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} Decision-making framework for choosing a multiplicity strategy is
about what we want on the label
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When multiple claims, endpoints, or subgroups are targeted for product labelling, we
want the most robust package of evidence for regulators

Often this will mean family-wise error rate (FWER) control for primary and key secondary
hypotheses

- we need a method to strongly control FWER at e.g. 5%

One way we can do this (not recommended):
Bonferroni (using alpha-splitting)

1.25% 1.25% 1.25% 1.25%
H, H, H, H,

p =0.002 p=0.079 p=0.011 p =0.045
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} Historical default: fixed sequence

A better way of controlling FWER by
is by alpha-recycling using a fixed
sequence test (hierarchy)
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} Risk of fixed sequence

But this imposes risk

In reality, we do not know which
hypotheses will get the lowest p-values!
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} Graphical tests — Bretz et al. (2009)

Why use graphical tests?
* Strongly control FWER

* Combines the best of Bonferroni and Hierarchical
testing:
* Alpha-splitting (test in any order)
* Alpha-recycling (use all alpha)

* Established method accepted by regulators

* Can tailor multiplicity adjustment procedures
to the importance of hypotheses

CSK



} Optimal graphical testing procedures
How to find “optimal” design parameters for a graphical test

The optimal parameters for a graphical test can be found by maximizing a utility function

over the search space of possible design parameters for our graph (hypothesis weights w,
and transition matrix G)

maxin&ize Objective function
WJ

subject to  Graph regularity conditions

Conditional on: Expected distribution of test statistics

Parameter 1 Parameter 2



} Optimisation workflow

Demonstrating patient benefit

Regulatory approval likelihood 52

Commercial viability and market access

1
i
i
i © Relative value of each rejected
i hypothesis on product label
|

‘Estimate of joint ‘ |
distribution of '
test statistics:

Z ~ MVN

CSK



} Defining a multiple-endpoint definition of trial success
Utility as a function of null hypothesis rejections

Graphical tests map M p-values to {0, 1} @ @ @ ° oo @

We can denote this as: D1 b2 P3 Pm
s =
where r is the rejection vector: & O
1= 1 when Hi IS rejeCted, @ @ @ e o o @
* 1; = 0 otherwise
T]_:l 7"2:0 7"321 TM=1



} Defining a utility function for trial success

We define a rejection utility function:

Y:{0,1}" - R*

which assigns a value (or “reward”) to a given rejection pattern. Commonly used functions
are:

B 1, ianRmOR---OR'erl,
Plr) = 0, otherwise

(disjunctive power)
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} Defining a utility function for trial success

We define a rejection utility function:

Y:{0,1}" - R*

which assigns a value (or “reward”) to a given rejection pattern. Commonly used functions
are:

(proportion of rejections: also called average power)
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} Utility function for trial success

By using a combination of the above operations conjunctive, disjunctive or additive

operators, we can construct composite functions for Y (r) that accurately describe our

criteria for trial success.

These criteria should be based on:

* Regulatory, clinical or commercial criteria for trial success

* Clinical and market relevance, where greater weight is assigned to rejection of
hypotheses that offer broader clinical adoption or reimbursement potential

Trial success utility function =

2 z-MyN [P ()]
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} Trial success function with a clear “win criterion”
LIBERTY QUEST trial: Dupilumab to treat uncontrolled asthma — Castro et al. (2018)

A three-arm parallel confirmatory clinical trial to compare a high and low dose of dupilumab
In patients with asthma versus placebo

- Regulatory success defined as: High Dose Low Dose H,: High dose Rate exacs.
« Meeting BOTH incidence rate of H,: High dose FEV1
exacerbations endpoint AND H, H, H, H, H,: Low dose Rate exacs.

FEV1 for at least one dose H,: Low dose FEV1

A sensible rejection utility might be: l/)(r) — H{(Tl AND 7”2) OI:T{ (7‘3 AND 7‘4)}

Disjunctive OR operator Conjunctive AND condition for
for “at least one dose” condition regulatory requirements
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} Optimal graph has the following structure:

931 *  Alpha split between doses
Hi \&«— T
ey ———— /
*  Secondary hypothesis can
only be tested after primary

is rejected for the same
dose

g12

*  Magnitude of weights
depend on the test statistic
distribution (treatment
effects and correlations
between endpoints)
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} Most trials have "nice-to-haves” beyond the regulatory hurdle

* Most trials also test key Value realised =—
secondary endpoints that
Label Claim A Label Claim X

support additional label
claims that have - " on o

commercial value. Baseline: regulatory approval\ Label Claim B |
|

Value conditional on meeting
regulatory approval

* Trial success function l/)(r) :\Hreg(r), . (Ubase
Y | ' |

should encode the vlrl} \UZ )

)

.. \
conditional value | Y

structure: Zero unless regulatory hurdle cleared Value of Value of Value of

approval label claim 1 label claim 2

alone

* To find Vys6e, V1, Uy, ..., We need elicitation

—

-
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Individual stakeholders (ideally at least one representing each of clinical, commercial, and
il regulatory perspectives) score each secondary endpoints (without conferring). This should be

mimt - based on their expert opinion.

W Scores collated, and median / range of scores are shared in a group. Proceed to facilitated
/‘/ discussion of discrepancies and factors.

After discussion: final opportunity to rescore - Trial success definition finalised

VAN Multigrain optimises the multiplicity strategy using the shared consensus definition of trial success.

18 30 June 2026 - ==



p- Case Study: ECZTRA trial - Silverberg et al. (2021)

Tralokinumab corticosteroid combo vs placebo control to treat atopic dermatitis

o 2

IGA0/1 & EASI75 Pruritus DLQI SCORAD

* The trial objective requires the co-primary endpoints (H,, H,) to be met for the three
pivotal secondary endpoints (Hs, H,, H:) to add value.

* = The trial success utility has the following structure:

Y(r) =11 15 - (Vpage + V33 + Uy + Vs""s})

/ |
|
Conditional on meeting Relative value added from each

cozprimary endpoints G2 ] 8RS E 050 R— GSK




} The elicitation process: stakeholder scoring

Ve . Baseline approval revenue ~$200M/year.
Itch is what patients ask Secondaries add ~$160M: mostly from the
about first. If the pruritus pruritus claim ($100M), because it's what
claim =100, quality of life gjfferentiates us with payers.
feels like 60, SCORAD is s e

..maybe 15
Aggregate results (anonymised)

Hypothesis /
Endpoint H3 H4 H5
FEEMITE 100% 53% 16%
Value

E Individual rating: EE Individual rating: . (Range) (100 - 100) (45 - 60) (15 - 20)
. 100 60 15 {100 45 20 | GSK




} From scores to utility function for trial success

What the panel said.
Secondary . i Score ° Co-primary success alone = $200M
Endpoint revenue
Pruritus (H3) 100 « Co-primary success + all three
DLQI (H.,) 53 secondaries = $360M
SCORAD (Hs) 16 Allocate the $160M of additional value in

proportion to elicitation scores:

-

Utility function for trial success:
Y(r)=ry-1r,- (200 + 9513 + 501, + 157%)
l /. J

|

Value approval Value conditional on meeting
alone > $200M regulatory approval - total = $160M =
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} From stakeholder scores to trial success utility function

Test statistic distribution assumptions: Optimised graph and performance:
Hypothesis Endpoint Nominal power 1 - 3; Expected
H, IGA 0/1 0.90 Procedure utlllty*
H; EASI-75 0.90
H Pruritus 0.80 . .
Hy bLQI 0.70 Optimised graph (left) 0.774

H; SCORAD 0.85 l

( 1 080505 0.8\ Value-ordered sequence 0.767
08 1 050508 (Co-primary —» H; — H, — Hs) '

»=|05051 0505

050505 1 05
\0.8 080505 1 /

Power-ordered sequence

(Co-primary — Hs — Hs — H,) 0.769

Co-primary — Holm{H;, H,, Hs} 0.770

*scaled such that the range is [0,1]

-
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} Lessons from practice at GSK

D

./

1. Separate “value”
from likelihood of
rejection

3. Endpoint value is not
always additive —
Interactions are possible

2. Elicitation forces
transparency

4. The process is part of
the value - the yielded
strategy is explicitly
justified

USA
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Trial success utility functions capture how trials release value: approval

when regulatory criteria are met, then additional label claims yield conditional
commercial value

Structured elicitation turns cross-functional judgements into the objective
function

multigrain R package for optimisation: open-source on GitHub:
https://github.com/GSK-Biostatistics/multigrain
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