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Introduction
e0

Problem Definition

Targeted Therapies in Oncology
@ Tumours are heterogeneous = Only some patients may benefit
@ Recruit patients with a certain type of cancer

e Might draw wrong conclusion or even miss an effective agent!
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o Compare treatment effect in subgroups and adapt recruitment
and efficacy claim

o’

@ Seamless phase IIb/III clinical trial design
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[lustration: KRAS Biomarker

@ Metastatic colorectal cancer
@ Monoclonal antibody directed at EGFR
@ Subgroups KRAS mutant & wild-type [Amado et al., 2008]
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Figure: Outcome for KRAS mutant tumour patients - Amado et al (2008) JCO, 26

Thomas Hamborg ISCB 2009

)



Introduction
oe

[lustration: KRAS Biomarker

@ Metastatic colorectal cancer
@ Monoclonal antibody directed at EGFR
@ Subgroups KRAS mutant & wild-type [Amado et al., 2008]

100 .

Treatmentgroup Events N % Median (weeks|
% —Panit.+BSC 115 124 &3 12.3

BSCalone 14 119 96 73

80

HR - 0.45

95% CI: 0,34 10 0.69)
50 x 0 0.59)

Stratified log-rank P <0001

Proportion Event Free (%)
8

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

Time (weeks)

Figure: Outcome for KRAS wild-type tumour patients - Amado et al (2008) JCO, 26
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Adaptive Design Framework
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General Design Framework

Efficient score Z = %%.): cumulative measure of advantage of

experimental treatment E over control C
2
(Observed) Fisher’s information V = — 381“;(20 ). amount of

information on treatment difference contained in Z
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Adaptive Design Framework
@0000

General Design Framework

Efficient score Z = %%.): cumulative measure of advantage of

experimental treatment E over control C
2
(Observed) Fisher’s information V = — 381“;(20 ). amount of

information on treatment difference contained in Z

@ 0 - Measure of treatment difference

@ Under Hy: \% ~N(0,1) (Score test)

@ Here:

e +ve patients: Z i, -ve patients: Z_ , all patients: Zp |
o Final analysis Zg
e V correspondingly
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Design Illustration
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Design Illustration

Cochran’s Q test

In;erim Q = (él - é)zwi
CP 2.

select +ve I
nojsel.
) In terms of Z and V:

V1

ve 0- ZiaVo1—Z 1Vyg
\/(V+,1 +Vo1)ViaVo

+ve

- ve +ve

¢ Pr(Z>=c*& sel. +ve)

Pr(Z>=c & no sel.)

Subgroup selection if: O ~ N(0,1) > k

<
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Interim Analysis in Detail

Futility Stopping Criterion

@ Cond. power (CP) approach

@ CP stopping unlikely if early in study
= stop if:

CPoR(V) S ] — ﬁcp continue +ve

or Z,"] S 0, i€E {+,B}

for respective interim decision

no

selection

futility stop
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Interim Analysis in Detail

Futility Stopping Criterion

@ Cond. power (CP) approach

@ CP stopping unlikely if early in study
= stop if:

CPoR(V) S ] — ﬁcp continue +ve

or Z,"] S 0, i€E {+,B}

. . . . . no
for respective interim decision

y selection

Upper Selection Limit Criterion o

futility stop

\4

@ Undesireable to select if drug has

certain effect in -ve patients
@ Do not select +ve patients if:

9_,] ZT@R, 0<7‘§)\
Natural choice 7 = 1

4
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Power Requirements

Power Requirement [

@ Study-wise type-I error rate
@ Pr(Zs>c|0r=0_-=0)=a

""""" Vi
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Pr(Z>=c) = type-I error rate
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Power Requirement [
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Power Requirement [

@ Study-wise type-I error rate
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) Vi

Power Requirement IT @rim

@ Pr(Zs > cnNnosel. |04 =0_ =6g) =

1 — B = Powers
@ 6 reference improvement

y

Power Requirement I11

@ Pr(Zs > cn sel+ve | 04 = \Or,0— =0)

1 — B+ = Powery

@ )\ > | = demand larger effect for selection

select +ve
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Calculation of Design Variables

Score function properties:
© Approximately Z ~ N(0V, V)

© Independent increment structure

Numerical root finding procedure

For each Power Requirement:

Pr(Zs > ¢) = Z//{l = (I)(C - (Z\)/;Sej_i(“//sl— an))}f(ZJr)f(z,)deLde,
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Design Framework for Survival Outcome

Superiority Trial
@ Outcome: time to unfavourable event
@ Sg(1), Sc(t) survival probabilities
@ Hy:0=0vsH;:0>0

Thomas Hamborg ISCB 2009



Surv S
[ Jelelele}

Design Framework for Survival Outcome

Superiority Trial

@ Outcome: time to unfavourable event
@ Sg(1), Sc(t) survival probabilities
@ Hy:0=0vsH;:0>0

Proportional Hazard Model

@ Assumption: hg(t) = hc(t),t >0
@ Parameterisation: § = —log (hg(t)/hc(1))
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Design Framework for Survival Outcome

Superiority Trial
@ Outcome: time to unfavourable event
@ Sg(1), Sc(t) survival probabilities
@ Hy:0=0vsH;:0>0

Proportional Hazard Model

@ Assumption: hg(t) = hc(t),t >0
@ Parameterisation: § = —log (hg(t)/hc(1))

Exponential assumption

@ Survival times EXP(+y;) distributed
@ Loss to follow-up EXP(7) distributed
o Analysis: log-rank test: Z2/V or Z/v/V ~ N(0, 1)
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Design Framework for Survival Outcome I1

Design specification

@ Specity trial in terms of time units (weeks) and no. patients
@ Conduct trial in terms of V

@ Recruit +ve and -ve patients according to population proportion

At the design stage calculate:
@ Expected no. of events e

e V =~ e/4 (1:1 allocation ratio)
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Example KRAS study

Pre-specified values:
@ Powerreq.: « =0.025,1 — 65 =09,1 -3, =09

@ Study duration: recruit 75 weeks, follow up 50 weeks, interim at
week 50

@ Treat. effect: Sc(f9) = 0.10, Sg(79) = 0.20, 1o = 20, A = 2.6

Search procedure results:

SF() a n ot k c | ie Vi Vs

0407 49 368 243 1988 2233 ‘ 20.05 18.73  58.250

Table: Calculation of design variables for KRAS biomarker study
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Example: KRAS study

9 100
% 100

Proportion Event Free (%)

30 40 50 60 70 80
Proportion Event Free (%)
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N T o & 8 12 o1 2 2 m % % @
Time (weeks) Time (weeks)
Figure: Interim outcome for mutant type Figure: Interim outcome for wild type

@ 252 patients recruited at interim: Q = 2.958 = select wild-type
@ Recruit remaining patients:
Zs=Zy1+2>=389, Vs=Vi 4+ V,=47947
@ p-value 0.000237 = Panitumumab significantly better for wild-type patients
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Simulation study

+ve adaptive design
SF(t)  Sgp(to) Sc(to) n | selection  EPo EPp EP,
0.25 0.25 0.25 358 3.13% 0.049 0.043 0.006

0.40 0.40 0.25 358 3.5% 0.9329  0.8989  0.034
0.671 0.25 0.25 358 | 87.68% 09886 0.1119 0.8767

Table: Simulation results for the adaptive method. EP denotes the estimated power
based on 20,000 simulated trials.

2 parallel trials
St() S;(w) | EPo EPy  EP,  EP_
0.25 0.25 0.048 0.001 0.025 0.023

0.40 0.40 0.839 0360 0.600  0.599
0.671 0.25 0999 0.025 0.999 0.025

Table: Simulation results for 2 separate trials for +ve and -ve patients.
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Discussion
@00

Summary

o
2]
o
o

Thomas Hamborg

Developed a method that allows to draw inference for all patients
in the trial or a subgroup

Flexible approach that is useful if uncertainty exists about target
population in late stage trial

Greater power than fixed sample trial designs in appropriate
scenario and allows to draw more accurate conclusion

Problems:

o Inefficient for survival endpoint setting where median survival
rate is large
o Point estimates (biased) and CIs
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Other Survival designs

Weibull distribution

Modelling:
Survival Weib(y, 7), Loss to follow-up Weib(v, T)
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Other Survival designs

Weibull distribution

Modelling:
Survival Weib(y, 7), Loss to follow-up Weib(v, T)

| A

Discrete approximation

Anticipate S¢(t;),i=1,...,G+ F
Sg(t;) found from 6 and proportional hazards

Non uniform recruitment rate
Optimal recruitment pattern is u-shaped
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