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© Context
(a) Clinical designs
(b) Introduction to clinical trial simulations

@ A clinical study

© Classical designs

(a) Elements of biostatistics
(b) Probability of success

@ Adaptive designs
(a) Group Sequential Design
(b) Sample-size re-estimation Design
(c) Enrichment Design
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CONTEXT

DOUBLE BLIND STUDY...

Hussein Jouni - Internship presentation - Danone Nutricia Research 3 /30



Context

a) Clinical designs
Classical designs : no analysis during the study

Example : Parallel designs

Experimental Ye
Control e
Start End

Adaptive designs : decision making is allowed during the study

Experimental Ve
Control 1 Ve
Start IA* End

IA* : Interim Analysis
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Context

b) Clinical designs

Quality

Time Cost
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Context

b) Introduction to clinical trial simulations

Input
parameters

—_—

Algorithm

Treatment effect
Sample-size

Errors o, 8

Output
parameters

Efficacy boundary
Probability of early stopping

Probability of success
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Context

b) Introduction to clinical trial simulations

Input Algorithm Output
parameters parameters
Efficacy boundary
DECISION MAKING Probability of early stopping

Probability of success
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A CLINICAL STUDY

AN

Normal Distribution

Paranormal Distribution
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A clinical study

@ Primary endpoint : Average of a given value (continuous)

Experimental lbe
Control e
Start End

Treatment effect : 0 = pe — pc
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A clinical study

@ Population

» Subgroup 1:
» Subgroup 2 : Q)

@ Hypotheses on

> =17
» 0=15

N = 144 subjects
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CLASSICAL DESIGNS

“Are you taking any
foreign language classes?”

“Yes, math.”




Classical designs

a) Elements of biostatistics

Hypothesis testing for superiority

Hy:0=0 H,:0>0

Z-Statistics (Wald statistics) :

~

@ 0 : Observed effect

@ 0 : Observed standard deviation
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Classical designs

a) Elements of biostatistics

Before the study

Experimental Placebo

N

Which value for z7
Hy H,

z~N(0,1)
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Classical designs

a) Elements of biostatistics

End of the study

Experimental Placebo
(Fe., 5e) (Fc, 5e) OBSERVED

9 OBSERVED

Reject H, Reject Hy

Which value for z7
zZ < Zy Z > 2z,
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Classical designs

b) Probability of success

Values taken from a previous study on m = 50 subjects per arm :
d=1{567 s={1525 35}
Problem

GREAT UNCERTAINTY ON 6

What are the chances of demonstrating an effect ?
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Classical designs

b) Probability of success

Power vs. Probability of success -

Probability of rejecting Ho

Probability of sucess

o Power : 6 =k ]
o Probability of sucess : 6§ ~ 7 /

Bayesians considerations

Planned number of subjects per group
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ADAPTIVE DESIGNS

t work...... why?

It doesn"

GE
=

why?

It works.......

5
=




Adaptive designs

a) Group Sequential Design

A group sequential design follows the following diagram :

Experimental Ye
Control Ye
Y Y Y
Start IAL 1Ak o IAK End

IA* : Interim Analysis

@ z, : z-score at interim k
@ uy : efficacy boundary at interim k
@ /y : futility boundary at interim k
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Adaptive designs

a) Group Sequential Design

U EFFICACY ZONE

CONTINUE

A FUTILITY ZONE

Interim Analysis

| |
I I I

|
%
1 2 . k .. Final (K)
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Adaptive designs

a) Group Sequential Design

Design : k = 1, interim analysis at Ny = 72 subjects

Efficacy boundaries Effect Stopping probability
k=1 Final 0 k=1 Final

(Ny =72) | (N, = 144) (Ny =72) | (N, = 144)
2.963 1.96 7 0.163 0.637
Futility boundaries Effect Stopping probability
k=1 Final 0 k=1 Final

(NL =72) | (N2 =144) (NL =72) | (N2 =144)
0.506 1.96 7 0.07 0.13
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Adaptive designs

b) Sample-size re-estimation Design

Design that allows an increasing of the sample size based on the results of
interim analysis

. (nlazl) (n27z2) n2
Experimental | -~~~ *° | " 7 _ _ _“_ _ _

Control |\ | _ _ _ _ _ _
A\

Start A End? End?

Should we increase the sample size to n5 > np ?
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Adaptive designs

b) Sample-size re-estimation Design

Metha and Pocock method : Principle

Increase in sample size based on Conditional Power at interim
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Adaptive designs

b) Sample-size re-estimation Design

Conditional Power

Probability of rejecting null hypothesis based on the results obtained at
interim

CPo1_o (Zam_zl\/ﬁ B 21\/n2—n1>
V2 —m Vv
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Adaptive designs

b) Sample-size re-estimation Design

Increasing rules based on conditional power

(1) Non-favorable zone :|CP < CPy,,

Decision : Continue with n»

(2) Promising zone :|CPj, < CP < CPpay |

Decision : Increasing the sample-size to reach a power of CP .«

(2) Favorable zone :|CP > CPpax

Decision : Continue with ny
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Adaptive designs

b) Sample-size re-estimation Design

Effect Boundaries (associated 6)
CPfut CP/ow CPmax CPeff
0.05 0.31 0.80 0.99
(1.99) (4.02) (6.38) (8.22)
Probabilities (%)
Stop (Futility) Stop (Efficacy) Increment | No increment
7 7.8 13.3 23.2 55.6
Average re-estimated sample-size
150

o P(CP < CPpin) ~ 12.2%
0 P(CP > CPpax) ~ 43.4%
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Adaptive designs

c) Enrichment Design

Group Sequential Enrichment Design (Magnusson & Turnbull, 2013)

Qo Qp-
Selection
_— —_—
4 Enrollement in ©; and Q3
np = E nj1 ny=np2+n2>n
Jj=1

Enrichment
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Adaptive designs

c) Enrichment Design

Sub-sample Probability of selection (%)
o) 62.4
QU 375
0 0.1

Probability of rejecting at leat one subset (%) | Probability of not rejecting Ho (,uq,) (%)
0.98 0.024

Average sample-size
245

Probability of rejecting at leat one subset (by stages) (%)
=1 (k=2
76.7 20.9

Probability of not rejecting null hypothesis (by stages) (%)
(=1 (k=2)
0.1 2.3
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Conclusion

o Adaptive designs = deal with uncertainty

@ Simulations = determining charasteristics that permit decision making
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Conclusion

This works represents :

About 400 hours of understanding complex mathematical theories
About 21 hours of explanations

More than 40 statistical articles, presentations and books

An R clinical platform of 17 algorithms

2400 code lines

More than 26 unsuccessful tests

Development on continuous, binary and survival outcome
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Thank you for your attention!

« Do not worry about your difficulties in Mathematics. | can assure you
mine are still greater »

Albert Einstein
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