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Context EXNEX Application Discussion

What?
o

Oncology
Early phases (I/1) / l \

Multiple subgroups
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Why?
To identify interesting strata earlier
To combine information in a single
trial
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= Phase Il Proof-of-Concept trials

= Binary endpoint: response vs. no response (e.g tumour

shrinkage)
True response rate
of strata j
Number of responses M
of strata j o YJ |T[j ~ B(T[f ) le) :
S~.._ Number of patients
- of strata j
Log-odds of the j
6 =log(7——)
true response rate J 1 — 11!
J
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Stratification modeling

9] ~ N(m], U])

Reliability?
Over-interpretation?
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Pooling

Precision

No estimate per group
Accuracy?
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Hierarchical modeling

H]lu’ T~ N(“’ Tz)
u~N(@m,v) 1~HN(0%

Estimates per group
Borrowing information

Exchangeability assumption?
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Context EXNEX Application Discussion

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

Robust mixture extension
of the standard hierarchical approach

EX: Exchangeability across similar strata
+

NEX: Non-exchangeability for extreme strata

I

EXNEX
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EXNEX approach
Mixture of hierarchical and stratified modeling method

EXCHANGEABLE (EX) | NON-EXCHANGEABLE (NEX)

0w, T~ N(u,t4) 0, ~ N(m;, v;)
D

T~ HN(O"Z)

With probability w; With probability 1 - w,
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Bayesian inference:

Prior x Likelihood = |Posterior @

Y =
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Context EXNEX Application Discussion

Bayesian inference:

Prior x Likelihood = |Posterior @

/

Markov chain Monte Carlo (MCMC) algorithms

|

Rjags (Gibbs sampler)
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Context EXNEX Application Discussion

0jluj Ty b~ N (1, ;%)

lJNCClt(W])

// \0 For each MCMC iteration:
{ﬂj =u et T;,=1

,Ll] =’mj etTj = /U]

ComponentEX

Y. n: — Relation stochastigue
' ' 5 Relation déterministe

Component NEX
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Context EXNEX Application Discussion

0jluj Ty b~ N (1, ;%)

lJNCClt(W])

For each MCMC iteration:
"u] == ‘u(l) et Tj — T(l)
. ‘u] — ‘u(z) et Tj —_ T(z)

K=y et T =Y

ComponentEX

Y. n: — Relation stochastigue

Component NEX . . 5 Relation déterministe
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For each MCMC iteration

N

EXCHANGEABLE NON-EXCHANGEABLE

* Follows one of the * Follows its own NEX
common EX distribution(s) distribution
* Shares information with * No sharing of
the other exchangeable information with the
subgroups of this iteration other subgroups
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Application: phase Il POC w

Context EXNEX Application Discussion

= Phase Il POC study (binary endpoint) with 4 subgroups:

= Success criteria for each strata:
>20% & P(r>10%) = 81% or 91%

= Comparison of hierarchical, stratified and EXNEX
modeling methods
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Context EXNEX Application Discussion

) EXNEX model:
w; = p; = (0.25,0.25,0.50)

(~Q+) (<) EX component:

) (. O D ~ N(im = logit(0.1), v = 10.1)
T~ HN(0? = 1?)

1w ~ N@m = logit(0.3),v = 3.8)
1@~ HN(0? = 1?)

= Relation déterministe

ComponentEX Y, n, —> Relation stochastique 8] ~ N(m] — lagit(o'z)’ U] — 6'3)
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Context EXNEX Application Discussion
) * Hierarchical model:
( } " - u~N(m=logit(0.2),v = 5.3)
m ) v < a >
T 7~ HN(0? = 1%)
@)c 1C i}
= Stratified model:
it T
0; ~ N(m; = logit(0.2),v; = 6.3)
™\
Component EX Y; m; —= Relation stochastique
Component NEX 5 Relation déterministe
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= ) scenarii:
Homogeneous

6/20 e "
= 30% oo o

Nugget scenario

4/10 3/10
=407 = 30%

= e
Evaluation of the exchangeability non-exchangeability methodology - Audrey Puaud - 11/20/2018 a S SRR,

17




08 mvo Homogeneous situation
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30% 35% 40% 30%

0.5

Estimated response rate (%)

Strata

Modelisation method : | Hierarchical [l EXNEX | Stratified
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Homogeneous situation

Context EXNEX Application
True
response rate
Posterior distributions
Strata 1 2 3 q
EX component
m! logit(0.20)
7k 0.27 0.28 0.27 0.27
% logit(0.32)
Wi’ 0.38 0.38 0.37 0.36
NEX component
Y
J logit(0.23) |logit(0.24)|logit(0.25)|logit(0.22)
w;° 0.35 0.34 0.37 0.37

Evaluation of the exchangeability non-exchangeability methodology -

Audrey Puaud

Priors:

it =logit(0.1)

i = logit(0.3)

;= logit(0.2) |
1?-). =(0.25,0.25,0.50) !

Discussion

' ml = logit(0.1) ;
' M2 = logit(0.3) i
. m; = logit(0.2) 5
', = (0.25,0.25, 0.50) !
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65% 35% 40% 30%

0.7

Estimated response rate (%)

Strata

Modelisation method : | Hierarchical Il EXNEX | Stratified
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Context EXNEX Application Discussion

65%

True
response rate

Posterior distributions

Strata 1 2 3 4 s !
g Priors. !

EX component = logit(0.1) i

m! logit(0.24) : = logit(0.3)

7k 0.22 0.26 0.26 0.25 M, = logit(0.2) 5

% logit(0.38) : W (0.25, 0.25, 0.50) !

I//V\]-z 0.31 0.34 0.35 033 P P

NEX component

~
J llogit(0.39)|logit(0.25)|logit(0.26)|logit(0.23)
w;° 0.47 0.40 0.38 0.42
* = ensal 2 S
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> 1 distribution(s) of

exchangeability

Hierarchical

0 Precision
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Summary

NEX COMPONENT

1 distribution of non-
exchangeability per strata

Updated mixture weights
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mvo Simulations
Context EXNEX Application Discussion

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
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Shiny

by RStudio
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Kvo Discussion

Success

Real
application

criteria

Adaptative
designs

Interim
analyses
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-]

attention!

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

100
|

80

Puissance

40

20

| T T T T |
0.0 0.1 0.2 0.3 04 0.5

Taux réel de répanse

Nombre de patients et critéres de succes :

n=10(0.2&81%)—— n=20(0.2&81%) n=30 (0.2 & 81 %)
n=10(02&91 %)-=- n=20(0.2&91 %) n=30 (0.2 & 91 %)
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= Success criteria for each strata:
T>20% & P(r>10%) = 80% or 90%

4

& Borderline cases in stratified analyses

o e
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0, = 10g(1 ijn_) 6; ~ N(m;, v;) u~ N(m,v)
] T~ HN(1?)
1 1
v; =V(6;) =7E + -5

One observation

v=V()) —\E(rz)} =V(6;) +E(™*-V(1)
Y Y

Between Within
variance variance
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= Prior specifications: weakly informative setting (2)

T

0; = 10g(1 —) 6; ~ N(m;, v)) i~ N(m,v)
] T~ HN(12)
1

7

L

One observation

v=V(0;)—E(*) =V(6;)+E(®?*-V(1)
=634+0—-14=5.3
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= Gibbs sampling

Iterative algorithm:

1. Initialization of the p parameters: 8° = (Hf, - 98)
2. Updating (tt iteration):

0f =my(. 1057, ..., 0571)
05 = m,(.161,0571,...,6571)

05 =my,(.16,...,65_1)

=
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= Case studies: homogeneous scenario

True
response rate

Posterior distributions (median)

Strata 1 2 3 4
EX component
ml logit(0.28)
% logit(0.32)
NEX component
i

J - l|logit(0.26)|logit(0.29)|logit(0.31)|logit(0.25)

— ’i,l’,", Ecole nationale
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= Case studies: heterogeneous scenario

True
response rate

65%

Posterior distributions (median)

Strata 1 2 3 4
EX component
ml! logit(0.33)
% logit(0.39)

NEX component

J logit(0.56)|logit(0.30)|logit(0.32)|logit(0.25)
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