𝑐 solves

𝑎 + ∫ ∫ 1 𝐶 𝑥, 𝑦 ≤ 𝑐 𝑑𝑦𝑑𝑥 = 𝛼 and 𝐶(⋅) is the combination
function, e.g. the weighted inverse normal function

𝐶 𝑝, 𝑞 = 1 − Φ 𝑣Φ 1 − 𝑝 + 1 − 𝑣 Φ 1 − 𝑞 .

− The overall p-value for combination tests is defined by

𝑃 𝑝, 𝑞 =

𝑝 if 𝑝 ≤ 𝑎 or 𝑝 > 𝑏 

𝑎 + 1 𝐶 𝑥, 𝑦 ≤ 𝐶(𝑝, 𝑞) 𝑑𝑦𝑑𝑥 otherwise

●An adaptive seamless phase II/III design eliminates the time
between the traditional separate trials, better utilizes the data
collected before the interim analysis, and allocates more patients
to more effective treatment in the confirmatory stage, thus will
result in faster clinical trials. Using these faster clinical trials,
effective treatment can be approved sooner to benefit more
patients.

●Statistical methods for seamless trials are well-established and
should not be considered a barrier to their use.
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●Traditionally, strict frequentist rules (e.g. two independent pivotal
trials both with a significant result) have been developed to
register a new medical treatment. On the other hand, there is a
demand for flexibility to expedite the development process.

●A seamless (operational and/or inferential) phase II/III design
usually contains two stages of traditional clinical trials, a learning
stage (phase IIb) for selection and a confirmatory stage (phase
III). The integration of two stages into a single trial accelerates
the development process of new drugs (Figure 1).

●The objective is to determine the optimal sample size for an
adaptive seamless phase II/III design with the familywise type I
error rate controlled in the strong sense at a targeted power
based on simulations.
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Figure 1. Comparison Between the Traditional Design and the 
Adaptive Seamless Design
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Figure 2. Adaptive Seamless Design

Dose A

Dose B

Dose C

Placebo

 𝑟 ,

 𝑟 ,

 𝑟 ,

 𝑟 ,  𝑝

 𝑝

 𝑝

Part A: Learning Stage

Part B: Confirmatory Stage

Selected Dose 

Placebo

 Dose Selection
 Futility/Efficacy Stopping
 Sample size re-estimation
 etc

Interim Analysis

Final Analysis*: Closed Testing Principle + Combination Tests

 𝑖𝑓 𝑝𝑟𝑜𝑐𝑒𝑒𝑑

  𝐶 𝑝 , 𝑞

  𝐶 𝑝 , 𝑞

  𝐶 𝑝 , 𝑞

Reject if max 𝐶 𝑝, 𝑞 < 𝛼;
otherwise not.

  𝐶 𝑝 , 𝑞

  𝑝 , 𝑞

  𝑝 , 𝑞

  𝑝 , 𝑞

Multiplicity 
adjusted p-
values for 

intersection 
hypotheses

* Data from two stages combined while controlling FWER in the strong sense.

Primary endpoint: Proportion of participants who have both an
Investigator’s Global Assessment (IGA) score of 0 or 1 and a
reduction from baseline of ≥2 points at Week 16

●Part A: three different doses of Treatment vs. Placebo (1:1:1:1
where 𝑛 = sample size per arm); Part B: one selected dose of
Treatment vs. Placebo (2:1 where 𝑛 = sample size in Placebo).

●Dose selection: the dose with the highest standardized interim
effect estimate (e.g. the efficient score test for the log odds ratio )

Figure 3. Surface Plot of Statistical Power vs. (𝒏𝟏, 𝒏𝟐)

●Consider 𝑘 experimental treatments 𝑇 , …, 𝑇 that are compared
to a control 𝑇 in a parallel group design. The corresponding
hypotheses are

𝐻 : 𝜃 − 𝜃 ≤ 0 vs. 𝐻 : 𝜃 − 𝜃 > 0, 

where 𝜃 denotes the treatment effect parameter (e.g. response
rate) of treatment 𝑖, 𝑖 = 0, 1, …, 𝑘.
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Results

Scenario 𝒏𝟏 𝒏𝟐

Pr(Select 
optimal 
dose at 
interim)

Pr(Select 
wrong 
dose at 
interim

PET Power

(Type I)

𝑬(𝑵)

(.12, .12, .30, .40) 85 30 90.3% 9.6% 0.0% 90.2% 434

(.12, .20, .30, .40) 86 30 90.3% 9.7% 0.0% 90.2% 434

(.12, .12, .12, .12) 86 30 6.6% 14.5% 79.0% (0.7%) 363

Example

Table 1. Sample Size and Simulation Results

●Operating characteristics assuming sigmoid Emax models

Power=𝑃𝑟(the correct dose is selected and rejected). For the power calculations it is
assumed that the trial is stopped for futility after Part A if unadjusted 𝑝 > 0.15 for all doses.

●The optimal sample size set {𝑛 , 𝑛 } is determined as the one that
gives the greatest power, or equivalently, gives the minimum
expected sample size 𝐸 𝑁 = 4𝑛 + 2𝑛 ∗ PET under the
alternative at the desired power with type I error under control,
where PET is the probability of early termination of the trial.

Figure 4. Operating Characteristics

Based on 100,000 simulations.


