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Dominantly Inherited Alzheimer’s
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• Rare genetic form of 
Alzheimer’s (<1% of total 
Alzheimer’s population) 

• Early age of onset: 30-50
• Goal: Does the treatment 

slow cognitive progression?



GNE Myopathy
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• Rare genetic muscle disease
• Slowly progressive muscle 

weakness and atrophy 
effecting different muscle 
groups at different stages of 
the disease

• Goal: Does the treatment slow 
decline of muscle strength?



Fibrodysplasia Ossificans Progressiva
(FOP)
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• Rare genetic connective tissue 
disease causing fibrous tissue 
to be ossified spontaneously 
or when damaged.   

• Median age at diagnosis is 5 
years

• Goal: Does the treatment 
reduce the amount of bone 
growth?



Complexity in Rare Disease
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• Heterogeneity in progression
• Large variability in key clinical endpoints
• Different endpoints are affected at different 

stages of the disease
• Common Solutions: 
• Enroll a more homogenous subset
• Enroll a large enough sample size to 

overcome heterogeneity 
• Both not ideal in a rare disease setting!



Solutions for Rare Disease
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• Natural History Studies -- Know what you are working with!
• Innovative Designs

• More powerful analysis methods
• Adaptive designs with frequent interims
• Use all available data

GNE Myopathy

• Natural History Study -> 
Disease Progression 
Model

• Joint Disease 
Modification Analysis 
incorporating all muscle 
groups

DIAN 

• Natural History Study -> 
Disease Progression 
Model

• Adaptive Platform Trial 
with freq. interims and 
shared Controls 

• Disease Modification 
Analysis

FOP 

• Natural History Study -> 
Disease Progression 
Model

• Adaptive Single Arm 
Trial Compared to NHS 
with freq. interims

• Innovative Bayesian 
Compound Poisson 
Analysis



NATURAL HISTORY STUDIES
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Natural History Studies

• Understand behavior of candidate primary 
endpoints 

• Create Realistic Evidence-Based Virtual Patient 
Simulator

• Understand Power / Operating Characteristics 
of Proposed Design
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GNE Natural History Data

• Sample Size: 38 Patients
• Visits: Every 3-6 months  
– Number of months from baseline per patient 

ranges from 0-32
• Measurements taken on possible primary 

endpoints:
• Six minute walk
• Quantitative Muscle Assessment (QMA) for 

multiple muscle groups
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Possible Primary Endpoints: 
6 Min. Walk
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Possible Primary Endpoints: 
Upper Extremity Composite Subset*
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Natural History Studies

• Understand behavior of candidate primary 
endpoints 

• Create Realistic Evidence-Based Virtual Patient 
Simulator

• Understand Power / Operating Characteristics 
of Proposed Design
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Virtual Patient Simulations

14

• Trial 
Design

• Time & N
• Analysis 

Method
• Borrowed 

Arms

• Power
• Futility
• Mean N
• Mean 

Time

Virtual Patient 
Simulator

Natural History 
Study
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DIAN Observational Data
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DIAN Disease Progression

• Expected progression as a function of EYO
– Monotonically decreasing spline with knots at each 

integer value for EYO between -15 and +15
– Subject-level random effect for the adjustment in the 

estimated age of onset (EYOij)
– Subject-level random effect for the cognitive score at 

the healthy stage EYO < -15

16
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DIAN Disease Progression
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• Expected progression as a function of EYO
– Monotonically decreasing spline with knots at each 

integer value for EYO between -15 and +15
– Subject-level random effect for the adjustment in the 

estimated age of onset (EYOij)
– Subject-level random effect for the cognitive score at 
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DIAN Disease Progression

18

!"# = %" + ' (!)"# + *"|, + -"#

' . = /
0 . ≤ −15

1 + . − . , 5 + . − . , 5 67 −15 < . ≤ 15
,79 . > 15

• Expected progression as a function of EYO
– Monotonically decreasing spline with knots at each 

integer value for EYO between -15 and +15
– Subject-level random effect for the adjustment in the 

estimated age of onset (EYOij)
– Subject-level random effect for the cognitive score at 

the healthy stage EYO < -15
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DIAN Disease Progression

19
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Natural History Studies

• Understand behavior of candidate primary 
endpoints 

• Create Realistic Evidence-Based Virtual Patient 
Simulator

• Understand Power / Operating Characteristics 
of Proposed Design

Biopharm. Workshop 2018 29



DIAN Initial Proposed Design
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Proposed Design:
• 80 subjects per arm randomized 3:1 

(Treatment: Control)
• Max length of follow-up: 4 years
• Primary Analysis Method: MMRM
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DESIGN INNOVATIONS
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Common Primary Analysis: MMRM
• MMRM Issues : 
– Dilution of effect due to subjects not expected to 

progress (very early or very late disease)
– Test effect at a single time point
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Disease Progression Modification 
Analysis

• DPMA: Assume proportional treatment effect 
at each EYO
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Disease Progression Modification 

Analysis

• DPMA: Assume proportional treatment effect 
at each EYO
– Adjusts for expected decline given EYO

– Uses all timepoints

• Incorporate differential follow-up: Due to missing data; 

early interim analyses, extended follow-up

• Extended follow-up = Greater Power
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DPMA vs. MMRM
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Drug B: TRT N=60

Drug B: PBO N=20

Drug A: TRT N=60

Drug A: PBO N=20

DIAN Adaptive Platform Trial
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2012 2014 2016 2018 2020 2022

Platform 
Trial w/ 
Multiple 
Drugs & 
Shared PBO

Adaptive Design w/ 
Frequent Interim Analyses 
for early success or futility
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Borrowed Controls
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Frequent Interim Analyses
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Summary

• Natural History Studies + Clinical Trial 
Simulation = More Informed Trial Design!
– Original DIAN Power = < 20%

• Need for better analysis methods that use all 
available data and adjust for expected 
progression
– Innovative DPMA + Shared PBO leads to increase 

in DIAN power from <20% to > 80%!
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