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Challenges and Opportunity

e Challenges
— Fewer patients, fewer data, less information
— Goal is to maximize information gained and impact,
given data limitations
e Opportunities

— Regulatory and statistical standards may be less
stringent

— Greater ability/willingness to use ancillary information
(e.g., prior information, non-concurrent controls,
natural history data)



Areas to Discuss

Goals
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Impact/Regulatory Strategy
Cautions
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Goals

e The size of the treatment effect sought must be
reasonable given feasible sample size

e Degree of statistical certainty sought should
consider the “patient horizon”

— |If a substantial fraction of all patients with disease are in

the trial, treating patients well within the trial is an
important goal

— The sooner you can draw a conclusion, the sooner

patient care can be improved or the research priorities
can be revised

e Balance when you can get an answer versus
getting a perfect answer



Population

e Common dilemma

— Enrolling as many patients as possible, even though they
will be heterogeneous; versus

— Enrolling a more homogeneous population, to hopefully
increase the signal-to-noise ratio
e |f both approaches are feasible, more data are
almost always better

— Heterogeneity of population has to be anticipated and
managed clinically and statistically

— Treatment must be plausibly effecting across
heterogeneous patient population



Randomization/Interventions

e Randomization

— Randomization is almost always worth it, as non-
randomized and single-armed trials are very difficult to
interpret

— Consider within subject randomization, e.g., N-of-1 trials

e |deally, interventions should have great benefit to
reduce the required sample size (always true?)

e Ways to increase potential treatment effect
— Start with high doses, if acceptable risk/benefit ratio

— Titrated/tailored dosing strategies (e.g., within patient
titration)



Selection of Qutcomes

e \Want to maximize the signal-to-noise ratio
e Strategies to consider

— Outcomes that are “proximate” to treatment, e.g.,
shorter term neurological outcomes

— Most informative (avoid dichotomization, “ceiling” and
“floor” effects)

— Disease specific versus general measures

— May be better acceptance of “mechanistic” outcomes
versus clinical outcomes in the rare disease setting

e Test outcomes in order of decreasing likelihood of
success (“gatekeeping” strategy)
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One Sentence Summary: A Bayesian repeated measures model based on quan-
titative muscle strength data from a prospective Natural History Study was
developed to determine disease progression and design clinical trials for GNE
myopathy, a rare and slowly progressive muscle disease.

GNE myopathy is a rare muscle disease characterized by slowly progressive
weakness and atrophy of skeletal muscles. To address the significant challenges
of defining the natural history and designing clinical trials for GNE myopathy,
we developed a Bayesian latent variable repeated measures model to determine
disease progression. The model is based on longitudinal quantitative muscle
strength data collected as part of a prospective Natural History Study. The GNE
Myopathy Progression Model provides an understanding of disease progression
that would have otherwise required a natural history of unfeasible duration.
“Disease age,” the model-generated measure of disease progression, highly cor-
relates with a variety of clinical, functional and patient-reported outcomes. With
the incorporation of a treatment effect parameter to the GNE Disease Progres-
sion Model, we describe a novel GNE Myopathy Disease Modification Analysis
that significantly increases power and reduces the number of subjects required
to test the effectiveness of novel therapies when compared to more traditional
analysis methods. The GNE Myopathy Disease Progression Model and Dis-
ease Modification Analysis can be applied to muscle diseases with prospectively

collected muscle strength data, and a variety of rare and slowly progressive
diseases.

KEYWORDS
Bayesian, clinical trial, disease progression model, GNE myopathy, muscle disease

cine

11



Musdie Stength

Musce Strength

Max Strongth

Proporton

Mas Strength

Proportion

(A)

-

10

Ankle Dorsiflexion

leng!

Muscke §

a
=R
:

!
o

(G)

“w
o

30

22

C
Creoncéogicol Age

Ankie Dorsiflexion

Dxmmann AQs

Grip

Crsoane Ago

Muscia Srength

Max

Progortios

Max Stengtr

Proporthor

Tengih

St

10

Knee Flexion

(B)

&

Chroncloges Age

(E) shoulder Abduction

o a0 30 a0
Chronologios A

(H)

Knee Flexion

i 10 20 a0 ar

Dsense Age

(K) Shoulder Abduction

Disoase Ago

engih

Musche 5t

Muscio Strength

 Max Strongth

ol

Prop

=

-]

0l

(C)

I

|

Knee Extension

% -

L
40 50

Chrenatogical Age

Elbow Flexion

U

" o

40 =

Chronological Age

Knee Extension

T
o0

LA

(L)

Daoase ADn

Elbow Flexion

Dsoase Age

&«

12



1.0

08

0.6

04

Proportion Max Strength

02
|

0.0

LT

Knee Flexion
Ankle Dorsiflexion
Knee Extension
Grip

Shoulder Abduction
Elbow Flexion

Disease Age

13



Analysis Strategies

e Use of prior information
— Historical controls

— Natural history studies (e.g., with objective performance
criteria

— Prior probabilities

e Never dichotomize

e Measure baseline characteristics whenever
possible

— Adjusted analyses will generally have greater power

— Generally avoid “change from baseline” analysis
strategies
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Impact/Regulatory Strategy

e Consider what level of evidence would be
necessary to alter clinical practice

e |f goal is to potentially affect regulatory approval
(including labeling) then involve FDA early

e Consider involvement of patient advocacy groups
from beginning of trial planning, though execution
and dissemination of results
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Cautionary Comments

e Enthusiasm is not the same as data
e Rigor is as important as always

— Pre-specification vs post hoc or explanatory analyses
e Ethical standards

— Desperate patients are inherently vulnerable
— Involvement of patient groups is important
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