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New Approaches are Needed to 
Tackling Drug Development Challenges  
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Traditional Drug Development 
Approach

Reliance on limited information and 
experience based on:
• A small set of KOLs
• Small, possibly outdated, datasets
• Last paper bias

Data and Quantitative Model Based 
Drug Development Approach

A modern approach based on:
• Integrated global datasets including 

relevant populations and endpoints
• Quantitative models of disease 

progression, patient population and 
endpoint behavior



Critical Path Institute:  A Public Private Partnership

• Act as a trusted, neutral third party
• Convene scientific consortia of industry, academia, and government 

for sharing of data/expertise
 The best science
 The broadest experience
 Active consensus building
 Shared risk and costs

• Enable iterative EMA/FDA/PMDA participation in developing new 
methods to assess the safety and efficacy of medical products

• Official regulatory endorsement of novel methodologies and drug 
development tools

Patient Advocates
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Critical Path Institute Consortia

Critical Path for Alzheimer’s Disease
Focusing on needs in AD clinical trials

Coalition For Accelerating Standards and 
Therapies
Data standards

Critical Path for Parkinson’s Consortium
Enabling clinical trials in Parkinson’s Disease

Critical Path to TB Drug Regimens
Accelerating the development of TB drug regimens 
and diagnostics

Duchenne Regulatory Science Consortium
Duchenne Muscular Dystrophy

International Neonatal Consortium
Neonatal clinical trials

Polycystic Kidney Disease Outcomes Consortium
New imaging biomarker for PKD

Multiple Sclerosis Outcome Assessments 
Consortium 
Drug Effectiveness in MS

Patient-Reported Outcome Consortium
Assessing treatment benefit

Electronic Patient-Reported Outcome 
Consortium
Electronic capture of treatment benefit

Predictive Safety Testing Consortium
Drug safety

Pediatric Trials Consortium
Developing effective therapies for children

Biomarkers
Clinical outcome
assessment instruments

Clinical trial simulation tools
Data standards
In vitro tools

Transplant Therapeutics Consortium
New drug development tools for transplantation

Type 1 Diabetes Consortium
Qualifying biomarkers for type 1 diabetes

Huntington's Disease Regulatory Science 
Consortium
Expediting approval of Huntington's therapeutics

Fifteen global consortia collaborating with 1,450+ scientists and 84 
organizations



C-Path Core Competencies
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Development of Open Access Global
Consensus Data Standards
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Neuroscience Consortia Unified Databases 
Available to Qualified Researchers

7

Data Shared from 16 Trials with 14,430 patients

Data Shared from 28 Trials with 6995 patients



Critical Path for Parkinson’s Consortium –
Accelerating therapies for PD
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*CPP Scientific Advisors:   Ray Dorsey, Ken Marek, John Seibyl, Bas Bloem, Karl Kieburtz, Charles Venuto, Mark 
Gordon, David Russell, Brit Mollenhauer, Derek Hill, Glenn Stebbins, Spyros Papapetropoulos, Patrick 
Howson, Michael Schwarzchild

*

Academic 
Experts

Individual 
Advisors

Persons with 
Parkinson’s

Patient-Advocacy Organizations
• Parkinson’s Foundation
• Michael J. Fox Foundation
• Davis Phinney Foundation
• The Cure Parkinson’s Trust

UCB

Academic Institutions
• University of Oxford
• University of Cambridge
• Newcastle University
• University of Glasgow
• Radboud University

NINDS

Biogen

AbbVie Merck

Lundbeck

Denali

Takeda

Sanofi
Roche

GSK
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We can Learn from Past Clinical Trials?

Vitamin E GPI-1485 Riluzole

TCH346

CEP-1347 Paliroden Co Q10

Mitoquinone 

Pramipexole Cogane Creatine

Pioglitazone

Antioxidant Neuroimmunophilin Glutamate antagonist

Propargylamine

Anti-apoptotic Stimulates NGF Mitochondrial enhancer

Mitochondrial enhancer

Dopamine agonist Modulates GDNF & BDNF Mitochondrial modulator

PPAR γ agonist; 
anti-inflammatory

Rasagiline
MAO-B inhibitor

Glutathione
Antioxidant
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‘Pre-competitive’ Collaboration

Working together to 
solve these problems 
and create tools that 
will benefit the whole 
community.
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Many Promising New Therapies are in the Pipeline

“A better 
appreciation
of regulatory 
pathways
and requirements 
by
scientists, clinical 
Investigators, and 
the 
pharmaceutical 
industry
will likely help 
reduce the cost and 
time of Drug 
Development, and 
speed the 
approval process”

Mov Disord. 2018 33(6):920-927.



12

What Could We Do if We Had All the Data 
from Parkinson’s Studies in One Place?

Data from clinical 
trials and cohorts

Standardization
and integration

Researchers
Regulators
Industry



CPP has Gathered Data from 8100 people 
with Parkinson’s From Around the World
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Heinzel et al., JPD 7(3):423-432. 2017

OBSERVATIONAL CLINICAL TRIALS
PPMI (n=1223) PRECEPT (n=806)
CamPaIGN (n=142) ADAGIO (n=1170)
OPDC Discovery Cohort (n=877) DATATOP (n=800)
ICICLE (n=314) ELLDOPA (n=361)
Tracking Parkinson’s (n=1998) FS-! (n=200)

FS-Too (n=213)

TOTAL NUMBER OF SUBJECTS: 8104



Future Model of Parkinson’s Therapies
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As modified from Alberto Espay

Parkinson’s -
Not all one flavor

Personalized Medicine 
targeted treatments
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Up to 15% of People with Early Parkinson’s who 
Take Part in Trials May Not Have the Disease

Beth Vernaleo, Parkinson’s Disease Foundation
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See :
Beach and Adler, Importance of low 
diagnostic Accuracy for early 
Parkinson’s disease.
Mov Disord. 2018; 33(10):1551-1554



Rate of Disease Progression Varies…

Time

Worsening

Early stage

Late stage

Slow 
worsening

Fast
worsening
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Can Biomarkers and Genetics help to determine rates of decline?



Using Imaging to Predict the Future

Time

Worsening

Early stage

Late stage

Slow 
worsening

Fast
worsening
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DAT deficiency

SWEDD (Scans
without evidence
of dopamine
deficiency)



Enrichment Allows Meaningful Reduction of Trial Size
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Clin Transl Sci. 2018 Jan;11(1):63-70

Under these assumptions:
 24-month placebo-controlled parallel group trial.
 Enriched trial had only subjects with DAT deficit, 

while non-enriched trial included 15% of SWEDD.
 Drug effect of 50% reduction in the progression 

rate. 
 Power was calculated as the proportion of trials 

for which the effect of treatment on progression 
rate was beneficial with a two-tailed P-value < 
0.05.

~ 24% reduction in 
sample size by enrolling 
only subjects who are 
DAT deficient



Using Imaging as an Enrichment Biomarker in Trials 
Regulatory Endorsement by EMA and FDA

Normal brain 
scan (no 

dopamine 
deficiency)

Dopamine 
deficiency 

consistent with 
Parkinson’s
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What Impact Could This Make?
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Using biomarkers to 
recruit the right people 
to trials increases 
chances of drug 
approvals.

Amplion/BIO report, 2016
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Critical Path for Parkinson’s is 
Enabling Precision Medicine Strategies 
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Now

Selecting more appropriate subjects for clinical trials will 
reduce the numbers needed and make trials more efficient.

Before



CPP Integrated Database 
Contains Rich Genetic Information
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Total number of subjects with genetic information: ~4180 

Gene Study
CamPaIGN ICICLE Oxford Tracking-PD PPMI

APOE n = 125 n = 292 n = 732 n = 1831 n = 619
COMT n = 129 n = 293 n = 729 n = 1831 n = 915
GBA n = 114 n = 236 n = 727 n = 1831 n = 922 

LRRK
2 n = 139 n = 293 n = 725 n = 1831 n = 1184

MAPT n = 128 n = 291 n = 735 n = 1831 n = 922
SNCA n = 125 n = 293 n = 729 n = 1831 n = 923



Genetic Data Can be Used to Define PD
Endophenotypes with Distinctive Progression Rates
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Saunders-Pullman, R., et al., (2018). Progression in the 
LRRK2 -Asssociated Parkinson Disease Population. JAMA 
Neurology, 75(3), 312. On behalf of Malidi Ahamadi, Merck 

And the CPP modeling and 
simulation team 



Development of PD Drug-Disease-Trial Model
Model Informed Drug Development
• Using computerized models to simulate different ‘what if’ scenarios aimed 

at identifying the right drug, right patient at the right time
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The Future: A Trial ‘Flight Simulator’?

How many 
participants?

What type?

How long for?
What shall we 
measure?

What dose?
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“Model-based drug 
development was one of the 
goals defined in FDA’s 2004 
Critical Path Initiative report, 
and this new tool sets the stage 
for applying new technologies 
to accelerating medical product 
development,”
Janet Woodcock, FDA

This Has Been Achieved for Alzheimer’s 
Disease: Other Diseases are Waiting 

Clin Pharmacol Ther. 
2015 Mar;97(3):210-4



The Future Vision for Treating 
Nervous System Disorders
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Stephenson and Arneric,
Translational Medicine in CNS Drug Development
In press (Elsevier, Feltner and Nomikos Eds)

*COA = clinical outcome assessments



FDA Early Alzheimer’s Disease Guidance 
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February 15, 2018
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Remarkable Advances in Huntington’s Disease:
A Flagship Disease for Early Intervention
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C&EN April 2017

Modified from S. Schobel
EHDN presentation 
and Wild and Tabrizi, 2014



C-Path’s Newest Consortium 
Huntington’s Disease Regulatory Science Consortium

DATA HD Modeling
Biomarkers 
(Biofluid & 
Imaging)

Clinical Outcome 
Assessments

Regulatory 
Science Forum

Prilenia
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Progress in HD will Inform Therapeutics 
Across Neurodegenerative Diseases
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“With clinical trials for many of these approaches imminent or 
currently ongoing, the coming years are promising not only for HD 
but also for more prevalent neurodegenerative disorders, such as 
Alzheimer and Parkinson disease, in which many of these pathways 
have been similarly implicated.”

Nat Rev Drug Discovery 



Call to Action!

• Collaboration around the world and data is urgently needed to speed the 
path to effective treatments and embrace personalized medicine for 
Neurodegenerative disease
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CPP Turns Attention to Digital Technologies 
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Replace 
Poor 
Endpoints

Reduce Patient 
Burden and 
Cost

Increase 
measurement 
accuracy 

Validate to 
regulatory 
standards

IMI DIAMOND

Digit Biomark 2017;1:6–13
Jesse Cedarbaum, CPP Industry Co-director
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