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Brain Disease is Personal



Major challenges hindering CNS drug development include:

Lack of understanding about what causes disorders of the brain

Lack of useful animal models for their study

A lack of diagnostic markers to predict disease-onset and allow 
early intervention 

The difficulty of delivering drugs across the blood-brain barrier 
to reach intended targets

The lack of quantitative endpoints to assess efficacy in clinical 
trials relying on subjective investigator and patient-rated 
diagnostic scales instead

The Reasons We Fail in CNS



Health Science Today…
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Medicine today is built on hundreds 
of years of individual observations… 



From Reductionist to Systems Modeling

Systematic Collection and Integration of Multi-modal Data



What If?





Quantifying Brain Health



Methods for Analytics
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Natural Language Processing
 Part of speech tagging
 Text de-identification
 Hidden Markov Modelling
 Latent Semantic Analysis
 Sentiment Analysis
 Summarization

Classification/Clustering
 Bayesian classifiers
 Support Vector Machines
 Self Organizing Maps
 Clustering
 Neural Networks

Correlation/Regression
 Pearson Correlation
 Linear/Logistic Regression
 Decision Trees
 Factor Analysis
 Component AnalysisPredictive Modelling

 Bayesian Belief Networks
 Neural Networks
 Evolutionary Computation
 Markov Models
 Dynamical Systems
 Deep Learning Networks

Data Preprocessing
 Noise filtering
 Normalization
 Matrix manipulations
 Dimensionality reduction
 Singular Value Decomposition
 Domain transformations
 Feature detection

Adapted from Francis Jeanson (OBI)



Shared Disease Modeling Roadmap Independent, trusted 
third party to manage 
diverse stakeholder 
interests.

Bilateral Contracts

Share costs, risk and 
rewards1 of respective 
projects. (1)incl. IP

Further reduce cost and 
time to value by sharing 
experience, expertise 
and capabilities across 
projects.

Bionetworks: Cooperative Alliance Model



Alliance Team for Multiple Sclerosis 1.0

Description
Inter-institutional and inter-disciplinary Cooperative Alliance 
Partnership Model: 

 Systems biology modeling partners provide technology and 
software capable of integrating diverse types of data and 
building predictive disease simulations

 Advocacy and patient portal partners directly engage patients 
to help define research goals and gain access to real-time, real-
world disease and environment data

 Healthcare partners conduct long-term patient clinical studies 
and contribute data from imaging and biomarker repositories 
(e.g., gene activity, proteins in the blood) and provide disease-
expertise

 Healthcare IT partners provide data management & 
information technology support to manage high data volumes 

 Government partners contribute grant funding, participate in 
standards development and dissemination of disease models

 Pharmaceutical and biotechnology partners provide funding,  
clinical trial & biomarker data and development expertise

Pharmaceuticals & 
Technology Partners

MS 
DISEASE

NETWORK

Patient Portals & 
Advocacy

Healthcare IT 
Partners

Systems Biology
Modeling Partners

Healthcare & BM 
Partners

*Value Proposition: Identified on a case-by-case basis 

Federal 
Governments



CLIMB STUDY

Data from >2200 patients enrolled in the CLIMB longitudinal study 
(>5 years) were evaluted for use in the Causal Disease models.  
 All patients ≥18 years of age with a definitive diagnosis of MS within the last three 

years were eligible to participate. Patients may have been untreated or receiving 
any of the standard or investigational therapies for MS. 

 Patients underwent semi-annual comprehensive neurological examinations, 
annual psychosocial and annual cognitive evaluations. 

 Patients had an annual MRI (1.5T) within four weeks of the annual neurological 
examination. Derived quantitative brain and spinal cord MRI measures: 

1) T2-hyperintense lesion volume; 
2) brain parenchymal fraction; 
3) number of new gadolinium-enhancing lesions; and 
4) total number of gadolinium-enhancing lesions. 

 Biospecimen collection: 
1) GWAS analysis and 
2) Transcriptome analysis from frozen PBMC samples



High Performance Computing & 
Bioinformatics Approaches
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Causal-Inference/Bayesian
HPC/Machine Learning

Pathway Network Models
Incorporates known Biology
from the published literature

Data-Driven Knowledge-Based

Ref: Judea Pearl, 1980 Ref: Lee etal, PloSComp 2009 
Chung et al. Blood 2012



Topline Modeling Results

 GNS Biomodels
– Generated 2 Models from Data: DNA – RNA model (n=99) & DNA-only model (n=238)

• DNA-Only Model: 19 SNPs statistically significant in discovery cohort
– Replication conducted on out-of-sample cohort

• Over 90% of RNA-RNA interactions were significant below p-value of 0.05 with Bonferroni correction. 
• For the DNA only model one SNP emerged as suggestive with p-value less than 0.1 after Bonferroni

correction. 

 Thomson Reuters Data Mining
– 57 pathways were significantly associated with time to relapse in RRMS
– 3 populations of patients identified based on pathway expression cluster analysis
– These populations had statistically different prognoses

 Next Steps for 2.0:
– Replication & Validation of these findings



Executive Summary

Our Mission
To harness the power of computer modeling and shared data 

to predict the course of brain disorders 

and accelerate the search for cures.

Our Approach

Embracing the full power of data and computation

Orion Bionetworks is assembling and integrating high-dimensional biomarker, 
biosensor, and phenotypic data and advancing knowledge discovery through 
the power of predictive analytics and computer modeling. 

Reimagining how R&D is done

To accelerate knowledge discovery, we have created a dynamic, highly 
networked, multi-sector, cooperative alliance in which each partner contributes 
something unique and complementary: data, expertise, technology, financial 
resources, ideas. 
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