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Framework

Full Population F

Subgroup S

Complement S'=F\ S

@ Overall treatment effect
0 = Xos + (1 — \)ds/

where X is the prevalence of subgroup S.

@ We assume dg: < ds.

@ Allows for investigating the hypotheses Hg : ¢ < 0 and
Hs : ds < 0.
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Enrichment, classical and stratification design

Enrichment Design: Randomize only patients of subgroup S (say
Biomarker +). Patients of the complement S’ are
excluded from the trial (Biomarker — ).

Classical Design: Recruit from the full population F. No
Biomarker is determined.

Stratification Design: Include Biomarker + and Biomarker —
patients. Stratify randomization by biomarker status.

@ With the enrichment design one can test Hs, i.e., for a
treatment effect in the subpopulation.

@ With the classical design one can test Hr.
o With the stratification design one can test Hs and Hf.
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Testing problems

Parallel group comparison of the means of normal distributions.

Enrichment Design:

@ Test Hs with a z-test.
Classical Design:

o Hf with a z-test.
Stratification Design:

@ Test Hs and Hf with a closed test, based on the
Spiessens-Debois test for testing the global null
hypothesis He N Hs (Song and Chi, 2007;
Spiessens and Debois, 2010).
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Testing strategy in the stratified design

The stratified design allows for investigating Hs and HE.

Closed Testing principle

If 7 = (MHs, MHE > MHsAHE ) are local level alpha tests for
‘H = {Hs, Hr, Hs N HE}, then the closed test

s = min{nys, NHsnHe } and Yr = min{nH,, NHenH } controls the
FWER in the strong sense.

Local level « tests:

Test statistic for Hs: based on a z-test ().

Test statistic for Hg: stratified z-test (14, ).

The test ny.H, for the global null hypothesis HF N Hs will be
based on the Spiessens—Debois test.
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Testing the global null hypothesis HF N Hs.

For adjusted significance levels af, as we reject HF N Hs if

pr<afF or ps<as,

where pr, ps are the p-values of the z-tests for Hr and Hs.

Some remarks:

o For fixed ar and «, the level as is chosen such that

PhenHs (PF < aF or ps < as) = a.

@ For fixed af the level as increases with the prevalence A
because the correlation of the test statistics increases.

@ Formulas well known from group sequential tests.
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Modified testing procedure

@ A significant effect in F might be totally driven by the effect in
the subgroup.

@ To account for that we ask in addition to a significant effect in
the full population that the effect in the complement (and the
subgroup) show a positive trend.

o Let (vr,1s) denote the closed test based on the
Spiessens-Debois test.

@ We define the modified testing procedure test via

Ps = 1s
VF = F - Lpe<rst - Lipg <rg)
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Optimizing trial designs

e Traditionally power arguments can be the basis for determining
the best trial design.

@ An alternative is to apply a utility based approach (Graf et al.,
2015; Beckman et al., 2011).

e We model the sponsors/public health gain and costs of a
particular trial design.

@ Best trial design is determined by maximizing the
sponsors/public health's profit.

In particular we optimize the following aspects of a clinical trial:

e Which type of design (Enrichment Design/Classical
Design/Stratified Design) to choose?

@ Which sample size?

e Which significance levels ag and as for He and Hs in the
weighted multiple test for the stratified design are optimal?

@ Which thresholds 75, 75/ are optimal (optimized in public

health view only).
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The utility function

U(d) = Pra - ok g + (1 —Pra)dsa - ©& g — C(d).

e k € {Sponsor, Public Health}.

° z/?,;d modified Spiessens-Debois test for He (= 0 for
enrichment trials).

® ¢ 4 measure of revenue if drug is licensed in F.

° 1/757(, modified Spiessens-Debois test for Hs (= 0 for classical
trials).

° gogd measure of revenue if drug is licensed in S only.

e C(d) cost for the trial.
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The revenue measures

We assume that the revenue measures go?_-pgnsor, @gpsnsor depend on

the data via the observed effect sizes 3,:7(1 and Ss,di

S ~
rg o =N-rp-(0Fd — pr)"
S ~
Py =X-N-rs-(0sg— ps)"

where
@ N denotes the number of future patients (market size).
® g, rs are revenue parameters.
@ uf, iis denote clinically relevant thresholds.

The revenue measures for the public health view are given by

Public health _ SOIPi_uinc health _ N-re- (

)

OF — 1F)
Soguc?llc health — SOEUbIIC health —A-N- rs - (55 _ ,US)

)
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The costs of a trial

The costs of a trial are the same for the sponsor and the public
health view.

o Classical Trial
C(d) = Csetup + 2NCper-patient -

@ Stratified Trial

C(d) = Csetup 1 CBiomarker development +2n(cper—patient + Cscreening)-
@ Enrichment Trial

Cscreening )

C(d) = Csetupt CBiomarker development+2n(cper—patient+ b\
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The optimal trial design

The optimal design is defined via:
d* € argmaxyepEx [U(d)],

where

E[U(d)] = / EalU(d)]n(D),
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Results - overview

Plan:
©® How to compute the expected utilities?
@ Description of the different cases studied.
© Presentation and discussion of plots for the different cases.
@ Some conclusions from the case studies.
Recall, the design parameters are:
o All designs: sample size.

@ Stratified design: significance levels for the multiplicity
adjustment procedure.

e Stratified design for public health view: the additional
threshold for an effect in S’ that is required for approval in F

(ps' < 7s7).
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Expected utility for enrichment design

For the enrichment design @ZN);;E,, =0, so that

~ +
Us(En) = NArsts, (8sE, — ns) — C(&n).

The expected utility given effect sizes A is

E[Us(En)|A] = NArs ((1 — 0(x))(05 — 1) + ”fsb(m)) - ),

YU Y N s
R = 552 X o n7/~L5 S| -

Similarly, for the public health view

E[Upn(En)|A] = NArs(ds — ps) (1 - ¢ (Za —ds/ 2:2>> — C(E,).



Expected utility for classical design

For the classical design @ZS,C,, =0, so that

. +
Us(Cn) = Nretpec, (5F - NF) — C(cn),

The expected utility given effect sizes A is

E[Us(C)|A] = Nrr ((1 (k)0 — )+ V(8F>¢(n)) ~ (e,
V(3F) = (20% + M1 — \)(ds — d5/)%) /n,

. 2
K= V((S;:)_l/2 [max (za\/ 2:,,up> — 6F] )

Similarly, for the public health view
E[Upr(Cn)|A] = Nre(8—puir) (1 — o (za —oF V(SF)—1/2))—C(cn).
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Expected utility for stratified design

The expected utility given the effect sizes A is given by
. /a +
E[Us(Snws)|A] = NrpE [wF (9 = ur ) |A]
c N\~ /a +
+ NArSE [(1 ~ i) s (8s = us) |A] ~ Clsnes)-

It can be computed using numerical integration, as can the
corresponding expression for the public health view.
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Scenarios and cases

Each particular situation is defined as follows:
O Fix all parameters except the form of the prior, the market size
and the biomarker costs.
@ Choose a scenario defining the form of the prior.

© Choose a case defining the market size and the biomarker
costs.
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Fixed parameters for case studies

Minimum sample size required by regulator: nmi, = 50.
Sample variance for each observation: o = 1.

One-sided significance level when testing: « = 0.025.

e 6 o6 o

Minimal clinically relevant thresholds for regulatory approval:
ps = pF =0.1.

Thresholds in the multiple test for the stratified design:

7s = 15 = 0.3.

Fixed setup cost for the trial: cserup = 1 MUSD.

Marginal cost per patient included: Cper-patient = 50000 USD.
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Scenarios A, B and C

We have considered priors 75, , 5., . on a grid (s ;,ds1 ),
i=1,...,K, of effect sizes.

Scenario A A point prior with 75, 9 = 1 for 65 = 0.3.
Scenario B A prior with K = 3. ds = 0.3 and T gs = %
Sy K—19S5
j=0,...K—1.

Scenario C A point prior with 75¢ 5 = 1 for s = 0.3.
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Parameters for cases 1, 2 and 3

Reward and cost parameters in the utility function:
Case 1 Large market and negligible biomarker costs.
Nrg = Nrs = 10000 MUSD per unit of efficacy and
Cscreening = CBiomarker development = 0.

Case 2 Small market and negligible biomarker costs.
Nrg = Nrs = 1000 MUSD per unit of efficacy and

Cscreening = CBiomarker development = 0.

Case 3 Small market with biomarker and screening costs.
Nre = Nrs = 1000 MUSD per unit of efficacy.
Cscreening = 5000 USD per patient and
CBiomarker development = 10 MUSD.
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Plots for cases 1, 2 and 3

For each case, we'll look at
@ Optimal expected utility and sample size vs. A € [0.04,0.94].

@ Optimal significance levels of the multiple test for the stratified
design, and the optimal threshold 7s/ vs. A € [0.04,0.94].

© The power vs. A € [0.04,0.94].

Optimization of sample size is done for n < 2000.
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Optimal EU and Sample size (Case 1)
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Optimal sig levels for stratified design (Case 1)

Sponsor Public health
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Power for the designs (Case 1)
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Optimal EU and Sample size (Case 2)
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Optimal significance levels for stratified design (Case 2)
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Power for the designs (Case 2)
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Optimal EU and Sample size (Case 3)
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Optimal significance levels for stratified design (Case 3)

Optimal significance levels
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Power for the designs (Case 3)
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Summary of results from case studies

The optimal design depends heavily on the particular parameter
configuration. However, our case studies indicates that

e Optimal expected utilities are larger for the sponsor.
@ Optimal sample sizes are larger for the public health view.

@ Since the public health decision maker optimises utility as a
function of the true effects, it sometimes decides not to
perform a study that a (commercial) sponsor would find
attractive. Typically, this can be observed for priors
corresponding to a belief in low effect sizes.

o Either the classical or stratified design tends to be optimal for
the sponsor, while the enrichment design is sometimes optimal
for the public health view.

@ The relative size of the costs associated with the trial and the
costs associated with biomarker testing has a strong impact on
the optimality regions for the different designs.

32/33



References

Beckman, R. A., J. Clark, and C. Chen (2011). Integrating
predictive biomarkers and classifiers into oncology clinical
development programmes. Nature Reviews Drug
Discovery 10(10), 735-748.

Graf, A. C., M. Posch, and F. Koenig (2015, January). Adaptive
designs for subpopulation analysis optimizing utility functions.
Biometrical Journal 57, 76—89.

Song, Y. and G. Y. H. Chi (2007, August). A method for testing a
prespecified subgroup in clinical trials. Statistics in
Medicine 26(19), 3535-3549.

Spiessens, B. and M. Debois (2010, November). Adjusted
significance levels for subgroup analyses in clinical trials.
Contemporary Clinical Trials 31(6), 647—656.

33/33



