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Risk of R&D Drug Development

Reference: Tufts Center for the Study of  Drug Development

$1.2-3	billion,		including	the	cost	of	failures



The Reasons We Claim to Fail in CNS

“The brain is too complex”
“We have no or poor targets”

“The population is heterogeneous”
“We have poor outcome measures”

“Low probability of success”
“Limited budgets”

What we say….



The Reasons We Claim to Fail in CNS

We need a mechanistic understanding of disease that 
embraces complex pathways

We need to phenotype populations deeply and longitudinally 

We need to quantify traits and outcomes to measure impact

What I hear…



Medicine today is built on hundreds of 
years of individual observations… 
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Our approach has been LINEAR & LUCKY….



From Reductionist to Systems Modeling
Systematic Collection and Integration of Multi-modal Data



What If?
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Star	Date:		September	2012



§Not all data is ‘created equal’.
§Reproducibility … crisis.
§Best practices & SOPs?
§Data platforms
§Operating models & Incentives

Lessons Learned
“Failure is simply the opportunity to begin 

again, this time more intelligently.” 
Henry Ford

FORCED	US	TO	
REVISIT	
FUNDAMENTALS!
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About Cohen Veterans Bioscience (2016-present)

We are a national, nonpartisan 501(c)(3) research organization dedicated to 

fast-tracking the development of diagnostic tests and personalized therapeutics 

for the millions of veterans and civilians who suffer the devastating effects of 

trauma-related and other brain disorders. 

2017	TRAUMA	SCORECARD PTSD mTBI
#	of	FDA	Approached	Diagnostics 0 2
Qualified	Biomarkers 0 1?
Diagnostic	Pipeline ? 1+

#	of	FDA	Approached	Therapeutics	Overall 2 0
#	of	Therapeutics	Approved	in	Past	15	Years 0 0
Therapeutic	Pipeline >20 >20
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Lesson #1:  We need better data
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Small studies/under-powered

Non-standardized 

Low-reproducibility

Few longitudinal cohorts exist

Typically collect a limited dataset

Non-standardized practice

Intermittent and incomplete data

Superficial (generally little imaging, 
genomic, deep phenotype)

Variable quality/methodology 

EHR developed for Reimbursement not 
Research

Limitations for Precision Medicine

Clinician’s Office – Electronic Health Records

Published Literature & Repositories

Clinical Research Studies – Large Cohorts
NOTE:  
Data for “Systems 
Modeling” needs to meet 
stringent requirements 
often not met in traditional 
study programs
- Deep phenotyping
- Missing data
- Annotation
- Etc.
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Quantifying
Brain

Health

Multimodal
Biomaker
Studies

Patient
Powered
Networks

Biosensors

IMAGING OMICS MICROBIOME EEG

Integration

Nanotechnology:
Wireless

Body Area
Networks

Mobile& Social Media
Real-time

Real-world

Motion
Sensor

SpO2

EMG
Sensor

ECS
Sensors

WBSN
Coordinator
(Personal 
server)
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Reproducibility is an issue

2005 2011 2014 2015

PlosMedicine, 2005

% Studies in in-house projects 

reproduced at Bayer
(Oncology, Women’s Health, Cardiovascular)

Prinz etal, Nat Rev Drug Dis, 2011

Launch of Multiple Initiatives:

v Society for Neuroscience

v Wellcome Trust

v Preclinical Data Network

v FASEB

….. and more....

EQUIPD
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Biomarkers Discovered in Literature and Patents
Psychiatric Disorders
15,650 hits Database

7 Approved

PTSD

Integrity Biomarkers 
Database
810 Hits

Pubmed Central
310 Results

0 Approved

TBI

Integrity Biomarkers 
Database
2595 Hits

Pubmed Central
1258 Results

2 Approved

MDD

Integrity Biomarkers 
Database
4488 Hits

Pubmed Central
5355 Results

0 Approved

Suicide

Integrity Biomarkers 
Database
1199 Hits

Pubmed Central
906 Results

0 Approved

Updated 11/27/17
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The Devil’s We Know

• Study Design - Hypothesis-driven/Candidate versus 
Unbiased/data-driven approaches to discovery

• Statistical Power – many biomarker studies have been 
underpowered/small studies
• Reproducibility – most studies have not been independently 

replicated
• Methodology – pre-analytic variables affect data (needle 

size, time to freeze, etc)
• Standards – across labs, across MRIs, across batches 
• Assay Performance – often overlooked – garbage in à

garbage out
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Operating Models & Incentives:  Examples

Grant-making (e.g. 
NIH)

• Bottom-up projects
• Siloed
• Crowd-sourced 

innovation 
• Central funding

Solution-Driven 
(e.g.DARPA/IMEC)

• Top-down programs
• High-touch
• Low through-put 
• Central funding

Patient-Driven 
(e.g. Advocacy)

• Influence-driven 
programming

• Broad reach
• Leveraged funding

Think Tank 
(e.g. Milken)

• Convener
• Thought leadership
• No direct program 

management
• Leveraged funding



CVB Strategic Roadmap
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Continuum – from enhancing research capacity  
resources to funding strategic research and 

implementing promising practices

RESEARCH PRACTICE

Biomarkers & 
MOA

Data Science
mHealth & 
Outcomes

KNOWLEDGE ENGINEERING

Therapeutics
& Diagnostics

Predictive 
Models

Large, deep 
phenotype 
cohort studies

Discovery & 
Replication

Pathways &
Circuits

Animal 
Models

Computer 
Models

Stem Cell 
Models

Blood
Imaging
EEG
Brain Banking
Stem Cells

Integrated 
analysis

Machine 
Learning 

Bio-
informatics

Wearables & 
mHealth

Telehealth 

Virtual Trials

Outcome 
Tools

Bio-
repositories

Incubator

Clinical Trials 
Accelerator

Bridge 
Funding

Adoption

Best Practice 
Guidelines

Awareness

Education/
Training



A Platform Approach
RAPID-

Dx

NeuroTech 
Hub

CTN/
Incubator

Our Approach is 
to Build Enabling Platforms 

with Strategic Partners ,
incentivizing a Team Science 

approach 
to fast-track solutions.

PLATFORM

Computational 
Modeling
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Genetics of PTSD:  Status November 2015

Voluntary Consortium
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Post-CVB-Stanley Partnership (2016-2017)

 

~21,000 cases, 59,000 controls = ~80,000 samples

Integrated 56 
studies from around 
the Globe



25

SIGNIFICANT RESULTS (1.5 Years Post-Project Launch)

GWAS in European ancestry:
• N cases: 12,813; N controls: 35,640; N total: 48,453; 
• N studies: 50
• GWAS hits: 2

GWAS in African ancestry:
• N cases: 4,289; N controls: 10,500; N total: 14,7893; 
• N studies: 30
• GWAS hits: 1

GWAS in Latino ancestry:
• N cases: 1,981; N controls:3,722; N total: 5,703; 
• N studies: 6
• GWAS hits: suggestive 2
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Next Steps (2018)

Integrate across diverse ancestries
Expand sample size
• UK biobank (N~150,00 )
• Million Veterans Program
Interrogate “hits”

HOT OFF THE PRESS!
Manuscript just submitted
30K cases & 170K controls

6 SNPs identified!



A Platform Approach
RAPID-

Dx

NeuroTech 
Hub

CTN/
Incubator

Our Approach is 
to Build Enabling Platforms 

with Strategic Partners ,
incentivizing a Team Science 

approach 
to fast-track solutions.

PLATFORM

Computational 
Modeling
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AMP-IT-UP, a collaborative working group, launched to jump-
start the field of PTSD & TBI animal modeling to:

• Harmonize constructs in humans and preclinical animal and 
computational models to facilitate the development of 
translatable preclinical model systems;

• Develop best practice standards for reproducibility and 
robustness of PTSD model development and study conduct; 

• Explore innovative nano- and imaging technologies to expand 
the armamentarium for preclinical research;

• Explore the use of computational modeling approaches to 
provide a complementary modeling approach to animal 
models;

• Centrally collect and synthesizing all available information 
about models;

• Identify gaps requiring additional study; 

• Support study programs to address those gaps.

Establish 
construct validity 
of PC models of 
“brain trauma”

Apply validated models to 
therapeutic development

Develop 
information 
technology 

toolbox and best 
practices



Landscape of Available “PTSD” Models
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Model Stressor Type

1 Immobilization Processive

2
Chronic Social Defeat Stress / 
Resident - Intruder

Psychosocial, Pain

3 Social Structure Social

4 Predator/Predator Odor Innate

5 Single Prolonged Stress Acute, Severe, Life Threatening

6 Early Life Stress Developmental

7 Environmental Stress Home Cage Disruption/Enrichment Poverty

8 Chronic Unpredictable Stress Environmental, chronic

9 Sleep Deprivation Physical

10 Shock stressors Physical, Pain

11 "Sequester Pain" or "Rat Party" Psychosocial

12 Hypoxia Physical

13 Underwater Trauma Physical, Life Threatening

14
Genetic models and/or 
susceptible lines

Belzung, C., & Lemoine, M. (2011). Criteria of validity 
for animal models of psychiatric disorders: focus on 
anxiety disorders and depression. Biology of Mood & 
Anxiety Disorders, 1(1), 9. 
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AMP-IT-UP + PDN Membership

AMP-IT-UP

+100

World-Class
Experts

30
Academic

Institutions
24Industry

Partners

6 3 Non-ProfitsGovernmental
Agencies

Countries = 15
Publishing = 2

6 3
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PEERS

CONFIDENTIAL DO NOT DISTRIBUTE 



A Platform Approach
RAPID-

Dx

NeuroTech 
Hub

CTN/
Incubator

Our Approach is 
to Build Enabling Platforms 

with Strategic Partners ,
incentivizing a Team Science 

approach 
to fast-track solutions.

PLATFORM

Computational 
Modeling
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Normative Neuroimaging Library

§ In 2017 CVB and partners launched a comprehensive effort to 
establish a neuroimaging library (>3000 subjects) to inform 
currently available FDA approved tools for interrogating advanced 
imaging.

§ Addresses a critical current need for FDA approved tools that are 
presently being used for clinical care.

§ Addresses a rapidly expanding need for tools making their way into 
clinical care within the next 3-5 years. Upon completion, these tools will 
require high quality normative data to function properly.

CONFIDENTIAL AND PROPRIETARY;  FOR INTERNL USE ONLY
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Normative Neuroimaging Library:
Precision analysis to determine library size

§ Include 500 subjects for each of the following 
age groups:

§ 18-25; 26-35; 36-45; 46-55; 56-65

§ Implement consensus recommendations of 
2014 ACR Montreal panel

§ Include both DOD and civilian sites

§ Current sites: Lackland AFB, SAMMC, 
Baylor College of Medicine, 
University of Virginia

TARGET = 3000 brains scanned

>500 individuals scanned since 2017!

CONFIDENTIAL AND PROPRIETARY;  FOR INTERNL USE ONLY



36

Biomarkers & Diagnostics for PTSD & TBI

Definitive 
diagnosis and 
general typing

Diagnosis

Assess disease 
aggressiveness & 
likelihood of 
recurrence

Prognosis

Predict efficacy 
or response to 
different 
treatments

Prediction

Monitor disease 
recurrence & 
therapeutic 
response

Monitoring

Indicate the 
presence of 
disease; early 
detection

Screening/ 
Detection

Identify factors 
to assess 
susceptibility of 
disease

Risk
Management

Consolidation Period

Baseline Incident Trauma Diagnosis Chronic Disease
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Research Alliance for PTSD/TBI Innovation and Discovery Diagnostics 
(RAPID-Dx)

•Pursue infrastructure development by forming public-private partnerships to share data across 
cohorts, evaluating bio-assays to select best-in-class platforms, implementing SOPs in samples 
collection, handling, and analytical approaches, and consolidating data to the Brain Commons for 
deployment of large-scale analytics.

Objective #1

•Promote biomarker discovery by using robust assays from platform evaluations, identifying 
priority COUs/TDPs and pursuing these in appropriate RAPID-Dx cohorts, implementing statistical 
analyses plans to ensure statistical power, robustness, and replicability.

Objective #2

•Conduct biomarker replication by building on discovery studies to validate assays and clinical 
contexts of use, which can be complemented by seeking guidance from regulatory partners.Objective #3

•Pending Objective 1-3, replicated biomarkers can be developed further for clinical 
implementation through pursuit of regulatory approval, attainment of wide-spread 
reimbursement, and adoption into clinical practice. 

Objective #4

Current Focus

Launched February 2018
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Consensus Workshop - Priority Diagnostic Opportunities

Risk & 
Screening 

Tools

Pre-exposure risk 
diagnostic 

[post-trauma trajectory]

Acute post-exposure 
prognostic 

[supports transition from 
PCP/ER to 

psychiatrist/treatment]

Deconstruct 
population into 

coherent stratified 
subtypes 

[with common biological 
constructs using large 
cohort phenotype & 

biomarker data (imaging, 
fluid, EEG)]

Disease 
Activity 
Measure

For chronic disease, 
provides an “index” 
of severity based on 

biotype domain

Therapeutic 
Response 
Indicators

Co-diagnostic for 
therapeutic 

Response and 
monitoring

Stratification/
PTSD  & TBI 

Biotypes
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RAPID-Dx Framework

Cohort 
2

Cohort 
1

Cohort 
3

Statistical
Analysis Plans

Discovery

‘Omics Bio-assaying on 
High Performance Platforms

Large-scale 
Replication of 

candidate 
markers

Cohort 
4

DiagnosticsBRAIN 
Bio-repository

Zone 2

OutputBRAIN Commons

Data

Biosamples

MOUs/
IP Sharing

ZONE

2
Controlled
Access

ZONE

1
Public
Access

ZONE

3
Restricted
Access

Infrastructure

Data & Sources

Zone 3
(default)

Zone 2
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Imaging

Physiology

Immunology

Metabolomics

Lipidomics

Proteomics

Transcriptomics

(Epi)Genetics

Cluster 1

Cluster 2

Cluster 3

Patients

Class predictionClass discovery Biological Mechanisms/ Treatments

PTSD/TBI 
Biotyping

?
Biotype 1

Biotype 2

Biotype 3

Controls



Data Harmonization

• Data models

• Clinical/Behavior
al constructs

Regulatory/              
Context of Use

Modality

• Behavioral

• Genomic

• Humoral

• Neuroimaging

SAP
Prior Knowledge

• Literature maps

• Meta-analyses

• Previous SAP results

Analytic

• Sample size

• Pipeline

• Power
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RAPID-Dx Inflammation Bake-off – Technical Performance and 
Clinical Dynamic Range

Clinical Samples
• Healthy Controls (BioVT)
• PTSD/TBI (TRACTS, Precision 

Med)
• PD (MJFF)

Technical Samples
• Healthy controls (BioVT)
• HC Stim Pools (BIoVT)
• Recombinant cytokines (BD)

Goal: To evaluate both the  
platforms analytical and 
technical performance

Goal: To understand likely 
measurements from individuals 

w/ PTSD, PD vs. HCs

Classes of  Samples for Analysis

Although this is not a case-control matched study and lacks statistical power for discovery, these samples will 
contribute to understanding around whether a given assay offers sensitivity and linear range necessary for 
assessing endogenous cytokines in our RAPID-Dx cohorts
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RAPID-Dx Inflammation Bake-off – Target Analytes

Target Analytes
1. IL-1beta
2. IL-2
3. IL-4
4. IL-6
5. IL-8
6. IL-10
7. IL-12 
8. IL-12/IL-23
9. IFN-gamma
10. TNF-alpha
11. MCP-1 (cytokine also known as CCL2)
12. Fractalkine (chemokine CX3C)



A Platform Approach
RAPID-

Dx

NeuroTech 
Hub

CTN/
Incubator

Our Approach is 
to Build Enabling Platforms 

with Strategic Partners ,
incentivizing a Team Science 

approach 
to fast-track solutions.

PLATFORM

Computational 
Modeling



What is a Data Commons?

Data commons co-locate data with cloud computing infrastructure 
and  commonly used software services, tools & apps for managing, 
analyzing and  sharing data to create an interoperable resource for 

the research community.*
*Robert L. Grossman, Allison Heath, Mark Murphy, Maria Patterson and Walt Wells, A Case for Data Commons Towards Data Science as a Service, IEEE  
Computing in Science and Engineer, 2016. Source of image: The CDIS, GDC, & OCC data commons infrastructure at a University of Chicago data center.



TRANSLATIONAL RESEARCH NEEDS A NEXT-GENERATION DATA COMMONS

COMPUTE

Many platforms funded by short-term government grants; no sustainable biz model built in to 

update/improve platform, support data storage, support compute

High-throughput molecular analyses, 

neuroimaging and sensor technologies 

are generating petabyte datasets daily

Relational database/non-cloud 

architectures are static and have limited 

scalability

DATA SCALABILITY
Volume, speed and complexity of data 

growing beyond current capacity

USABILITY

Data Curation support for legacy datasets; 

ETLs for future

Training – online courses and hackathons to 

educate users

Visualization Tools – need a range of tools for 

researchers to manage and explore data

Transparency & Reproducibility - need data 

provenance tools – Jupyter notebooks, analytic 

scripts, DOIs, annotation to make design & 

analysis of BM & PC studies open

Data repositories are under-utilized: users are 

challenged by uploading & accessing data; limited 

bioinformatics training; lack of incentives 

SUSTAINABILITY

Predictive modeling analytics need to be 

performed in the cloud where data are stored and 

data standards will need to be adopted

It is no longer practical to move large 

datasets (time, expense, security)

Integrating multiple datatypes into 

computational models is not trivial and 

requires high compute speeds for machine 

learning / AI approaches

To enable data integration across cohorts / 

clouds we need to utilize Common data 

models / Standards / Ontologies / APIs 



Scalable, 
interoperable, big 
data cloud-based 

platform

User-friendly web-
interface, 

visualization tools & 
suite of analytics 

pipelines

USER INTERFACE 
& PIPELINES

Social media-based 
cognitive network 

that links researchers, 
analysts, patients and 

clinicians to 
knowledge.

COGNITIVE 
COMMUNITY

Membership, fee-
based & XAP-store 
revenue models for 

long-term 
sustainability of 

platform

SUSTAINABLE 
BUSINESS 

MODEL

GEN 3 
BIONIMBUS 
PLATFORM

BRAIN COMMONS – SCALABLE, SECURE, SUSTAINABLE



10 Platform Requirements

• Petabyte Scale 

• (FAIR)

• Data Driven 

Discovery 

Data Volume
No. 1 

Data Variety 
No. 2 

Data Velocity 
No. 3 

Data Value
No. 4 

Data Volume
No. 5 

Computation 
No. 6 

Interoperability
No. 7 

Privacy & Security  
No. 8 

Scalability
No. 9 

Sustainability
No. 10 

• Reusability 

Retainability, protectability, 

survivability, funded, affordable  

• Governance  

Identity management, 

accounting and auditability, 
reusability, raw and curated 

data 

• Global Compliance  

HIPPA HITECH, EU-GDPR, 

FISMA, NIST, NIH-BD2K, FAIR, 
GA4GH, VA, DOD, FDA, BIDS, 

FedRAMP, etc. 

• Unstructured 

• Heterogeneous 

No Constraints on Raw Data Type 

• High Throughput 

Approaches 

Data flows - streaming, ingest -
processing 

• Complex Analytics  

Best in class analytics and 

bioinformatics tools, workflows, 

pipelines 

• Globally - Cloud

Durability, redundancy, 

survivability, longevity, platform 

sustainability, recoverability, 

reproducibility  

• Workflows, Pipelines

Finding, computing style, 

configurability, complex 
analytics, locality of reference. 

“One size does not fit all.” 

• Heterogeneous Data  

Seamless , APIs, restful 

services, global , concurrency, 
standards, open source. 



Platforms

PLATFORMS
AND SOFTWARE
TECHNOLOGIES

EVALUATED 

#1. NCI Genomic 
Data Commons (GDC)

#2. tranSMART 
Knowledge 

Management Platform

#3. Informatics for 
Integrating Biology and the 

Bedside (i2b2)

#4. Ontario Brain 
Institute (Brain-

CODE) 

#5. EU 
EPILEPSIAE 

Database

#6. IEEG.org –
International Epilepsy 

Electrophysiology

#7. NSF Cloud 
Platforms  - Computing 

in the Cloud

#8. NIMH Data Archive -
National Institute of 

Mental Health

#9. MIT 
“SuperCloud”

#10. HPI Hasso 
Pattner Institute 

- Univ of 
Potsdam

#11. EMC – Pivotal -
Large Scale Hadoop 

Testbed

#12. Perkin Elmer –
“Signals”

#13. PMI (Precision 
Medicine Initiative)

New York Genome Center + 
IBM

#14. The Open 
Cloud Consortium –
Open Science Data 

Cloud 

#15. CG HUB 
from The Cancer 

Genome Atlas 
(TCGA)

#16. Cancer Genome 
Collaboratory  -

(Canada)
#17. Blackflynn

#18. “Genome Bridge” –
The Broad

#19. IBM Watson 
Health & IBM 

Watson Health 
Cloud

#20. MVP -
Million Veterans 

Program 
(GenISIS)

#21. Intel PCCSB -
Intel Parallel 

Computing Center 
Structural Biology

#22. Collaborative 
Cancer Cloud - Intel

#23. LONI Laboratory of 
Neuro Imaging - IDA 

Image and Data Archive 
(USC)

#24. European 
Open Science 

Cloud

#25. ICGC 
Data Portal

90+



3 Pillars

Team Science Principles
Community Driven to foster collaboration and innovations

Accelerate translational research into the clinic



Data: Data Model

DATA MODEL
- Graph Based
- Flexible, scalable
- Unique for brain disorders
- Each contributed dataset it mapped to the 
global data model 
- Allows for ’control’ of access at the level of 
nodes for a given dataset
- Linked to CDISC & other relevant standards

DATA TYPES
- Clinical data
- Imaging data
- Genomic data
- Biospecimen data
- Sensor/Wearable data (streaming)
- Preclinical (under construction)

Unified graph-based data model, capable of supporting heterogeneity of brain data



• Similar to PubMed access

• Open to public without 
qualification

• Metadata describing the data 
available in Brain Commons 
will also be Public Data  

ZONE 1
Public Access 

Data: Zones

• Similar to dbGAP access

• Qualified researchers with 
Data User Agreement (DUA)  

ZONE 2
Controlled-Access 

• Individual institutions/users 
approved by funding 
organization 

• Access prescribed at data 
cohort level 

ZONE 3
Restricted-Use Only 



Portal



Analytics

• Exposing the value of the data to the Brain Commons community

• Encourage analysis of the data ON the commons

CASUAL USER
Querying PubMed, latest 
research articles and trends

BIOLOGIST
Data exploration, 
visualization, basic statistics

BIOINFORMATICIAN
Analysis of high dimensional data, 
linking statistical analysis to the 
functional biology

MACHINE LEARNING 
ENGINEER
Algorithm development

DATA SCIENTIST
Applying advanced statistical 
modelling, biomarker discovery

PRE-CONFIGURED TOOLS NOTEBOOKS & DEVELOPMENT STUDIO

HYPOTHESIZE

PLAN

ANALYZ
E

CONCLUDE 

PUBLISH



Cohort Explorer: Faceted Search



Cohort Comparison

Step 1. Select cohort 
from saved search, or 
‘live’ from faceted search

Step 2. Perform basic 
statistical analysis on 
selection



Notebooks



Partnerships



Partnerships

The Gen3 platform, multiple geographically  distributed data commons can 
interoperate in different ways:

o through datapeering
o through a FAIR-based set of APIs forapplications
o through scattering queries/analyses and gathering theresults
o through a controlled and monitored query/analysisgateway



PATIENTS ARE WAITING!
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What It Takes

• Change the Conversation

• Build the Translational Toolbox

• Strategic Alliances

• Roadmap

• Leadership & Engagement

• It Takes You!

Proposal:  Form a Trans-Atlantic e-Brain Consortium?

• Coalition of the willing

• Partner across “platforms”

• Establish a federated inter-operable data-sharing framework

• Network of networks



THANK YOU FOR YOUR ATTENTION!
www.cohenveteransbioscience.org


