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▪ Phase II Proof-of-Concept trials

▪ Binary endpoint: response vs. no response (e.g tumour
shrinkage)

𝑌𝑗|𝜋𝑗 ~ 𝐵(𝜋𝑗 , 𝑛𝑗)

𝜃𝑗 = log(
𝜋𝑗

1 − 𝜋𝑗
)

Context
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Number of responses
of strata j

Log-odds of the 
true response rate

True response rate 
of strata j

Number of patients 
of strata j
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Stratification modeling

Standard methods
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n1

n3

n2

n4

𝜃𝑗 ~ 𝑁(𝑚𝑗 , 𝑣𝑗)

Estimates per group

Reliability?
Over-interpretation?



Pooling

Standard methods
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𝜃~ 𝑁(𝑚, 𝑣)

Precision

No estimate per group
Accuracy?

N



Hierarchical modeling

Standard methods
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𝜃𝑗|𝜇, 𝜏~ 𝑁(𝜇, 𝜏2)

Estimates per group
Borrowing information

Exchangeability assumption?

n1

n3

n2

n4

𝜇 ~ 𝑁(𝑚, 𝑣) 𝜏~ 𝐻𝑁(𝜎²)



Idea
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Robust mixture extension 
of the standard hierarchical approach        

EX: Exchangeability across similar strata

+
NEX: Non-exchangeability for extreme strata

EXNEX

Context EXNEX Application Discussion

Neuenschwander, B.,Wandel, S., Roychoudhury, S. & Bailey, S. (2016). Robust exchangeability designs for early phase clinical trials with multiple strata. 



Methodology
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EXNEX approach
Mixture of hierarchical and stratified modeling method

EXCHANGEABLE (EX) NON-EXCHANGEABLE (NEX)

With probability wj With probability 1 - wj

𝜃𝑗 ~ 𝑁(𝑚𝑗 , 𝑣𝑗)𝜃𝑗|𝜇, 𝜏~ 𝑁(𝜇, 𝜏2)

𝜇 ~ 𝑁(𝑚, 𝑣)

𝜏~ 𝐻𝑁(𝜎²)
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Bayesian inference: 

Prior    x    Likelihood =    Posterior
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Bayesian inference: 

Prior    x    Likelihood =    Posterior

Markov chain Monte Carlo (MCMC) algorithms

Rjags (Gibbs sampler)

Methodology
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𝜃𝑗|𝜇𝑗 , 𝜏𝑗 , 𝑖𝑗~ 𝑁(𝜇𝑗 , 𝜏𝑗
2)

𝑖𝑗~𝐶𝑎𝑡(𝑤𝑗)

𝜇𝑗 = 𝜇 et 𝜏𝑗 = 𝜏 𝒊𝒇 𝒊𝒋 = 𝟏

𝜇𝑗 = 𝑚𝑗 et𝜏𝑗 = 𝑣𝑗 𝒊𝒇 𝒊𝒋 = 𝟐

For each MCMC iteration:
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𝜃𝑗|𝜇𝑗 , 𝜏𝑗 , 𝑖𝑗~ 𝑁(𝜇𝑗 , 𝜏𝑗
2)

𝑖𝑗~𝐶𝑎𝑡(𝑤𝑗)

𝜇𝑗 = 𝜇(𝟏) et 𝜏𝑗 = 𝜏 𝟏 𝒊𝒇 𝒊𝒋 = 𝟏

𝜇𝑗 = 𝑚𝑗 et 𝜏𝑗 = 𝑣𝑗 𝒊𝒇 𝒊𝒋 = 𝟑

𝜇𝑗 = 𝜇(𝟐) et 𝜏𝑗 = 𝜏 𝟐 𝒊𝒇 𝒊𝒋 = 𝟐

For each MCMC iteration:

https://www.google.fr/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwixnO3OyqDbAhXG1xQKHROwC24QjRx6BAgBEAU&url=http://www.futureenterprise.eu/scenario/scenario-building-methodology&psig=AOvVaw3jhhVp0PnSItmCxPe6I1kV&ust=1527328066259494


Methodology

Evaluation of the exchangeability non-exchangeability methodology – Audrey Puaud        – 11/20/2018 13

Context EXNEX Application Discussion

Strata j

EXCHANGEABLE NON-EXCHANGEABLE 

• Follows one of the 
common EX distribution(s)

• Shares information with
the other exchangeable
subgroups of this iteration

• Follows its own NEX 
distribution

• No sharing of 
information with the 
other subgroups

For each MCMC iteration
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Application: phase II POC
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▪ Phase II POC study (binary endpoint) with 4 subgroups:

▪ Success criteria for each strata:
ො𝜋 ≥ 20% & 𝑃 𝜋 > 10% ≥ 81% 𝑜𝑟 91%

▪ Comparison of hierarchical, stratified and EXNEX 
modeling methods

n = 20
91%

n = 10
81%

n = 20
91%

n = 10
81%



Prior specifications
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EXNEX model:

EX component:

NEX component: 

𝑤𝑗 = 𝑝𝑗 = (0.25, 0.25, 0.50)

𝜃𝑗 ~ 𝑁 𝑚𝑗 = 𝑙𝑜𝑔𝑖𝑡 0.2 , 𝑣𝑗 = 6.3

𝜇(2) ~ 𝑁 𝑚 = 𝑙𝑜𝑔𝑖𝑡 0.3 , 𝑣 = 3.8

𝜏(2)~ 𝐻𝑁(𝜎2 = 1²)

𝜇(1) ~ 𝑁 𝑚 = 𝑙𝑜𝑔𝑖𝑡 0.1 , 𝑣 = 10.1

𝜏(1)~ 𝐻𝑁(𝜎2 = 1²)



Prior specifications
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▪ Hierarchical model:

▪ Stratified model:

𝜃𝑗 ~ 𝑁 𝑚𝑗 = 𝑙𝑜𝑔𝑖𝑡 0.2 , 𝑣𝑗 = 6.3

𝜇 ~ 𝑁 𝑚 = 𝑙𝑜𝑔𝑖𝑡 0.2 , 𝑣 = 5.3

𝜏~ 𝐻𝑁(𝜎2 = 1²)



Illustration with 2 scenarii
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▪ 2 scenarii:
Homogeneous

Nugget scenario

6/20
= 30%

4/10 
= 40%

3/10
= 30%

7/20
= 35%

13/20
= 65%

4/10 
= 40%

3/10
= 30%

7/20
= 35%



Homogeneous situation
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30% 40% 30%35%
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Priors:
ෝ𝑚1 = logit(0.1)
ෝ𝑚2 = logit(0.3)
ෝ𝑚𝑗 = logit(0.2)

ෝ𝑤𝑗 = (0.25, 0.25, 0.50)

30% 40% 30%35%
True

response rate

Posterior distributions

Strata 1 2 3 4

EX component

ෝ𝒎𝟏 logit(0.20)

ෞ𝒘𝒋
𝟏 0.27 0.28 0.27 0.27

ෝ𝒎𝟐 logit(0.32)

ෞ𝒘𝒋
𝟐 0.38 0.38 0.37 0.36

NEX component
ෝ𝒎𝒋 logit(0.23) logit(0.24) logit(0.25) logit(0.22)

ෞ𝒘𝒋
𝟑 0.35 0.34 0.37 0.37



Heterogeneous situation
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65% 40% 30%35%
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65% 40% 30%35%
True

response rate

Priors:
ෝ𝑚1 = logit(0.1)
ෝ𝑚2 = logit(0.3)
ෝ𝑚𝑗 = logit(0.2)

ෝ𝑤𝑗 = (0.25, 0.25, 0.50)

Posterior distributions

Strata 1 2 3 4

EX component

ෝ𝒎𝟏 logit(0.24)

ෞ𝒘𝒋
𝟏 0.22 0.26 0.26 0.25

ෝ𝒎𝟐 logit(0.38)

ෞ𝒘𝒋
𝟐 0.31 0.34 0.35 0.33

NEX component
ෝ𝒎𝒋 logit(0.39) logit(0.25) logit(0.26) logit(0.23)

ෞ𝒘𝒋
𝟑 0.47 0.40 0.38 0.42



Summary
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EX COMPONENT

≥ 1 distribution(s) of 
exchangeability

NEX COMPONENT

1 distribution of non-
exchangeability per strata

EXNEX

Hierarchical Stratified

Precision Accuracy

Updated mixture weights



Simulations
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▪ 42 scenarii

▪ 2 000 simulated clinical trials for each scenario

▪ 2, 3, 4 or 6 subgroups

▪ Several degrees of heterogeneity inter-strata

▪ 3 metrics: probability of success, bias and MSE



Visualization
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http://127.0.0.1:4243/


Results
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Homogeneous 
situation

Heterogeneous
situation

Unknown
situation

Hierarchical EXNEX
Stratified

EXNEX

REALITY



EXNEX

Results
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Stratified

EXNEX



Take-home messages
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GOOD 
COMPROMISE

EXCHANGEABILITY 
ASSUMPTION

Context EXNEX Application Discussion



Discussion
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Success
criteria

Outcome
Phase I

Interim
analyses

Adaptative 
designs

Real 
application

Context EXNEX Application Discussion
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Thank you for your
attention!

Any questions?
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▪ Probability of success in stratified model (logit(0.2)):

i
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▪ Success criteria for each strata:

ො𝜋 ≥ 20% & 𝑃 𝜋 > 10% ≥ 80% 𝑜𝑟 90%

Borderline cases in stratified analyses

2/10 
= 20%

ii
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▪ Prior specifications: weakly informative setting (1)

𝜇 ~ 𝑁(𝑚, 𝑣)𝜃𝑗 ~ 𝑁(𝑚𝑗 , 𝑣𝑗)

𝑣𝑗 = 𝑉(𝜃𝑗) =
1

𝑝
+

1

1 − 𝑝

𝜃𝑗 = log(
𝜋𝑗

1 − 𝜋𝑗
)

𝑣 = 𝑉(𝜃𝑗) − 𝐸 τ2 = 𝑉(𝜃𝑗) + 𝐸 τ ² − 𝑉 τ

One observation

Between
variance

Within
variance

𝜏~ 𝐻𝑁(1²)



Back-up
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▪ Prior specifications: weakly informative setting (2)

𝜇 ~ 𝑁(𝑚, 𝑣)𝜃𝑗 ~ 𝑁(𝑚𝑗 , 𝑣𝑗)

𝑣𝑗 = 𝑉(𝜃𝑗) =
1

0.2
+

1

1 − 0.2
= 𝟔. 𝟑

𝜃𝑗 = log(
𝜋𝑗

1 − 𝜋𝑗
)

𝑣 = 𝑉(𝜃𝑗) − 𝐸 τ2 = 𝑉(𝜃𝑗) + 𝐸 τ ² − 𝑉 τ

= 6.3 + 0 − 1² = 𝟓. 𝟑

One observation

𝜏~ 𝐻𝑁(1²)
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▪ Gibbs sampling

Iterative algorithm:

1. Initialization of the p parameters: 𝜃0 = 𝜃1
0, … , 𝜃𝑝

0

2. Updating (tth iteration):

𝜃1
𝑡 = 𝜋1 . |𝜃2

𝑡−1, … , 𝜃𝑝
𝑡−1

𝜃2
𝑡 = 𝜋2 . |𝜃1

𝑡, 𝜃3
𝑡−1, … , 𝜃𝑝

𝑡−1

.

.

.

𝜃𝑝
𝑡 = 𝜋𝑝 . |𝜃1

𝑡 , … , 𝜃𝑝−1
𝑡
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▪ Case studies: homogeneous scenario

30% 40% 30%35%
True

response rate

Posterior distributions (median)

Strata 1 2 3 4

EX component

ෝ𝒎𝟏 logit(0.28)

ෝ𝒎𝟐 logit(0.32)
NEX component

ෝ𝒎𝒋 logit(0.26) logit(0.29) logit(0.31) logit(0.25)



Back-up
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▪ Case studies: heterogeneous scenario

Posterior distributions (median)

Strata 1 2 3 4

EX component

ෝ𝒎𝟏 logit(0.33)

ෝ𝒎𝟐 logit(0.39)
NEX component

ෝ𝒎𝒋 logit(0.56) logit(0.30) logit(0.32) logit(0.25)

40% 30%35%
True

response rate 65%


